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of deep-water stocks, fisheries and ecosystem in different parts of the world in a
range of RFMO Regulatory Areas. Includes relevant EC and EP, and FAO actions
and the views of stakeholders in NE Atlantic deep-water fisheries.
Prepared by Phil Large (Cefas) based on the following WP2 reviews and papers:
•

Salient characteristics of the deep-water environment in the NE Atlantic by
Stephen Dye and Phil Large (Cefas);

•

Ecology of deep-water ecosystems by Andy Kenny and Chris Barrio-Frojan
(Cefas);
Main policy drivers impacting on deep-water fisheries and ecosystems in the NE
Atlantic by Phil Large (Cefas);
Parasites, pathogens and contaminants of deep-water fish with a focus on their
role in population health and structure by Matt Longhurst and Stephen Feist
(Cefas);
Management and monitoring of deep-water stocks, fisheries and ecosystems in
different parts of the world:o Deep-water fisheries in Australia, New Zealand and the Indian Ocean by
Paul Marchal (Ifremer);
o Deep-water fisheries off Brazil by Phil Large (Cefas);
o Antarctic deep-water fisheries (CCAMLR) by David Agnew and Charles
Edwards (Imperial College);
o Deep-water fisheries in the SE Atlantic (SEAFO) by Phil large (Cefas);
o Deep-water fisheries in the Mediterranaean (GFCM) by Dimitrios
Damalas and Chryssi Mitilineou (HCMR);
o Deep-water fisheries in the NE Atlantic (NAFO, NEAFC and inside
national EEZs) by Phil Large (Cefas);
Submitted Journal paper : Using qualitative and quantitative stakeholder knowledge:
examples from European deep-water fisheries by Pascal Lorance (Ifremer), Sveinn
Agnarsson (UoI) Dimitrios Damalas (HCMR), Sophie des Clers (UCL), Ivone
Figueiredo (IPIMAR), Juan Gil (IEO) and Verena M. Trenkel (Ifremer)

•
•

•

•

The strengths and weakness of the above mentioned monitoring and management
regimes are addressed in WP2 Deliverable D2.3 – a journal paper on the “effectiveness
of existing management frameworks of deep-sea stocks and fisheries” by Phil Large, David
Agnew, Chris Barrio-Frojan, Dimitrios Damalas, Stephen Dye, Charles Edwards,
Stephen Feist, Andy Kenny, Matt Longshaw, Paul Marchal and Chryssi Mitilineou
and other contributors.
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1. Salient characteristics of the deep-water environment in the NE Atlantic
1.1. Introduction
1.1.1. Definition of deep-water
To review aspects of the deep-water environment salient to deep fisheries first
consideration has to be made of the depth of the environment. In practice, two
depths are used regularly as the limit for deep water by the bodies that consider
deep-water fisheries, >200 m by the FAO and >400 m by ICES.
Justification for a depth limit may be sought through understanding the bathymetry.
The major difference between deep and shallow environments is found at the
offshore edge of the shallow continental shelf, where the seafloor transitions to the
continental slope at the Continental Shelf Break and is characterized by a markedly
increased slope toward the deep ocean bottom. The shelf break may be at a depth as
shallow as 20 m and as deep as 550 m; the worldwide average depth is 133 m.
Light and productivity zones in the ocean provide a classification of the water
column. In the euphotic zone light is available for photosynthesis to the depth of the
compensation level below which there is no net primary production as the reduction
in light means that oxygen production and consumption by photosynthesis and
respiration balance. The light at this depth is about 1% of that of the surface. For the
clearest oceanic waters this depth can be 110 m. Some of the light towards the green
and blue end of the spectrum can penetrate deeper but does not support net growth.
This can reach as deep as 1000m but is generally considered to extend to around 200500 m and called the dysphotic zone. The aphotic zone below 200-500 m is dark.
Consumption and decomposition of organic matter require oxygen for the
respiration of animals and bacteria. The excess of removal of oxygen over
replenishment reaches a maximum at about 1 km depth shown by an oxygen
minimum layer but varies between regions of the NE Atlantic. For example in panel
3 of Figure 1 there is a pronounced oxygen minimum layer between 1000 and 500m
in the basins east of the Reykjanes Ridge, but deep ventilation and cooler water in the
Irminger Basin leads to high oxygen levels throughout the water column.
In oceanographic terms it is the informal common practice to consider the difference
between shallow and deep oceans to be at the shelf break and to think of this as at
200 m. However this is not the difference between the shallow, intermediate and
deep components of the water column. The separation that should be considered is
between the surface processes and those of the ocean interior. The surface ocean
reaches the depth of direct influence by atmospheric forcing, whether direct wind
driven circulation or by heat and fresh-water fluxes. The surface mixed layer gives
way to the interior ocean at the thermocline. In the NE Atlantic winter mixed layers
can be deeper than 600 m, and in the zones of deep convection in the Nordic Seas
and southern Irminger Sea deeper still. Figure 1 illustrates the variation seen in the
hydrographic properties of the water column which is weakly stratified in the
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Irminger Basin, with strong ventilation below 1000 m (shown in the oxygen
maximum at depth) and strongly stratified over the Porcupine Abyssal Plain in the
east.
None of the environmental arguments provides a strong rationale for either 200 m or
400m as a set depth as the upper boundary. Good arguments could be made for
setting it at as shallow as 100 m or as deep as 1000 m. The logical choice in this case is
to opt for the shallower of the two limits which has the benefit of fitting best the short
hand oceanographic use of the 200 m contour as the limit between shelf seas and
oceanic waters and the FAO use of the limit between shallow and deep water.
1.1.2. The deep-water environment and the definition of deep-water fish and
crustacean species.
This is complex issue and is not driven solely by the salient characteristics or
definition of the the deep-water environment. Many deep-water marine living
resources have biological features that are driven by the characteristics of the deepwater environment. These include: (i) maturation at relatively old ages; (ii) slow
growth; (iii) long life expectancies; (iv) low natural mortality rates; (v) intermittent
recruitment of successful year classes; and (vi) spawning that may not occur every
year. As a result, many deep-water marine living resources have low productivity.
However, not all deep-water resources exhibit these features. For example, black
scabbardfish (Aphanopus carbo) and alfonsino (Beryx splendens), both considered to be
deep-water species in that they are found mainly at depths 400 to 600 m and 200 m to
1700m respectively, are relatively fast growing and are not lived (maximum age 1214 and 15-20 years). So deep-water resources cannot be defined solely on the basis of
their life history characteristics.
The use of depth distribution data to define deep-water marine living resources is
also problematic because many fish species found on the continental shelf are also
found in deep water (whether defined as depths below 200 or 400 m). In the NE
Atlantic these include ling (Molva molva), tusk (Brosme brosme), anglerfish (Lophius
spp.), deep-water redfish (Sebastes spp.) and Greenland halibut (Rheinhardtius
hipploglossoides) (Gordon et al., 2003). To add to the confusion, the species addressed
by the ICES Working Group on the biology and Assessment of Deep-sea Fisheries
Resources (ICES WGDEEP) are somewhat eclectic and include long-lived, slow
growing species found at depths greater than 600 m, orange roughy (Hoplostethus
atlanticus) for example, but also ling and tusk.
1.1.3.

The deep-water environment and the definition of deep-water fisheries.

Given the problems defining deep-water marine resources it is not surprising that
scientists and fisheries managers have encountered problems developing criteria to
differentiate deep-water fisheries from other types of fisheries. The definition of
deep-sea fisheries is crucial both to DEEPFISHMAN and to proposed revisions of EU
Deep-Sea Access Regime. One approach that may help address this issue is to carry
out a principal components analysis on haul by haul catch composition data for a
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DEEPFISHMAN case study fleet that partipates in a range of fisheries. From these
outputs it may possible to develop simple metrics that could enable us to
differentiate between different types of fisheries. A suitable case study would be the
French mixed demersal trawl fleet fishing to the west of the British Isles, as this fleet
prosecutes a directed deep-water fishery for blue ling, a mixed demersal fishery for
deep-water species and a directed fishery on the continental slope for saithe
(Pollachius virens).
1.2. Scope of Review of the NE Atlantic Area
For this review of the NE Atlantic we consider the ICES and OSPAR regions north
from the Straits of Gibraltar Strait, east of Cape Farewell and west of Novaya Zemlya
(Figure 2). This region includes the deep areas of the North Sea, Skagerrak and
Barents Sea, but not the Mediterranean or Baltic Sea. In section 1.3 we briefly discuss
some of the seabed and bathymetric features in the NE Atlantic that interact with the
circulation and hydrography of the deep ocean. Section 1.4 reviews the ways that the
deep ocean can be monitored and the programmes that make monitoring datasets
usable and available in the NE Atlantic. Section 1.5 gives a broad overview of deep
NE Atlantic oceanography and the important and topical oceanographic process.
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Figure 1. In the 1990s the World Ocean Circulation Experiment conducted a series of sections across the
Wolds Oceans (apart from the Nordic Seas and Arctic) giving a snapshot of the oceanographic
conditions. Here we show section A1E between Ireland and East Greenland. This section skirts south of
the Rockall Trough, Rockall Bank and the Iceland Basin, across the Irminger Basin and onto the East
Greenland Slope and Shelf. [Figure modified from eWOCE Atlas (Schlitzer, 2000)]. This section clearly
shows the two dominant oceanographic characteristics of the NE Atlantic and highlights the
connectivity across the Greenland Scotland Ridge. To the west in the Irminger Basin is the clear
ventilating character of the subpolar Atlantic and the influence of the overflows from the Nordic Seas
and the export of polar water. In the eastern basins the transport of warm saline waters in the North
Atlantic Current either towards the Nordic Seas or around the Subpolar Gyre. The warm saline current
that stays within the Atlantic then follows a north and westward path along the bathymetry and can be
seen at each of the slopes and across the Ridge in progressively cooler and fresher forms. It can be most
easily identified in the influence of high salinity cores between 200 and 1000m.
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Figure 2. NE Atlantic – Deep (> 2000m), Slope (2000m>>500m) and Shallow (<500m)

1.3. Main bathymetric features
The major topographical feature running almost north to south in the region is the
Mid-Atlantic Ridge (MAR), with the Azores at the shallowest part, and its extension
into the Reykjanes Ridge, Iceland and Jan Mayen. Iceland also forms a part of the
major east-west topography the Greenland-Scotland Ridge separating the Atlantic
Basins from the Nordic Seas. The deepest parts of the North Atlantic reaching about
5000 m are on either side of the Mid-Atlantic Ridge. The MAR and Reykjanes Ridge
separate the east and west basins of the North Atlantic to depths of around 2000 m
but with deep passageways in fracture zones. The Greenland Scotland Ridge is
predominantly shallower than 500 m with two main deeper channels, between Faroe
and Scotland (about 850 m deep) and between Iceland and Greenland (about 600 m
deep).Waters of less than 200 m are found on the continental shelf along the
European and Greenland coast.
Seamounts in the area can occur as submerged single mountains or chains of
mountains along the ocean floor. Along the Iberian coast, to the west of Norway and
some parts of eastern Greenland the shelf is narrow and the shelf break is steep and
has deep canyons and cliffs.
There are two main areas of wide continental shelf areas (depths of less than about
200 m), firstly, in the North Sea and Celtic Seas and, secondly, in the Barents Sea.
Other areas of shelf seas are around Iceland and Greenland.

7

Continental Margins (Shelf, Slope and Rise)
The continental shelves are the gently sloping, flooded edges of the continents
between the land and the open ocean, and can be between a few and 1000 km wide.
Their depths are generally less than 150 m. They are shallower than the area of direct
interest for deep fisheries but can influence the environment of waters beyond the
shelf break through primary production and the export of nutrients, material and
gasses into the deep water.
At the shelf break the bathymetry begins to steepen markedly, delineating the
transition to the continental slope. Slopes by definition are areas of change and
connectivity. The slope lies between the geologically light continental shelf that is
around 200 m deep and the deep continental rise and abyss below 2000-3000 m deep.
By comparison with the majority of the ocean it is a steep habitat, inclined around 4
degrees, which passes through the depths of the main thermocline and can see large
variations in bottom temperature and salinity over relatively short distances. The
continental slopes play a key role in the connectivity of the ocean basins as large scale
currents generally follow bathymetry. The combination of changing bathymetry and
gradients in water column properties from the deep ocean to the shelf means that not
only major currents but key physical processes such as upwelling and tides are
important here for setting the physical environment. The continental rise forms a
transition area where the bathymetry becomes less steep joining the slope into the
abyss.
Abyssal plain and basins
The basins and abyssal plain are removed from the areas of strong gradients in both
depth and properties. In terms of the oceanographic properties in the NE Atlantic,
the key processes that take place in the basins is the formation of water masses.
Ridges and Fracture Zones
The ridges and fracture zones of the NE Atlantic constrain and guide ocean
circulation.
The Greenland Scotland Ridge is predominantly shallower than 500 m with two
main deeper channels, between Faroe and Scotland (about 850 m deep) and between
Iceland and Greenland (about 600 m deep). The shallowness of this ridge constrains
the cold deepwater north of the ridge and below about 500 m the waters north and
south of the ridge are of entirely different characteristics. The two main deep
channels provide a pathway for the deep cold dense water of the Nordic Seas to
enter the North Atlantic where they sink to depth providing one of the sources for
North Atlantic deep water.
The mid-basin ridge in the NE Atlantic can be traced northward from the south of
the Azores to Spitzbergen. The ridge has submarine rises, fracture zones, seamounts
and banks, and volcanic islands. From the MAR, it crosses the Charlie Gibbs Fracture
Zone and onto the Reykjanes Ridge which rises to the south Icelandic shelf. North of
Iceland the shelf meets the Kolbeinsey Ridge to Jan Mayen and the Jan Mayen
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Fracture zone, between the Greenland and Norwegian Seas as Mohns Ridge and the
Knipovich Ridge towards Spitzbergen.
The Charlie Gibbs Fracture Zone at the southern section of the Reykjanes Ridge
provides a deep pathway allowing NE Atlantic Deep Water produced by overflow
between Iceland and Scotland to pass into the western basins of the North Atlantic.
Other fracture zones north of the Azores are the Faraday and Maxwell Fracture
Zones.
Seamounts
Seamounts, knolls and hills extend vertically from the seafloor but are limited in
horizontal extent and have been identified throughout the NE Atlantic (Figure 3).
Seamounts are at least 1000 m high, knolls are 500-1000 m, and hills less than 500 m.
The depth of the summit may be important for the environment above them (White
and Mohn, 2004).

Figure 3. Distribution of seamounts in the NE Atlantic as available in the OSPAR habitat database
available at data.nbn.org.uk. downloaded 25/03/2010

Typically there are a highly complex set of interactions with the environment
depending on many processes or seamount characteristics and include Taylor
Columns or Cones, doming of density surfaces, enclosed circulation cells and
enhanced vertical mixing (White et al, 2007). These were comprehensively reviewed
by White et al (2007) and by White and Mohn (2004) for the OASIS project (Oceanic
Seamounts: An Integrated Study, European Commission Contract No. EVK3-CT2002-00073-OASIS). The wide range of different controls on how a seamount system
will behave (e.g. height and size; water column stratification; variability of flows;
biological processes) led them to conclude that most seamounts require individual
classification to understand the important processes. However they suggest that two
basic dynamical processes can be considered most important, firstly the rectification
and amplification of tidal motions and secondly Taylor Column processes for steady
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flows impinging on the topographic feature (as a water body moves over a change in
bathymetry there is a change in its vorticity, its rate of rotation, which will induce
currents). Additionally jets and eddies can be produced at seamount chains and
oceanic eddies themselves may interact with a seamount (White and Mohn, 2004).
Canyons
Submarine canyons, which can have very steep sides, are cut into the deep
sedimentary layers of the slope up to the shelf providing pathways for shelf material
to the deep basins and plains. Canyons are associated, and have often been formed
over geological timescales by, episodic dense shelf water cascading (DSWC).
Seasonal cooling or evaporation and sometimes reduced riverine input can produce
dense shelf waters (Canals et al., 2006). The canyons can then provide a pathway for
the rapid cascading of these waters and the shelf materials to depth.
Seeps and vents
These habitats cover very small areas of the seabed and are located along mid-ocean
ridges or back-arc basins (hydrothermal vents) or along continental margins (seeps).
Primary production at hydrothermal vents is generated by bacteria through
chemosynthesis. The bacteria are chemoautotrophic and tend to be members of the
most ancient group, the Archaea. At hydrocarbon seeps, the source of energy is
methane-rich fluids of thermogenic and/or biogenic origin.
Carbonate mounds and cold water corals
Carbonate mounds are found at several locations along the margin of the NE Atlantic
between the depths of 500–1,000 m (Figure 4). The mounds vary in height from 50 to
200 m and are between 0.5 and 2 km in diameter (White, 2007). These mounds are a
sediment filled framework principally dead cold-water coral. Living corals on top of
carbonate mounds have been linked to the presence of internal waves and tidal
currents in the water column, and thought likely that carbonate mound structures
are shaped by the local hydrodynamic regime. Mound clusters have an elongated
shape perpendicular to the regional contours and corresponding to the direction of
the highest current speeds (Mienis et al 2007).
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Figure 4 Location of carbonate mounds in the OSPAR habitats database.
data.nbn.org.uk downloaded 25/03/2010

Norwegian Trench and Skagerrak
The Norwegian Trench is not an oceanic trench associated with plate tectonics but
was formed through erosion by ice streams during glacial periods over the last
million years. It cuts into the continental slope northeast of the Shetland Islands to a
depth of 270 m and runs south and east parallel to the coast of Norway reaching the
Skagerrak, a 700 m depression, at its eastern extent between Sweden and Denmark.
A proportion of the current flowing north along the continental slope from the
Atlantic into the Nordic Seas is steered into the trench by bathymetry resulting in a
southward flow towards the Skagerrak along the slope that borders the North Sea. In
the Skagerrak it recirculates northward along the Norwegian coastward side of the
trench mixing with the outflow from the Baltic and runoff from Norway and Sweden
exiting the trench and flowing northward in the Norwegian Coastal Current. Water
deeper than about 500 m is thought to remain isolated for several years with episodic
renewal when surface cooling of neighbouring shallower waters has produced
waters dense enough to sink into the deepest area (Rodhe 1996). Due to its isolation
and high productivity in the surface waters oxygen levels in the deep water and the
storage of contaminants in the sediments are issues of concern in the Skagerrak
(OSPAR 2000a).
1.4. Monitoring the hydrography of the deep North East Atlantic
1.4.1. Methods of monitoring
Standard Hydrographic Sections are the ‘traditional’ method for monitoring the deep
ocean. Measurements are taken from a research vessel of temperature, salinity and
other parameters (including stable isotopes, freons – e.g. CFCs, radionuclides,
oxygen, and nutrients) depending on research interest. The research vessels carry out
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sections (Figure 5) of multiple hydrographic stations where a profiling package is
lowered through the water column.

Figure 5. Icelandic Standard Sections. Since 1970 hydrographic measurements have been made on these
stations four times a year to depths exceeding 2000m, in winter (February/March), spring (May/June),
summer (August/September) and autumn (October/November).[www.hafro.is/Sjora/ downloaded
19/04/10].

These types of measurements have been possible since the last decades of the 19th
Century and over the last century a number of repeat sections became standard. For
the long trans-basin sections the repetition of the standard section maybe as rare as
once per decade, while a few have become as frequent as once every 2 years and are
performed by international research programmes. Shorter sections relatively close to
the continental shelf can have a monitoring programme that requires repetition twice
a year or seasonally (e.g. the Icelandic Standard Sections – Figure 5). The strengths of
the standard section approach are (1) high quality repeated data, (2) high vertical
resolution, and (3) wide spatial extent. Weaknesses are the regional coverage,
temporal resolution and effort/costs. It also remains difficult to make measurements
near the seabed and to resolve water column features at steep slopes. Standard
sections sample the properties of the deep ocean very well but observing its
movement is more difficult, not least because the platform itself is moving.
Measurements of the deep velocity field are now possible using lowered
instrumentation but the most used methodology indirectly determines volume
transports based upon variations in the ocean density as determined by temperature
and salinity. Extensions to the traditional ship-based survey are those made by
powered autonomous vehicles carrying a package of sensors.
Moored monitoring systems
Monitoring programmes of this type are diverse, and the types of measurements
tend to be targeted at the particular process that is being monitored. Types include
bottom landers, weather ships (continuously anchored ships) and in-line moorings.
Strengths to this approach are the ability to focus on a particular process of interest
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and the frequency of observation which is limited only by instrument capability and
battery life. Some moored systems allow continuous data retrieval via satellite if
there is a surface component to the moored system, however data from most moored
monitoring of the deep ocean can only be accessed when the instruments are
physically recovered. The major disadvantages of these systems tend to be the
infrequent supply of data, their spatial limitation and damage or loss of
instrumentation.
Subsurface Floats take the Lagrangian approach which means making observations of
the ocean by moving with it. A float is designed to be neutrally buoyant at the depth
of interest and parameters can be monitored as it moves. Tracking of its location can
be done either at depth by acoustics or by making floats that can vary their buoyancy
and return to the surface to be tracked by satellite. Initially floats were designed to
measure the ocean flow field but modern floats provide a platform for other
hydrographic measurements (e.g. temperature, salinity, oxygen) and data is sent
back via satellite. The advantages of float based monitoring are the potential for
global coverage, continual direct data supply, ease of deployment, power of analysis
for large groups of floats, horizontal resolution at target depth and vertical resolution
during surfacing and sinking and cost. Disadvantages are that they can be lost and as
they only measure where they are taken by the ocean. Observations near boundaries
can be more difficult as can targetting the observations to spatially limited processes
or systems. Strong quality control and calibration protocols are needed for
instruments that are not recovered regularly and the movement of floats that sample
at depth and regularly return to the surface include the movement that it is subject to
while surfacing and descending. Full water column sampling by this method is
limited by the depth of buoyancy control by the float.
Gliders – are a relatively recently developed instrument platform for measuring the
internal ocean. By shifting their internal mass and adjusting their buoyancy, gliders
are able to navigate rather than drift with the current. They operate independently of
ships but communicate via satellite to enable data upload and mission planning and
updating. The design of gliders enables them to have very low power consumption
allowing them to be deployed for months at a time. Glider programmes are in their
early stages in the NE Atlantic making measurements of the upper 1000 m of the
water column.
Acoustic Tomography - variations in the temperature of the ocean causes changes in
the speed of sound, tomography uses this effect to estimate the average temperature
of areas of the ocean by measuring the time that acoustic signals take to travel from a
sound source to a receiver.
Satellite Remote Sensing – direct observation of the deep ocean hydrography is not
possible from satellites, however by measuring variations in the sea-surface height,
satellites can help to determine the deep circulation. Their measurements of surface
properties are also used as one of the data inputs operational forecast models that do
help to estimate the state of the internal ocean.
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Operational oceanography – combines observational data, often in near real-time, with
forecasting models and optimal analysis techniques to estimate the state of the sea at
present, in the near future and in the past. In general operational oceanography
includes a rapid and open dissemination of products that are of direct use to marine
users.
1.4.2.

Programmes

Deep ocean hydrography is not generally monitored for any statutory or regulatory
mechanism such as that for contaminants or fisheries statistics in an ICES or OSPAR
context. Monitoring here is generally of the form of long-term sustained
observations, as input to national meteorological programmes, research programmes
or under the auspices of ad hoc national and international programmes. A number of
initiatives, some formal, others informal, coordinate different components of the
observational programmes at an international level.
ICES Working Group for Oceanic Hydrography (WGOH) standard sections (Figure 6)
from the various national programmes are reported annually and encompass the
subpolar domain focused in the NE Atlantic and Nordic Seas. Most, though not all,
of the sections are surveyed annually and some are sampled on a quasi seasonal
basis (e.g. the Icelandic Standard section programme, Figure 5). The longest period
that the sections have been sampled over is about 100 years but in general the longer
series began in the 1960s and 1970s and some have only been sampled regularly for
the last decade.

Figure 6. Standard Sections reported to the ICES Oceanic Hydrography Working Group

WOCE The World Ocean Circulation Experiment (WOCE) was a part of the World
Climate Research Programme (WCRP) which used resources from nearly 30
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countries to make in-situ and satellite observations of the global ocean between 1990
and 1998 and to observe poorly-understood but important physical processes. The
WOCE datasets in themselves provide a consistently quality controlled snapshot of
the deep ocean from that decade but also a continuation of many of the previously
sampled sections and a baseline for future studies. Of particular interest for our
understanding the environment for deep water fish are the datasets they collected
from hydrographic sections (Figure 7), moored current meters and subsurface floats.
These data are described and made available through the WOCE Data Information
Unit (http://woce.nodc.noaa.gov/wdiu/index.htm ).

Figure 7. WOCE Hydrographic Sections in the Atlantic from the EWOCE Gallery
(Schlitzer, 2000).

JCOMM - The Observations Programme Area (OPA) of the UN Joint WMO-IOC Technical
Commission for Oceanography and Marine Meteorology (JCOMM) has responsibility for the
development, coordination and maintenance of moored buoy, drifting buoy, ship-based and
space-based observational networks and related telecommunications facilities. It also
monitors the efficiency of the overall observing system and, as necessary, recommends and
coordinates changes designed to improve it. It has inherited lead responsibility for a number
of important and well-established observational programs, which are managed by bodies that
now report through JCOMM. Of particular interest for DEEPFISHMAN are Argo,
OceanSITES and GO-SHIP. (www.jcomm.info).
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GO-SHIP Since the completion of WOCE there has been little formal international
organisation of global repeat hydrographic sections. A strategy has been developed
recently under the Global Ocean Ship-based Hydrographic Investigations Program
(GO-SHIP, Hood et al, 2009) that will develop formal international agreements for a
sustained international repeat ship-based hydrography program.
Argo is a global array of about 3,000 free-drifting profiling floats (Figure 8) that
measure the temperature and salinity of the upper 2000 m of the ocean. Every 10
days each Argo float completes a measurement cycle transmitting data back to the
ARGO programme which is then made public within hours as a ‘real-time’ quality
controlled data product and later as a delayed mode data stream following further
quality control. During the 10 day cycle the float drifts for 9 days at about 1000 m
following the pathway of the currents at that depth, it then sinks to about 2000 m to
begin a profile of measurements over a 10 hour ascent to the surface where it can
transmit data and 10 hours later sinks back to its drifting depth (www.argo.net)

Figure 8. The ARGO float network in April-May 2010 showing the positions of the 3255 floats that have
delivered data within the 30 days prior to 9th May 2010. From www.argo.net.

OceanSITES is a coordinating programme for the UN Joint WMO-IOC Technical
Commission for Oceanography and Marine Meteorology (JCOMM). OceanSITES
brings together multiple international deep-sea mooring programmes (Figure 9)
making a system of long-term, reference stations measuring dozens of variables and
monitoring the full depth of the ocean from air-sea interactions down to 5,000 m,
complementing satellite imagery and ARGO float data by adding the dimensions of
time and depth.

16

Figure 9. One of the mooring arrays that contributes to the OceanSITES network is across the Fram
Strait, maintained by Germany and Norway at the Alfred-Wegener-Institut für Polar- und
Meeresforschung (AWI), the Nansen Environmental and Remote Sensing Center (NERSC), and at the
Norwegian Polar Institute (NPI). Here Spitsbergen is on the right, the east Greenland shelf is on the left,
a nominal temperature section shows the warm inflow of Atlantic water into the Arctic in th eWest
Spitsbergen currnet and the southward flowing polar waters on the Greenland shelf. The mooring
array includes current meters and temperature- salinity loggers as well as a more experimental
tomographic array that can ’remotely’ by acoustics measure the integrated heat content in the section.
(From www.oceansites.org/network/index.html Atlantic Ocean Sites Descriptions 2009)

GODAE/MyOcean- Observations of the world ocean have to be combined with ocean
model estimates to provide a view of the ocean’s state at any particular time. The
models allow assimilation and integration of complex information in a way that is
consistent with current knowledge of ocean physics and dynamics. The Global Ocean
Data Assimilation Experiment (GODAE) completed its work in 2009 and had a vision
to establish operational oceanography as “A global system of observations,
communications, modelling and assimilation, that will deliver regular,
comprehensive information on the state of the oceans, in a way that will promote and
engender wide utility and availability of this resource for maximum benefit to the
community". (http://www.godae.org/). In the EU the FP7 Programme MyOcean is
progressing the operational oceanography experiments into an integrated panEuropean capacity for Ocean Monitoring and Forecasting. Currently they provide a
gateway to multiple other sources of information (see examples Mercator-France and
TOPAZ-Norway in Figure 10 a and b). At the end of 2010, MyOcean aims to have a
single and reliable entry point to users and a direct access to all products, that will
cover the whole globe, at any depth, at anytime (short term forecast, and hindcasts of
the last 25 years) that is open and free to access.
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Figure 10a. Temperature and Salinity at 1000m in the North Atlantic from the 27th January 2010 Analysis
in the Mercator operational oceanography system 1/12° Atlantic and Mediterranean Model (lower
resolution models 1/4° and 2° are also available covering a global domain, including the Nordic Seas
and Arctic) www.mercator-ocean.fr.

Figure 10b. Temperature at 700m in the
Nordic Seas and NE Atlantic from the 1st
March analysis of the TOPAZ system
http://topaz.nersc.no/

Barents Portal – a recent initiative has developed a joint Norwegian-Russian
environmental data portal for the Barents Sea called BarentsPortal
(www.barentsportal.com) as a support to environmental status reporting. This portal
takes an integrated approach including abiotic (hydrography, chemistry etc) and
biotic (seabird, fisheries etc) monitoring that allows a full ecosystem assessment to be
made. In particular for hydrography they include 7 standard sections that have been
sampled for many decades (Figure 11).
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Figure 11. Barents Sea Standard Sections all of which collect T and S data, some of which also monitor
nutrients and plankton. A is fixed station Ingøy(1936-1944, 1968-present), B is Fugløya-Bear Island (since
1977, 6 times per year), C is North Cape-Bear Island (since 1929, varying frequency), D is Vardø-North
(since 1977, 4 times per year), E is Kola (since 1900, varying frequency), F is Sem Island-North(since
1977, intermittently), G is Kanin section (since 1936, varying frequency) and H is Bear Island-East (since
1936, varying frequency). www.barentsportal.com.

Global datasets- There are a number of initiatives by the international science
community that aim to bring together as much of the hydrographic data collected as
possible, quality control them and make them available as a coherent dataset. The
principal of these are the World Ocean Database and its associated World Ocean
Atlas produced by the US National Oceanographic Data Center
(www.nodc.noaa.gov/OC5/indprod.htm). The latest updates of these were made in
2009 and are referred to as WOD09 and WOA09 (Boyer at al 2009) where the WOA
shows the average and statistics of data within the database for chosen parameters
and locations.
A further step on are attempts to analyze these sparse data to form gridded fields. In
2007, Ingleby and Huddleston described the methodology used to produce quality
controlled subsurface temperature and salinity data that is used to produce the EN3
dataset (http://hadobs.metoffice.com/en3/). This dataset includes the monthly
observed ocean temperature and salinity profiles taken by standard hydrography
and by floats since 1950 with an assessment of data quality and also the objective
analyses of all these data.
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1.5. General hydrography of the deep NE Atlantic
1.5.1. Water column hydrography (Temperature and Salinity)
Our interest in waters deeper than about 200m in the NE Atlantic straddles upper
and deep circulations, and due to variability in the structure of the water column a
given depth maybe associated with the deep, intermediate or shallow circulation
depending on where it is in the region.
Deep waters are separated from the surface by the permanent thermocline which is
the part of the water column where temperature changes strongly with depth. Above
the main thermocline the water column changes seasonally. In the winter time strong
heat loss due to wind and cold air temperature forms a thick mixed layer (Figure 12).
In the Labrador Sea and Nordic Seas the main thermocline is weak and the winter
mixed layer here can produce deep convection forming new deep water. In the main
North Atlantic the winter mixed layer can be deeper than 600 m in the Rockall
Trough, Iceland and Irminger Basins, and mixing deeper than 200 m extends into the
Bay of Biscay. The thick layers of water formed above the main thermocline by
winter-mixing contribute the volumetrically dominant water masses of the upper
and intermediate North Atlantic circulation.

Figure 12. Areas where the depth of winter mixing in the NE Atlantic (not including the Nordic Seas)
was found to be greater than 200m by McCartney and Talley (1982).

Most of what we know about the interior circulation of the ocean has been deduced
by understanding water masses. The concept of water masses relies on the idea that
once a water type is formed by interaction with the atmosphere in a given location it
will conserve some of its properties once it is no longer in contact with the
atmosphere. The two properties that generally define water masses are its
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temperature and salinity, which are set at the surface by heating, cooling,
evaporation, precipitation and mixing but are conserved once the link to the surface
is broken. Each water mass is modified by mixing with other types of water as it
circulates the ocean but the properties of the mixed water can allow an analysis to
deduce the component water masses as a fingerprint of the waters origination.
Each region of interest has particularly important local water masses. The
nomenclature even for a particular watermass can change depending on the region,
pathway or process of interest but generally only if it has undergone a transforming
process. So for example upper Norwegian Sea Deep Water is called Faroe Shetland
Channel Bottom water in the Faroe Shetland Channel, it becomes Iceland Scotland
Overflow water as it passes over the sill of the Faroe Bank Channel and then becomes
North East Atlantic Deep Water on its path to the Labrador Sea, and as it passes
south along the western boundary under the Gulf Stream it can be referred to as
lower North Atlantic Deep Water.
Figures 13 – 16 below present sections of the water column properties from the south
to the north of the NE Atlantic that illustrate the properties of the deep ocean (note
that in Figures 13 - 15 the colour scales are different, scaling the variation seen across
the section but for temperature the contour interval is 1 °C in each of the upper
panels).
In the 1990s the World Ocean Circulation Experiment conducted a series of sections
across the World’s Oceans (apart from the Nordic Seas and Arctic) giving a snapshot
of the oceanographic conditions. In Figure 13 we show section A03 taken in October
1993 along 36 °N between southern Portugal and the USA (Schlitzer, 2000). This
section shows the properties of the water column close to our southern boundary of
the NE Atlantic. From east to west (right to left on the page) the section crosses the
Iberian Abyssal Plain, then the MAR south of the Azores entering the western basin
of the North Atlantic. The most prominent feature of the section below 200 m is the
out flow from the Mediterranean as thick homogeneous warm, saline, low oxygen
water that penetrates at 1000 m depth across to the MAR. The western basin below
about 1500 m is filled with North Atlantic deep water originating in the NE Atlantic
and Labrador Sea and most easily identifiable as the spreading deep oxygen
maximum. The MAR limits the extent of this water in the eastern basin but its
influence can be seen penetrating into the eastern basin at about 2500 m but the
deepest water here is older water originating in the south.
Figure 14 shows WOCE section A24S (the southern legs of A24) taken in June 1997
between Ireland, the Azores and East Greenland (Schlitzer, 2000). This section
crosses the Porcupine Abyssal Plain southwest towards the Azores and theMAR then
heads north across the southern parts of the Reykjanes Ridge and Irminger Basin
towards Cape Farewell. The section captures an influence of Mediterranean outflow
at about 1000 m and the surface high salinity core of the North Atlantic Current at 2530°W. West of 30°W in the leg towards Cape Farewell stratification weakens
considerably and Labrador Sea Water (LSW) dominates the water column between
1000 m and 2000 m. The MAR constraints depth of the influence of the LSW in the
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eastern leg of the section where it forms a thick lens across to Porcupine centred at
2000 m. The overflow water from the Denmark Strait is clear in the cool, fresh, high
oxygen water with contours laying against the deep East Greenland Slope at about
3000 m. The deepest water in the eastern basin is of southern origin.

Figure 13. WOCE Section A03 taken in October 1993 along 36 °N between southern Portugal and the
USA. Parameters shown are: Potential Temperature (° C, upper panel – potential temperature, is the
adjusted temperature that the water would be at atmospheric pressure), Salinity (middle panel - without
unit), dissolved oxygen (lower panel - µmol/kg). Figure modified from eWOCE Atlas (Schlitzer, 2000)].
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Figure 14. WOCE section A24S (the southern legs of A24) taken in June 1997 between Ireland, the
Azores and East Greenland. Shown parameters are Potential Temperature (° C, upper panel – potential
temperature, is the adjusted temperature that the water would be at atmospheric pressure), Salinity
(middle panel - without unit), dissolved oxygen (lower panel - µmol/kg) [Figure modified from eWOCE
Atlas (Schlitzer, 2000)]

Figure 15 shows WOCE section A24N (the northern leg of Cruise A24) taken in June
1997 between Scotland and East Greenland (Schlitzer, 2000). This section crosses the
three basins immediately south and west of the Greenland Scotland Ridge; northern
Rockall Trough, the Iceland Basin; and the Irminger Basin. The influence of the
Mediterranean outflow that was evident further south is not present in this section.
The overflow water from the Denmark Strait is clear in the cool, fresh, high oxygen
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water with contours laying against the Greenland slope. The pathway and
modification around the Reykjanes Ridge of overflow from the Faroe Bank Channel
can be seen in the waters between 2000 m and 3000m on the flanks of the ridge.
Labrador Sea Water can be seen in a thick lens between 1000 m and 2000 m in the
Irminger Basin, between 1500 and 2000 m on the eastern side of the Iceland Basin and
in the waters at the bottom of the Rockall Trough. The waters in the trough between
Rockall and Hatton Bank appear to be particularly warm, saline and low in oxygen.
The waters of the subpolar gyre are progressively cooler and fresher in each of the
basins northward, but the influence of its northern limb, the Irminger Current, can be
seen deeper than 500 m in temperature, salinity and oxygen as it flows southward
above the upper East Greenland continental slope.
Figure 16 shows a section from the Nordic Seas which was not covered by the main
WOCE programme. The section runs along 74.5°N, between the Barents Shelf near
Bear Island at 18.5°E, and the East Greenland Shelf, 14.6°W, observed in June 1999
(Blindheim and Østerhus, 2005). From the east it descends from the Barents Sea into
the shallow, narrow, northern limit of the Norwegian Sea, crosses the Knipovich
Ridge into the deepest part of the Greenland Basin of the Greenland Sea and up onto
the East Greenland slope. Water that originated in the North Atlantic flows north
along the eastern boundary in the upper 400 m. The recirculation of this water as
Return Atlantic water is also visible in the relatively salty core above the Greenland
Slope. Arctic Intermediate waters spread across the whole section beneath the
Atlantic waters to around 1100m (Blindheim and Østerhus, 2005). Between 2000 m
and 3000 m at either end of the section and over the ridge are high salinity waters
deep waters that have entered the Nordic Seas from the Arctic, while the deep parts
of the basin are filled with the local product of deep convection, the Greenland Sea
deep water.
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Figure 15. WOCE section A24N (the northern leg of Cruise A24) taken in June 1997 between Scotland
and East Greenland. Shown parameters are Potential Temperature (° C, upper panel – potential
temperature, is the adjusted temperature that the water would be at atmospheric pressure), Salinity
(middle panel - without unit), dissolved oxygen (lower panel - µmol/kg) [Figure modified from eWOCE
Atlas (Schlitzer, 2000)]
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Figure 16. Potential temperature (°C), salinity, dissolved oxygen (µmol kg-1), and silicate concentration
(µmol kg-1) along 74.5°N, between the Barents Shelf near Bear Island, 18.5°E, and the East Greenland
Shelf, 14.6°W, observed in June 1999. (Figure 5 from Blindheim and Østerhus, 2005).

1.5.2.

Currents and circulation

The circulation of the NE Atlantic is dominated by the North Atlantic Current (NAC)
and the modification of its waters as they travel around the basins, following a path
largely influenced by the bathymetry and forced by interaction with the atmosphere.
The Sections shown in Figures 1, 13-16 also demonstrate the depth of influence of the
North Atlantic Current waters to extend deeper than the 200 m level that we have
recommended be taken as the upper limit of deep water. Gulf Stream waters supply
the North Atlantic Current off of Newfoundland. Moving eastward the path of the
NAC crosses the MAR over the fracture zones and then splits turning north and
southward (Figure 17). The southern path makes the northern limb of the subtropical
gyre supplying waters to the south of the Bay of Biscay.
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Figure 17. Modified from Stramma et al 2001, schematic circulation scheme for the upper circulation of
the North East Atlantic. FC- Florida Current; GS- Gulf Stream, NAC- North Atlantic Current; AzCAzores Current; CaC- Canaries Current; IC-Irminger Current; EGC- East Greenland Current; WGCWest Greenland Current; LC- Labrador Current.

The northern path joins surface waters from the Labrador Sea and can be thought of
as the source for the entire subpolar gyre and Nordic Seas, and as the ‘warm’ water
supply to the Atlantic Overturning circulation. This path splits southwest of Rockall
Bank and re-circulates either within the Atlantic in the Irminger Current itself or via
a long pathway through the Nordic Seas. Both the long and short routes region in the
East Greenland Current south of the Denmark Strait before entering the Labrador
Sea. These warm waters are transformed by cooling and freshening along their
pathway north. Where they become dense enough in this transformation they sink to
depth and flow southward forming the overturning circulation. The major sinking
regions are in the Nordic Seas and in the Labrador Sea.
The pathway south for the deep water from the Nordic Seas is constrained by the
depth of the Greenland Scotland Ridge. This water overflows mainly through the
two deepest breaches in the Ridge through the Denmark Strait into the Irminger
Basin or via the Faroe Shetland Channel, through the Faroe Bank Channel and into
the Iceland Basin. Some, but much less, of this water does pass over the WyvilleThomson Ridge into the Rockall Trough and over the Iceland Faroe Ridge
supplementing the Faroe Bank overflow in the Iceland Basin. From the Iceland Basin
the deep waters follow a path south along the Reykjanes Ridge, through the deep
fracture zones at its western extent and then around the Irminger Basin, joining the
Denmark Strait overflow along the East Greenland Slope and entering the Labrador
Sea. Here further deep overturning takes place and a third, the lightest and
shallowest, deep water joins the water that originated in overflow at the Denmark
Strait (deepest and densest), and those that passed through the Faroe Shetland
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Channels. As these deep waters leave the Labrador Sea at depth following the North
American Continental Slope they become the North Atlantic Deep Water, which
passes through the entire world’s oceans gradually transforming through mixing
until it reaches the surface North Atlantic once again. Deep water in the North
Atlantic is also present that originates in the Mediterranean Sea and in the Antarctic.
The Mediterranean water spreads westward below the North Atlantic Current
forming a warm, salty tongue out towards the Azores that is easily recognisable in
profiles of temperature and salinity (see Figure 13). It also spreads north into the Bay
of Biscay and Rockall Trough but stays south of the Wyville-Thomson Ridge as it is
too deep to cross it. Water from the Antarctic spreads into the eastern and western
basins of the North Atlantic as deep bottom water from the south. Its extent north of
about 50° N is limited by the shoaling bathymetry and it is transformed by mixing to
form a small component of the deep North Atlantic Water (Figure 18).

Figure 18. Modified from Stramma et al 2001, cartoon circulation scheme for the deep circulation of the
North East Atlantic ocean dashed lines show the pathway for waters of Antarctic origin.

1.5.3.

pH and CO2

The uptake of CO2 from the atmosphere by the ocean and the resulting affect this can
have on the pH of sea water have become an important area of investigation.
Recently OSPAR (2006) identified the mesopelagic zone (~200-1000 m) as a priority
area for study of the effect of changing pH.
If the partial pressure of CO2 (pCO2 – partial pressure is the contribution of a
particular gas to the total gas pressure) in the atmosphere is higher than in the
surface of the sea then CO2 will be taken in by the sea. The wind and sea state affect
the rate at which this happens. The pCO2 of the surface mixed layer generally follows
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that of the atmosphere on time scales longer than a year. Ocean currents, vertical
exchange processes and biological processes that transform carbon between the
organic and inorganic, affect the exchange of CO2 between ocean and atmosphere
and where it is stored (OSPAR, 2006).
Weak stratification and the overturning circulation pattern result in the water
column of the NE Atlantic holding the greatest total anthropogenic carbon globally
(Sabine et al., 2004). Surface currents from the south transport CO2 into the region
and deep mixing and overturning takes this surface signature to depth. (OSPAR,
2006; Lundberg and Haugan, 1996).
Acidification – Ocean uptake of anthropogenic CO2 has buffered climate change by
reducing the atmospheric concentration of this important greenhouse gas. However
when the CO2 is absorbed by surface sea water the concentration of the bicarbonate
ion (HCO3-) increases, while the amount of carbonate ions (CO32-) and pH of the
surface ocean waters decrease. This has already had a significant impact on ocean
chemistry, with estimates of mean surface ocean pH decrease of ~0.1 (equivalent to a
~30% increase in hydrogen ion (H+) concentration), from a value of ~8.18 around the
time of the industrial revolution (Caldeira & Wickett, 2003; Figure 19). The major
immediate effect is at the surface in terms of direct pH change but this spreads to
depth with time, and at depth the major impact on ecosystems will be through
changing saturation horizons (Turley et al, 2009).

Figure 19. Projected changes in
ocean pH from a model scenario of
continued use of all known fossil
fuel reserves. (Reproduced from
Caldeira & Wickett 2003).

1.5.4 Saturation Horizons
The depth at which aragonite and calcite, the two forms of calcium carbonate
minerals, stop being formed and start to dissolve is known as the saturation horizon.
Aragonite is the more soluble form and the aragonite saturation horizon (ASH) is
shallower than the calcite saturation horizon (CSH). The depths of these horizons
naturally vary within the oceans, the ASH is generally shallower in the North Pacific
(< 600m) than in the North Atlantic (>2000 m - Figure 20; Orr et al 2005; Guinotte et
al., 2006). Continued uptake of anthropogenic CO2 by the ocean is making the ASH
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shallow, although this varies with location and season. Under two scenarios for the
future: greenhouse gas emissions (IS92- a continually increasing emissions scenario
and S650- stabilization at 650ppm CO2 scenario), Orr et al (2005) estimate that the
ASH will have shoaled by more than 700 m by 2100. Upwelling regions may be
vulnerable to the shallowing saturation horizons with the potential for undersaturated water to be brought upward (Turley et al 2009).

Figure 20. The Atlantic average aragonite saturation state anomaly (Δ[CO32-]A) by 2100. The anomaly
calculates the difference between in situ CO32- and that for aragonite equilibrated sea water at the same
salinity, temperature and pressure. The average is zonal of the median concentrations from a suite of
climate models (OCMIP-2) under emissions scenario IS92a. Thick lines indicate the ASH in 1765
(Preind.), 1994, and 2100 (2100S-S650 stabilization scenario; 2100 I –the IS92a continually increasing
emissions scenario) (from Orr et al 2005).

Of particular interest in the deep NE Atlantic, it is thought that the prevalence of cold
water corals in the region and on seamounts is partly possible due to the depth of the
ASH (Guinotte et al. 2006; Clark et al. 2006).
The growth in interest in acidification pH of oceanic water has been recent and rapid
and in the deep waters of the NE Atlantic there are very few long-term observations
of pH. A recent study of observations in the Iceland Sea was able to evaluate pH over
the period 1994–2008 for deep-water (Figure 21). They found that pH has decreased
in the water deeper than 1500 m, but at a quarter of the rate of acidification of the
surface waters. The aragonite saturation horizon is currently at 1710 m but shoaling
at 4 myr−1 and the authors estimate that this will expose a further 800 km2/year of
Iceland Sea seabed to under-saturated conditions (Olafsson et al 2009).
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Figure 21. Time-series from the Iceland Sea pH (upper panel) and Aragonite Saturation Omega (lower
panel), where Omega <1 represents under-saturation. Reproduced from Olafsson et al 2009.

1.5.5 Fronts and Eddies
Oceanic fronts are the persistent boundaries where waters of contrasting properties
converge. Fronts are strongly related to the mean flow of current systems and can be
thousands of km long but tens of km across. In the NE Atlantic the southern
boundary of the Sub-polar Gyre along the path of the North Atlantic Current forms
the Sub-polar Front while the northern boundary of the Sub-tropical Gyre along the
path of the Azores Current is the Azores Front. The Iceland Faroe Front lies along the
Greenland Scotland Ridge bounding the northwestward flowing warm saline
Atlantic waters in the Sub-polar gyre from the cool and fresh Arctic waters flowing
southeastward in the Iceland and Norwegian Seas. A front in the Nordic Seas
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between the inflowing Atlantic water and the Arctic water lies along the path of the
Norwegian Atlantic Current once it has passed through the Faroe Shetland Channel.
The strong gradients across fronts also make them unstable that can produce eddies.
Mesoscale eddies are circulating rings, 20-200 km across, of water that remove
energy from the mean flow and mix waters of contrasting properties. As regions of
convergence and mixing between waters of different properties both fronts and
eddies can act as areas of high production. OSPAR (2000b) noted the influence of
eddies can extend as deep as 1500 m and at the seafloor they can contribute to the
occasional periods of intense bottom currents (30 – 40 cm/s; Klein, 1988).
A meddy is a particular type of eddy in the southern part of the NE Atlantic that
forms and moves at about 1000m depth. They are made up of the Mediterranean
Water that crosses the Gibraltar Strait and sinks to 1000m due to its salinity making it
denser than the ambient Atlantic Ocean Water. In the Iberian Basin the majority drift
south-westwards but a few have been identified moving northwards and have been
encountered as far north as 44° N (OSPAR 2000b).
1.5.6 Tides and local dynamic processes
The rotation of the Earth and the gravitational interaction between the Sun, Moon
and Earth generate the tides in the form of long waves that manifest themselves by
rising and falling water levels of 1-10 m near the coast daily (diurnal) or twice daily
(semi-diurnal). In the open ocean the height of the tide is up to about 1m (Figure 22)
and the direct tidal currents associated with this ‘sea-level’ tide are relatively small.
In the deep water the ‘internal’ tide tends to be more important than the ‘sea-level’
tide. The internal tide is generated by tidal forcing and propagates as waves along
the density interfaces (e.g. the thermocline) at tidal frequencies. These oscillations of
the internal boundaries of the ocean can be hundreds of metres in amplitude, can
interact with the bathymetry leading to strong deep circulations and can provide a
source of mixing when they become unstable and break. OSPAR (2000b) noted
internal tides to the west of Porcupine Bank can generate currents, which can exceed
40 cm/sec and erode the sediments. Dorschel et al (2007) suggests the interaction
between strong tidal flows (up to about 40cm/s) at depth and sediments at ~800 m in
the eastern Porcupine seabight can be important for the development of cold-water
coral mounds.
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Figure 22. Height in cm of the principle semi-diurnal lunar tide M2 from the FES1999 model –from the
Laboratoire d'Etudes en Géophysique et Océanographie Spatiales- This model combines hydrodynamics
with data from tide gauges and satellite altimeters.
(http://www.aviso.oceanobs.com/en/news/idm/2000/oct-2000-sun-and-moon-shape-tides-onearth/index.html)

The dynamical properties of flows across isolated topography can also lead to
particular local circulations and changes in the water column structure. Steady flows
can lead to Taylor column type circulations while more complex theory is needed for
unsteady flows and tides (the theory and properties of freely propagating trapped
waves at isolated topography). Both are reviewed in White and Mohn (2004), while
here we briefly describe the simpler of the two.
A Taylor column is set up, in theory, when a current dynamically unable to cross
isobaths meets a topographic obstacle like a seamount. A theoretical column of water
flowing across the mount initially compresses and stretches, changing its vorticity
and inducing additional rotation to the circulation [for a good simple explanation see
White et al 2007, including pictorial description of this concept in their Box 4.1]. The
resulting circulation follows the isobaths and retains water. The ocean in reality
cannot meet the dynamical constraints for theoretical Taylor column flow, but a
complex picture evolves mainly depending on the strength of the flow, the geometry
of the obstacle and how stratified the background ocean is. For strong Taylor column
type circulations, strong flows and weak tidal variability are needed and found in
few locations and the geometry of the seamount itself is another critical factor (White
and Mohn, 2004).
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1.5.7 North Atlantic Oscillation
The North Atlantic Oscillation (NAO) is the dominant mode of atmospheric
variability in the North Atlantic, accounting for 44% of the variance in winter
(December-March, DJFM, is defined as the winter season and the year given by
January; Figure 23) sea-level pressure (SLP) in the last century (Hurrell, 1995).

Figure 23. Average Sea Level Pressure in winter (December-March) over the North east Atlantic and
Nordic Seas for 1971 to 2000, clearly showing the Iceland Low and Azores High. Anomalies to this
pattern are associated closely with the NAO where a deeper Iceland Low or higher Azores High lead to
positive NAO index, with negative NAO associated with the opposite pattern. (NCEP/NCAR
Reanalysis data from NOAA-CIRES Climate Diagnostics Center: www.cdc.noaa.gov/Composites).

Strong positive or negative wintertime NAO has a clear effect on ocean and
ecosystem response NAO due to its control of the fluxes between ocean and
atmosphere of the factors that alter the ocean’s properties and its circulation. Firstly
the momentum flux through windspeed and direction, secondly the freshwater flux
through evaporation minus precipitation and thirdly the heat flux (Visbeck et al,
2003).
In 2003 Visbeck and co-authors comprehensively reviewed the oceans response to
NAO variability, and found evidence reporting both slow and fast responses. They
reported the findings of strengthened the circulation of the upper 2000m in the North
Atlantic (Curry & McCartney, 2001). In particular they summarized the literature
that examined the NAO influence on changes in the Nordic Seas and Labrador Sea.
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Dickson et al (1996) found evidence for changing phase of the NAO from negative to
positive had increased convection in the Labrador Seas. For the Nordic Seas
increasingly positive trend of the NAO over the 40 years can in some part be
attributable for increased Atlantic inflow and spreading of warmth to the Barents Sea
and Arctic; reduced convection in the Greenland Sea; freshening of the upper 1.5km
of the Nordic Seas, and a the subsequent freshening the deep North Atlantic as this
freshening is transferred by the overflows (Visbeck et al 2003).
1.5.8 Global Warming
Greenhouse gasses (GHG) in the atmosphere regulate the re-radiation of heat out
into space balancing the incoming heating from the sun maintaining the Earth’s
climate through the natural greenhouse effect. Over millions of years conditions
change and major epochs of the world are associated with shifts in the climate. Since
the ice sheets last retreated (10-15 000 years ago) the world has been in a warm
period during which modern society and ecosystems have developed. The use of
fossils fuels since the start of the industrial revolution effectively shortcuts the
geologically slow cycling of carbon.
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC, 2007) states that “most of the observed increase in globally averaged
temperatures since the mid-20th century is very likely [over 90% likelihood] due to the
observed increase in anthropogenic greenhouse gas concentrations.
The depth of mixing in the NE Atlantic and the presence of overflows that can
rapidly take the signal of changed surface processes to depth suggest that the area
may be particularly sensitive to global climate change. However, datasets in the deep
ocean are too short, often incomplete and include interannual to decadal variability
which makes identification of anthropogenic climate change trends very difficult.
The total heat content of the upper 3000m of the worlds ocean increased between
1961 and 2003 and two thirds of this energy was absorbed by the top 700m (IPCC,
2007). Regionally this pattern is not uniform and the IPCC (2007) show a diagram
(their Figure 5.2) that highlights regionally variability in this pattern and that the
Subpolar Gyre lost heat between 1955 and 2003 associated with the NAO trend over
the period.
1.5.9 Upwelling
At its simplest upwelling is the upward movement of water, while sinking water is
downwelling. Downwelling takes oxygen rich surface water to depth while
upwelling brings water rich in nutrients from depth to the well lit areas of the water
column where the nutrients can be used for primary productivity. Upwelling is
driven by interaction between winds, the Earths rotation and the ocean. A wind
blowing across the surface leads to a net transport at 90 degrees to the wind in the
upper ocean in what is called the Ekman layer due to the Earths rotation and in the
northern hemisphere this net transport is 90 degrees to the right of the wind. This
layer is only about 100m deep and in the open ocean away from the Equator does not
lead to upwelling. At the coast however a theoretical wind parallel to the land
produces an Ekman transport in the surface away from or towards the coast. Where
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the transport is away from the coast the light surface water is carried seaward and
replaced by upwelled deep, cold and nutrient rich water (Gill, 1982). The presence of
upwelling can be seen in sections across the shelf break as isotherms bow upward. In
the NE Atlantic this setup is particularly important across the Iberian continental
shelf break and slope. Upwelling and the converse downwelling is also thought to be
important at seamounts caused by the interation between the seamount topography
and the oceans movement (e.g. Taylor column type processes; White et al 2007).
1.6. Conclusions
Deep-water fish live in a set of very diverse environments and are subject to
environmental processes on a wide space and time scale. The zones that they live in
are subject to the long-term forcing of Atlantic circulation and ventilation that will
change the acidity and temperature of the deep sea over the next century. Equally
deep fish are subject to the variations in season through deep mixing and availability
of food supply from the productive layers, and also to the forcings of tides that
influence the mixing and lead to dynamical processes that can drive the habitats
upon which they depend. The timescales range then from tides to decades and the
space scales from that of a carbonate mound to the subpolar gyre.

2. The ecology of deep-sea ecosystems
2.1. Introduction
The marine environment is a diverse and complex habitat for the growth of
organisms, including animals, plants, algae, fungi, protozoa, archaea, bacteria and
viruses. Organisms have evolved to survive in all marine habitats, ranging from the
poles to the equator, and from shallow regions, where sunlight is the principal source
of energy, to the dark deep abyss, where chemosynthesis can supplement what little
solar-derived energy arrives from the surface far above. About 90% of all marine life
lives in the sunlit region.
The rate of solar energy capture in near-surface habitats is critically dependent upon
the presence of phototrophic organisms.
Their population size, and hence
productivity, is in turn determined by the supply rate of growth-limiting nutrients,
which are present mostly in the deep sea, well below the depth of penetration of
sunlight. Physical processes bring nutrients to the surface to fuel photosynthesis and
to sustain life in the ocean. Unlike photosynthetic environments, chemosynthetic
environments depend on organisms capable of deriving energy not from sunlight,
but from the oxidation of inorganic chemicals, such as sulphates or ammonia. These
chemicals are most plentiful around the geologically active boundaries of tectonic
plates and whale carcass falls, therefore, such environments tend to be very localized
and ephemeral.
Many marine macro-habitats can be identified, studied and compared; however, due
to their relatively small size (Rex & Etter, 1998) most marine organisms live in
microhabitats where the physical, chemical and biological properties may be
different from those in the surrounding area. The enormous habitat diversity of the
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global ocean leads to niche and resource partitioning, contributing to high microbial
biodiversity in the sea.
2.2. ‘Key’ abiotic characteristics of the deep sea environment
The ‘deep-sea floor’ is defined as that portion of the ocean bottom beyond the
continental shelf. The continental shelf differs in depth in different parts of the
world; it can be fairly shallow, between 100 and 200m water depth in the NE Atlantic
(Gage and Tyler, 1991) or deeper (400-800m) off Antarctica (the global mean is 133m
– Pinet, 1998). The ecosystems of the deep-sea are broadly divided into those which
relate either to the pelagic or to the benthic zones, which can be further subdivided
according to depth and other physical characteristics as shown in Figure 24. In this
review the focus is on the biology and habitats of the deep benthic and benthopelagic zones. These zones are broadly defined by the bathyal, abyssal and hadal
depths (see Figure 24). The bathyal zone generally corresponds to the limits of the
continental slope, which represents the sloping sea bottom of the continental margin
that begins at the shelf edge and ends at the top of the continental rise or in a deepsea trench (Pinet, 1998). The transition zone between the lower part of the continental
slope and the relatively flat abyssal plain is known as the continental rise and tends
to be located anywhere between 3,000 and 4,000m in depth, which marks the start of
the abyssal zone and the abyssal plain. The abyssal plain ranges in depth between
3,000 and 6,000m, but tends to be found on average at a depth of 4,000m. It is a
relatively flat and featureless landscape covering a vast area of the Earth’s surface,
perhaps as much as 50% of the total surface area. Beyond the abyssal plain lies the
haldal zone, characterised by deep sea trenches which are the deepest places on
Earth. These trenches are created by geological plate tectonic subduction processes
and are therefore generally associated with increased geological activity, giving rise
to submarine volcanoes and earthquakes. Increased geological activity is also
observed around mid oceanic ridges such at the Mid Atlantic Ridge. In both cases,
such geological activities are responsible for creating large seamounts, which are
abrupt ‘eruptions’ of the seabed (often extinct volcanoes) rising several hundred
metres from the seafloor. The deep sea trenches are most commonly found around
the margins of the Pacific and Indian oceans occurring between 6,000 and 11,000m.
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Figure 24. The principal pelagic and benthic ‘provinces’ of deep sea ecosystems. Showing also the
gradients in the ‘key’ environmental variables of light and temperature and gradients in overall levels of
biomass.

The nature of the seabed and its associated habitats are set within this geological and
environmental context. Recent studies have revealed that the deep sea is not the
tranquil, homogeneous environment it was once considered to be and that within
each of the zones described above, there are distinct and dynamic habitats and
biological communities (Gage and Tyler, 1991). Through the use of modern acoustic
deep-sea mapping technologies it is now possible to identify and describe the
complexity of seabed features and habitats (e.g., Figure 25).

Figure 25. Sediment waves and Anton Dohrn Seamount (Image: NOCS).
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The combination of physical characteristics – or abiotic factors – of the deep-water
environment is what deep-sea life-forms must contend with to survive. These are
light, pressure, temperature, oxygen and food. The geological setting that defines the
landscape of the deep-sea environment, the substrate type and prevailing deep sea
currents all have an important role in determining the status of such factors, and
their different combinations have led to the fascinating adaptations of deep-sea lifeforms that have become adapted to see, feel, feed, reproduce, move, and avoid being
eaten by predators in those settings.
Variations in the dominant gradients associated with these principal environmental
characteristics which determine the habitats for important deep sea communities are
further described below:
2.2.1.

Light

The layer of water that is exposed to sufficient sunlight for photosynthesis to occur is
known as the photic zone. The depth of the photic zone (or euphotic depth) can be
greatly affected by seasonal turbidity. Typical euphotic depths vary from only a few
centimetres in highly turbid eutrophic estuaries, to around 200m in the clear open
ocean. This lower depth limit coincides approximately with the point of the
continental shelf break and is called ‘daytime depth of the deep scattering layer’. The
scattering layer is thought to have a strong influence on the depth distribution
patterns of biodiversity and biomass observed in the oceans. Below the photic zone is
the dis-photic zone, where levels of light are insufficient for photosynthesis, or at
least insufficient for photosynthesis at a rate greater than respiration. The bottom
most zone, below the photic and dis-photic zones, is called the aphotic zone. Most
deep sea ocean waters belong to this zone.
Cleary, light attenuation is a function of water depth, water clarity, surface light
intensity and quality (wavelength). The light attenuation relationship between these
variables has been well studied and is shown in Figure 26.

Figure 26. The attenuation of daylight in the ocean (transmittance) as a function of wavelength, where I:
extremely clear ocean water, II: turbid tropical-subtropical water, III: mid-latitude water and 1-9: coastal
waters of increasing turbidity. The diagram on the right represents the percentage of 465nm light
reaching the indicated depths from the same types of water (Jerlov, 1976).
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2.2.2. Pressure
Considering the volume of water above the deepest parts of the ocean, it is not
surprising that vertical pressure is one of the most important environmental factors
affecting deep-sea life. Vertical pressure increases by 1 atmosphere for each 10m in
depth. On average, the pressure in the deep sea ranges between 200 and 600atm.
Horizontal pressure gradients are also important, although much less in absolute
terms than the vertical pressure gradients, they nevertheless drive the horizontal
flows in the ocean. The horizontal variation in pressure in the ocean is entirely due
to variations in the water mass caused by differences in temperature salinity and
turbidity. Such variations in water mass drive the deep ocean currents which have a
profound influence on the deep-sea biology. Advances in deep-sea technology have
enabled scientists to collect species samples under pressure so that they reach the
surface for study in good condition. Without this technology, the animals would die
shortly after being collected as the absence of pressure would cause their organs to
expand and possibly explode. With good samples, it has been observed that the flesh
and bones of deep sea marine creatures are relatively soft and flaccid, which is an
adaptation to withstand the pressure.
2.2.3. Temperature
The difference in temperature between the photic, or sunlit, zones near the surface
and the deep-sea are dramatic. Temperatures vary more in the waters above the
euphotic depth where thermoclines, or the separation of water layers of differing
temperatures, are more common. Below the photic zone the temperature of the
ocean drops gradually with depth. With the exception of hydrothermal vents where
hot water is emitted into the cold surrounding waters, the deep sea temperature
remains between 0 and 4°C (see Figure 24).
2.2.4. Oxygen
The dark, cold waters of the deep are also oxygen-poor environments.
Consequently, deep-sea life requires little oxygen. Dissolved oxygen is transported
to the deep sea from the surface when the temperature of surface waters decreases,
becoming denser and causing the water to sink. Most of this oxygen-rich water
comes from Arctic regions. Surprisingly, the deep sea is not the most oxygen-poor
zone in the ocean. The oxygen minimum zone lies between 500 and 1,000m, where
there are more organisms that consume oxygen, thus depleting the oxygen during
respiration. In addition, the bacteria that feed on decaying food particles descending
through the water column also require oxygen.
2.2.5. Energy (food)
There are two principal sources of energy which fuel biological communities in deep
sea ecosystems, namely; (i) fixed carbon from photosynthesis, all of which is
imported from the much shallower photic zone (indirect sources of energy), and (ii)
primary production directly derived from chemosynthetic processes not involving
photosynthesis (direct deep sea primary production). Estimates which account for
the overall balance between these two sources of energy in the deep sea environment
are not clear, but recent studies suggest that chemosynthetic sources could be the
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most dominant source of primary production overall in the deep sea environment
(Vanreusel et al 2009), particularly in the abyssal areas which are most distant from
the original photosynthetic sources of primary production.
The only photosynthetic source of carbon in the deep sea is from the production of
phytoplankton in the photic zone, which in turn is largely consumed by the
herbivores, which are then preyed on by the carnivores. A certain amount of the
energy from this food chain reaches the deep sea as a continuous rain of dead
organisms or their products. The quantities of these materials reaching the seabed
declines with increasing depth and the resulting production of benthic invertebrates,
which are very largely dependent on such energy input, could never support the
observed demersal fish populations. The rapid sinking of large, dead organisms to
the sea bed can provide a valuable food source for some scavenging fish species.
However, there is little doubt that the success of the benthopelagic fishes of the
slopes results from the transfer of the energy of surface production downwards, via
the mesopelagic fauna of both fishes and invertebrates. One pathway is via the
overlapping food chains of organisms that occupy specific depth ranges. Many
mesopelagic organisms also carry out daily vertical migrations feeding near the
surface at night and returning to depths of about 1,000m during the day where they
form a deep-scattering layer. Where this downward vertical migration impinges onto
the slope or the sides of seamounts it provides a source of food for demersal fish.
The horizontal impingement of the scattering layer onto the slope or the horizontal
movements of the demersal fish into the scattering layer will also increase feeding
opportunities. It is proposed that the abundance, diversity and peak biomass at midslope depths is a consequence of the efficient transfer of surface production into deep
water via overlapping mesopelagic food chains and the daily or seasonal transfer by
vertical migration (Gordon, JDM in JNCC web report1).
The lack of any photosynthetic primary production in the deep sea is the main reason
the deep sea has relatively low levels of organic carbon and animal biomass
compared to the relatively shallow photic waters of the continental shelf. In the deep
sea, low temperatures and a limited supply of food typically result in relatively low
rates of growth, respiration, reproduction, recruitment and bioturbation in
comparison to shallow-water ecosystems (Gage and Tyler, 1991; Smith and
Demopoulos, 2003). The biomass of deep-sea benthic assemblages is less than that of
shallow-water or terrestrial assemblages because of the low flux of photosynthetic
sources of energy (Smith and Demopoulos, 2003).
Although they lack photosynthetic primary production, deep-sea ecosystems can be
highly dynamic. In the Northeast Atlantic (at the Porcupine Abyssal Plain) large
fluxes of highly labile organic matter arrive at the seafloor following the spring
phytoplankton bloom (Billett et al., 1983). Deep-sea ecosystems react rapidly and
vigorously to this freshly deposited phytodetritus, and it has been linked to the
seasonal variability in reproduction and recruitment in certain species, relatively

1

Website address: http://www.jncc.gov.uk/page-2525
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rapid growth rates, and seasonal growth-banding in skeletal parts of deep-sea
deposit-feeding invertebrates (Gage and Tyler, 1991; Tyler et al., 1992).
Deep-sea creatures have also developed specialised feeding mechanisms because of
the lack of light and because food is scarce in these zones. Some food comes from the
detritus of decaying plants and animals from the upper zones of the ocean. The
corpses of large animals that sink to the bottom provide infrequent feasts for deepsea organisms and are consumed rapidly by a variety of scavenging species. The
deep sea is home to jawless fish such as the lamprey and hagfish, which can burrow
into carcasses, quickly consuming them from the inside out. Some deep-water fish
have large and expandable jaws and stomachs to hold large quantities of scarce food.
These fish don't expend energy swimming in search of food, instead they remain in
one place and ambush their prey.
There are many types of chemosynthetic source of carbon in the deep
sea.Chemosynthetic ecosystems form where chemical energy from subsurface
geological or microbiological processes becomes available at the seafloor.
“Chemosynthesis” means that organisms can utilize chemical energy — in the
form of hydrogen, methane, hydrogen sulphide and iron — to fix CO2 just as
plants do, but without sunlight. The discovery of hydrothermal vents, cold seeps
and gas hydrates in subsurface sediments and rocks showed that significant
ecosystems are fuelled by reduced chemical substances (H2S, H2, Fe) and
hydrocarbons (e.g. CH4). These ecosystems show the highest biomasses and
productivity of all those found in the deep sea. Observation of the European
continental margins using in situ video and photography with deep submersibles
(Vanreusel et al 2009) provides evidence of a wide range of active cold-seep
ecosystems associated with fluid, gas, and mud escape structures. Such structures
often emit methane and other hydrocarbons and are colonized by specific
anaerobic subsurface microbiota which use hydrocarbons as an energy source and
seawater sulfate to respire, thus producing high fluxes of hydrogen sulfide. Most
cold seeps also appear to support highly productive communities consisting of
specialized animals that can cope with elevated concentrations of chemical
compounds and low oxygen levels at and below the sediment-water interface.
Among the most remarkable of the fauna exploiting the abundant chemical
energy of seeps are large worms and mussels storing bacterial symbionts in their
tissues, which provide energy to their hosts. These special chemosynthetic habitats
are further discussed below.
2.3. Deep-sea habitat classification schemes
As the pressure on deep-water ecosystem continues to increase through increased
human activity, so does the need to identify effective management strategies and
tools to sustain its resources. Classification systems are one such tool which has an
important role in management of the marine environment. They were first developed
and applied to manage shallow shelf sea ecosystems (Allee et al., 2000 and Connor et
al., 2004 – see also EUNIS). They divide the marine environment into understandable
distinct units that can be quantified and mapped for planning purposes and provide
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a framework for describing function and sensitivity of habitats. Without such
classifications it is very difficult to know which areas and parts of a marine
ecosystem require protection. The uses of the habitat classification system are broad
and can include spatial planning, predictive modelling of habitats, habitat
management, use in monitoring and conservation strategies, reserve network design,
scientific study and education. These varying uses all have different needs from a
classification system, but specifically in the context of the deep sea, attempts have
been made to extend the classification criteria (see below) into a system for the deep
sea (Greene et al., 1999 Valentine et al., 2005 Auster et al., 2005). Common features or
requirements of any classification system must:
•

be scientifically sound, adopting a logical structure in which the types are
clearly defined on ecological grounds, avoiding overlap in their definition and
duplication of types in different parts of the system, and ensuring that
ecologically-similar types are placed near to each other and at an appropriate
level (within a hierarchical classification);

•

provide a common and easily understood language for the description of
marine habitats;

•

be comprehensive, accounting for all the marine habitats within its geographic
scope;

•

be practical in format and clear in its presentation;

•

focus on the natural community and its physical environment;

•

include sufficient detail to be of practical use for conservation managers and
field surveyors allowing mapping of ecological units, but be sufficiently broad
(through hierarchical structuring) to enable summary habitat information to
be presented at national and international levels or its use by non-specialists;

•

be sufficiently flexible to enable modification resulting from the addition of
new information, but stable enough to support ongoing uses. Changes should
be clearly documented to enable reference back to previous versions (where
possible, newly defined types need to be related back to types in earlier
versions of the classification);

•

accommodate limited data and available technology

•

provide the basis for developing functional links between underlying
mechanisms structuring the ecosystem and the described biological
community.

However, given the unique environmental conditions and vast spatial scales
occupied by deep-sea ecosystems, it is not surprising that the emphasis to date has
been on defining largely physical classification schemes. In a study of the benthic
environment of the deep sea off south eastern Australia, Williams et al. (in review)
applied the hierarchical scheme of Greene et al., 1999 to define 7 levels of habitat
type, each described in relation to mapping by scientific survey, use by its fauna and
commercial fishing, and for the implications of these attributes for marine resource
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managers (see Table 1 below). This classification has many similarities with that
proposed by Global Opens Oceans and Deep Sea habitats bioregional classification
group (GOODS) which recently prepared a report for the Convention on Biological
Diversity Conference of the Parties in Bonn (May, 2008).
2.4. Major bio-morphological features (large mega-habitats)
2.4.1.

Continental slope

Although the continental slope occupies only about 15% of the ocean floor it is
nevertheless biologically the most productive habitat below the shelf and is a major
repository of organic carbon. Research carried out under the Hotspot Ecosystem
Research on the Margins of European Seas (HERMES) project has revealed that open
slopes are hotspots of biodiversity in which species richness is higher than that
reported for bathyal and abyssal plain ecosystems. However, a unique, general
driver capable of explaining the small or local-scale spatial patterns of biodiversity
was not identified. This result is not surprising, considering the multiplicity of
interactions among local ecological characteristics, environmental factors, and
sedimentological conditions (i.e., mud, sand, gravel, rock, or a combination of either)
in each specific slope environment. This complexity probably has considerable
influence on the conditions, allowing settlement of a high number of species. The
patterns of deep-sea biodiversity along the slope are different from those
hypothesized so far, drawing a mosaic of life more complex and varied than
previously imagined (Danovaro et al., 2009).
2.4.2.

Seamounts

There are up to 100,000 seamounts in the world’s oceans with an elevation greater
than 1,000m (Wessel, 2001). However, smaller features are significant in terms of
their influence on species distribution and abundance. As a result, a new definition
of seamounts has been accepted recently by biologists: “protruding irregularities or
bottom features that rise greater than 100m from the sea floor” (Rowden et al., 2005).
Studies have suggested that the biodiversity of seamounts can be high and that there
is a high level of endemism associated with them (De Forges et al., 2000). In the
southwestern Pacific ocean, for example, up to a third of species sampled from
seamounts have been new to science and even adjacent seamounts appear to have
quite different communities of species. In some cases, the high diversity of species is
associated with fragile cold-water corals reefs.
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Table 1. Classification scheme modified after Green et al 1999, and Williams et al (in review) based upon deep-sea habitats off south east Australia.
Classification level

Habitat description

Spatial scale

Relevance to ecology, mapping, use and management

1. Province

Eastern province of south-eastern
Australia large marine domain.
Biogeographic Region

Provincial

Regional ecosystems delimited by biogeographic and physiographic features

2a. Biome

Continental slope (200-1,500m depth
range)

Provincial

Primary division of regional ecosystems by physiography (especially depth) to broadly
define distinct community types and physical environments

2b. Sub-biome

Upper continental slope (200-700m depth
range)

Provincial

Secondary division providing depth boundaries for community structure, and
composition of species and life history stages. Suites of species targeted by particular
fishing methods/fleets

3. Major biogeomorphological
features

Canyons, Terraces, Seamounts, etc.

Large megahabitat
(10-100km)

Boundaries for local ecosystem structures and processes, e.g. topographic features,
enhanced productivity, biological aggregations. Mapping of entire units using swath
acoutics may be cost-effective. Large individual fishing grounds with multi-sector
activity. Areas amenable to spatial management based on broadly defined goals

4. Primary habitat
(biotope) facies

Elongate rocky banks interspersed with
sediment patches (sloping flank of
canyon). Patchy mosaic of mixed
substrata: ‘hard’ and ‘soft’ seabed types
(terrace). Sediment in large clear patches
(terrace)

mega-habitat.
(1-10km)

Habitat values defined by coarsely resolved physical attributes and associations with
communities and individual species. Spatial extent (approximate boundaries) of
general bottom types (textures) resolved by swath acoustics (acoustic facies).
Differentiation of fishing grounds used by specific fishing sectors. Areas amenable to
specific management goals, e.g. for fishery habitat

5. Secondary habitat
(biotope) facies

Outcropping sedimentary claystones.
Subcropping sedimentary claystones.
Debris/rubble of cobble/boulder clasts.
Debris/rubble of gravel/pebble clasts.
Highly irregular calcareous muddy sands.
Unrippled calcareous muddy sands.

meso-habitat
(10m-1km)

Fine scale resolution of habitat boundaries/patch structure by ‘ground-truth’ targeted
physical sampling of acoustic facies. Associations define essential fish habitat, e.g. for
spawning, nursery, feeding, etc. Features known and targeted by individual fishers
from particular sectors. Specific management goals set, and performance criteria
evaluated based on monitoring at this level or lower

6. Primary biological
facies

Based on video observations

macro-habitat
(1m-10m)

Community dominants identified by targeted biological sampling. Fine scale resolution
of community boundaries/habitat associations. Biodiversity distributions mapped.
Impacts of fishing recognised in photographic images. Monitoring of fauna for
management performance assessment

7. Secondary
biological facies

Based on video observations

micro-habitat
(<1m)

Precise role of habitat detailed. Impacts of fishing quantified. Monitoring of individual
animal attributes such as density, size and growth rate
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To date, the most diverse group of organisms found on seamounts are corals
belonging to the Scleractinia (stony corals), Octocorallia (gorgonians), Antipatharia
(black corals), Stylasterida (hydrocorals) and Zoantharia (zoanthids) (Rogers, A.
Deep-sea biodiversity: a quick guide). Analysis of the distribution of corals on
seamounts has shown that the distribution of the main groups is significantly
affected by depth. It has also revealed that several areas in the world have a high
diversity of corals on seamounts, including the southwestern Pacific, the
northeastern Pacific and the North Atlantic. However, sampling strongly influences
this dataset and high diversity in the North Atlantic is probably a result of
comparatively large study effort in this area. It is notable that the distribution of
corals on seamounts does not reflect the overall global distribution of many coral
species. Corals frequently are not sampled on seamounts in parts of the world where
they occur in other habitats. This reflects the low overall sampling effort, especially
in some localities, but also suggests that the distribution of organisms on seamounts
is strongly influenced by the physical characteristics at a particular locality and that
seamounts may operate like submarine islands.
The high diversity and abundance of organisms on and around seamounts is thought
to result from increased primary productivity resulting from localised upwelling of
nutrients into the photic zone, combined with processes such as trapping of plankton
by the seamount itself (i.e., trophic focusing) (Rogers, 1994; Genin, 2004). Some
species of fish spawn over seamounts, including orange roughy and the Japanese eel.
As a result of increased food abundance, seamounts are a focus of activity for large
ocean predators like sharks and tuna fish. Due to the larger populations of fish in
these areas relative to their surroundings, overexploitation by the fishing industry
has caused some seamount populations o fish and of other coral-associated species to
decrease considerably.
The Global Census of Marine Life on Seamounts website2 has information and links
to resources on seamount biology. Seamounts Online3, a web-based information
system for seamount biology, holds data on species that have been recorded from
seamounts.
2.4.3.

Hydrothermal vents, hydrocarbon seeps & other reducing habitats

Hydrothermal vents and hydrocarbon seeps have very specialised faunas,
characterised by low biodiversity but very high endemism. The animal communities
in these habitats are driven by chemosynthesis, the bacterial oxidation of hydrogen
sulphide or methane. These habitats cover very small areas of the seabed and are
located along mid-ocean ridges or back-arc basins (hydrothermal vents) or along
continental margins (seeps). Specialised animal communities occur in the deep sea
around these habitats and are not typical of shallow-water vents and seeps. These
habitats have now been found all over the world and it is likely that many more will
be discovered. Some similarities exist between the fauna of seeps and that associated
with the breakdown of whale carcasses.

2
3

Website: http://censeam.niwa.co.nz
Website: http://seamounts.sdsc.edu
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The primary production at hydrothermal vents is generated by bacteria through
chemosynthesis. The bacteria are chemoautotrophic and tend to be members of the
most ancient group, the Archaea. At hydrocarbon seeps, the source of energy is
methane-rich fluids of thermogenic and/or biogenic origin. Production of sulfide by
sulfate reduction also plays an important role.
Since the first discovery of hydrothermal vents, more than 500 species have been
identified around hydrothermal vents and seeps (Perry, 2009). Of these, about 95%
have been new to science, among them the red tube-worm Riftia sp. (Vestimentifera)
and the Archaea. Hydrothermal vent faunal assemblages tend to be dominated by
molluscs, annelids, and crustaceans. Most other hard bottom habitats are mostly
comprised of cnidarians, sponges, and echinoderms. A recent study by Zeppilli and
Danovaro (2009) revealed that metazoan species found in proximity to a shallowwater hydrothermal vent were a subset of those inhabiting the surrounding
sediments, but were characterised by lower abundances. The authors go on to
hypothesise that the assemblages close to a vent are the result of colonization from
adjacent areas.
Invertebrate diversity is significantly higher at seeps than at vents (Turnipseed et al.,
2003). Lower diversity at vents may be a consequence of a greater physiological
barrier to invasion at vents than at seeps. Diversity is lowest where spacing between
vents is greatest, suggesting that risks of extinction as a result of dispersal-related
processes may contribute to the pattern of diversity observed at vents.
Other reducing habitats such as cold seeps, whale falls or oxygen minimum zones
also develop chemically-driven communities with similar species and physiology to
the vent animals. Seafloor oxygen minimum zones typically occur between 200 and
1,000m depth and are found in the eastern Pacific, NW Pacific margin, Philippines
area, Bay of Bengal, Arabian Sea and SW Africa beneath the Benguela current
(Rogers 2000; Levin 2003). Despite very low oxygen concentrations, protozoan and
metazoan life thrive in these ecosystems. The high concentrations of organic matter
sustain dense populations of sulphide-oxidising bacteria (i.e., Begiattoa, Thioploca,
Thiomargarita) and a low biodiversity but high density of protozoan and metazoan
life. The main groups are foraminiferans, nematodes, ciliates, flagellates, polychaetes,
gastropods and bivalves with specific adaptations, such us high concentrations of
haemoglobins, large respiratory surfaces, small thin bodies, high concentrations of
pyruvate oxydoreductases and presence of sulphide-oxidising symbionts (Levin,
2003).
Global species richness on whale carcass falls (407 species) is high compared with
cold seeps and rivals that of hydrothermal vents, even though whale-fall habitats are
very poorly sampled. Population-level calculations suggest that whale falls are
relatively common on the deep-sea floor, potentially allowing macrofaunal species to
specialise on these habitat islands; to date, 21 macrofaunal species are known only
from whale falls and may be whale-fall specialists. Nonetheless, whale falls also
share 11 species with hydrothermal vents and 20 species with cold seeps, and thus
may provide dispersal stepping stones for a subset of the vent and seep faunas
(Smith & Baco, 2003).
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2.4.4.

Canyons

Canyons are hotspot ecosystems on continental margins, characterised by a high
biodiversity (Ramirez Llodra & Billet, 2006). These geological features are subject to
vigorous currents and act as major pathways for organic carbon transportation, and
fast down flux of organic matter from the land to the deep sea. Canyons contain a
variety of substrata, such as hard rock walls and mobile sediments on the canyon
floor that sustain complex ecosystems with a high degree of endemic species.
Canyons are often the site of increased biological activity and are important hotspots
for commercial species. This manifests as very abundant populations of a limited
number of species and the occurrence of large marine predators such as whales.
The seabed within canyons is very heterogenous and different groups of animals live
either on the exposed rock at the rim or in the sediment on the slopes and base.
Typical rock-dwelling species are gorgonians, sponges and other filter-feeding
organisms. On the sediment are found echinoderms, crabs and other mobile
organisms. There are even giant single-celled organisms called xenophyophores
living on the sediment at great depths. In certain parts of the canyons the rock
exposure forms overhangs, underneath which are found communities of filterfeeding bivalves, such as oysters and an ancient invertebrate group called the
brachiopods. Such spots are exceptionally biodiverse and contrast with other parts of
the canyon where biodiversity can be very low (HERMES, 2007).
2.4.5.

Ocean trenches

Hadal trenches remain one of the least understood habitats on Earth. They account
for the deepest 45% of the oceanic depth range and host active and diverse biological
communities. Species tend to be endemic to a single trench or group of trenches
(Vinogradova, 1997). Species composition, density, biomass and diversity of hadal
zones often contrast to that of the surrounding abyssal area. There is a general
decrease in the abundance and biomass of organisms with increasing depth.
Nonetheless, sampling campaigns in hadal trenches have revealed a diverse array of
metazoan organisms consisting primarily of benthic fauna, such as fish, holothurians,
polychaetes, bivalves, isopods, actinians, amphipods and gastropods. The richness of
trench communities, thought to originate from the abyssal plains, also declines with
depth, although the relative role of increased pressure versus other environmental
correlates remains unresolved (Jamieson et al., in press).
The assemblages of benthic nematodes, harpacticoid copepods, kinorhynchs,
polychaetes and gastrotrichs in the Atacama Trench are approximately one third
smaller than their bathyal relatives, although the selective pressure(s) driving this
response remain unclear. Meiofaunal dwarfism contrasts starkly with the gigantism
noted for some trench-dwelling crustaceans, including amphipods, tanaids, mysids
and almost all isopods. These species are larger than any other representative of the
genus, and their unusually large size might be a response to ephemeral food
resources, competition or predation.
The ‘carbonate compensation depth’ (CCD), the depth at which calcium carbonate
(calcite and aragonite) supply equals the rate of solvation and below which no
calcium carbonate is preserved, has been proposed as a physiological barrier to deep
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ocean colonisation. Calcium carbonate is widely used as a structural component by
foraminiferans, corals, crustaceans and molluscs. The CCD range is 4,000-5,000m in
the Pacific Ocean, but tends to occur at shallower depths towards higher latitudes.
As carbonate solubility increases with increasing hydrostatic pressure, ossification
becomes more difficult, explaining why ossified groups (e.g. ophiuroids and
echinoids) tend to be replaced by softbodied organisms (e.g. holothurians, and soft
and organic walled foraminifera) with increasing depth (Jamieson et al., in press).
2.5. Primary habitat (biotope) facies
2.5.1.

Mud

By far the most common seabed sediment in the deep sea is mud, perhaps
representing as much as 80% of the total sediment in the marine environment.
Despite its apparently featureless nature, recent research has shown that deep-sea
mud supports a previously unexpected wealth of biological diversity. It is quite
possible that the majority of animal species on this planet live in deep-sea mud. Of
the tens of millions of animal species that probably live on Earth today, it is likely
that over 75% of them will be found on the deep-sea floor – although to date only
aware of a tiny fraction of this diversity has been described.
Deep-sea sediments are primarily composed of clays or materials produced by living
organisms, depending upon the numbers of animals in the overlying waters.
Abyssal clay covers most of the deep-ocean floor. It accumulates very slowly (1mm
per 1,000 years), and it is mostly made up of clay-sized particles from the continents,
carried to the sea by wind and rivers and spread by currents. Materials derived from
the remains of living organisms accumulate in different thicknesses and
distributions. In very deep waters the sediment blanket may be thousands of metres
thick.The study of these thick layers of deep-sea mud is often used to answer
questions about climate change, as these sedimentary layers preserve a unique
record of past change.
2.5.2.

Sand

The sandier sediments are home to more abundant populations of megabenthos,
such as the white stalked sponges. Other seabed habitats are also indicative of
significant bottom water flows that result in the transport of fine sediments giving
rise to sandy contourite deposits and barchan sand-dune fields (see Figure 5 above).
2.5.3.

Rock

In areas subjected to significant bottom currents such as the foot of the Faroe Plateau,
coarse sediments such as gravels, boulders and bedrock tend to dominate the seabed,
which allows the attachment and development of larger sessile megabenthos
communities predominantly made up of sponges and corals. The often-complex
three-dimensional structure of these attached communities offers additional habitat
for epibenthic and demersal organisms seeking shelter, food or aggregation
landmarks.
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2.5.4.

Iceburg ploughmarks

In certain mid-latitutude locations of the NE and NW Atlantic there are areas on the
upper part of the continental slope (at about 300-500m) that form bands known as the
“iceberg ploughmark zone”. During glacial periods, grounding icebergs gouged
furrows in the seabed turning coarser sediments (cobbles and boulders) aside in an
action similar to that of a plough harrow. The action of bottom currents has
subsequently, at least partially, infilled the furrows with finer sediments. These
processes have acted to produce a complex, spatially heterogeneous, mosaic habitat
that can repeatedly alternate from “piles of boulders” to open fine sediment areas.
The coarse sediment (cobble and boulder) area can support diverse biological
communities that exhibit significant local variation in their composition and
abundance.
2.6. Biological Facies
2.6.1.

Cold-water coral reefs

Cold-water coral reefs develop in areas where there is a combination of specific
physical and biological characteristics, including the presence of hard substrates, the
occurrence of specific water masses, and strong currents, bringing a rich food supply
(Rogers, 1999; Freiwald et al., 2004). With such requirements, cold-water coral reefs
tend to occur on the shelf break and continental slope around the world but are also
found in fjords and on seamounts and banks (Rogers, 1999). Their distribution in the
NE Atlantic, which appears to be a global hotspot for cold water corals, is shown in
Figures 27 and 28. As with tropical, shallow water reefs, a rich fauna of animals is
associated with coldwater corals reefs. These animals are found on the living coral,
on and in the dead coral framework and in the sediments associated with the coral
reef. Over 1,300 species have been found associated with reefs formed by the coral
Lophelia pertusa off the coasts of Europe (Roberts & Gage, 2003). On the seamounts
south of Tasmania, reefs formed by the coral Solenosmilia variabilis are also associated
with a rich fauna up to one third of which are new species (De Forges et al., 2000).
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Figure 27. The distribution of cold water coral reefs (Lophelia pertusa) in the NE Atlantic.

Figure 28. Occurrences of the reef forming scleractinian coral Lophelia pertusa.
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Some groups of animals have a much lower diversity on Lophelia reefs than in
tropical shallow water reefs including the reef-building corals themselves, molluscs
and fishes. The majority of associated organisms are found in deep-sea habitats
outside of the reef and only a few species appear to only live amongst Lophelia
frameworks and not anywhere else. Deep-water coral reefs show other similarities
with shallow-water tropical reefs. Many of the processes of reef growth (accretion)
and destruction (erosion) are very similar between shallow and deep reefs. Many of
the same groups of organisms, such as sponges and worms are involved in
bioerosion of both shallow and deep-water reefs (Rogers, 2004).
Evidence for commensal relationships is sparse for deep-water reefs but these
habitats are difficult to observe and have only been studied for a short time. One
example of such an interspecies relationship has been identified between the reefbuilding coral Lophelia pertusa and a large, predatory, tube-dwelling polychaete
worm called Eunice norvegicus. These worms build paper-like tubes amongst the
branches of the reef and the corals secrete calcium carbonate that solidifies around
the tubes providing protection for the worms (Kaszemeik & Freiwald, 2002; Roberts,
2005). The worms in turn are extremely aggressive and will attack predators such as
sea urchins that approach the living parts of the corals. The worms may also steal
food from the coral polyps (kleptoparasitism). There is even evidence that the worm
tubes may act as a substrate for the settlement of coral larvae. These worms are
found associated with Lophelia pertusa wherever it forms reefs in the NE Atlantic.
Lophelia pertusa also acts as a nursery area for many juvenile animals. This includes
the juvenile stages of commercially valuable fish species such as redfish (Sebastes
spp). Damage to deep-water corals reefs can effectively destroy these nursery
grounds potentially having marked knock-on effects on the surrounding ecosystem.
Lophelia has also been reported growing on active oil platforms and on the
decommissioned Brent Spar platform (Bell and Smith, 1999). An inshore reef complex
has recently been mapped in the entrance to the Sea of Hebrides and there are many
records of Lophelia on the Rockall Bank. Recently, the North East Atlantic Fisheries
Commission prohibited bottom trawling and fishing with static gear from a number
of large areas in the Rockall and Hatton banks (www.neafc.org), with the aim to
protect deep-water corals.
The other deep-water area to receive protection (trawling ban) is the Darwin Mounds
region, inhabited by deep-water corals as well as very delicate giant protists
(xenophyophores), which can grow to sizes of 20cm or more (Hughes et al., 2003;
Masson et al., 2003).
2.6.2. ‘Coral garden’
The main characteristic of a coral garden is a relatively dense aggregation of colonies
or individuals of one or more coral species. Coral gardens can occur on a wide range
of soft and hard seabed substrata. For example, soft-bottom coral gardens may be
dominated by solitary scleractinians, sea pens or certain types of bamboo corals,
whereas hard-bottom coral gardens are often found to be dominated by gorgonians,
stylasterids, and/or black corals (ICES 2007).
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The biological diversity of coral garden communities is typically high and often
contains several species of coral belonging to different taxonomic groups, such as
leather corals (Alcyonacea), gorgonians (Gorgonacea), sea pens (Pennatulacea), black
corals (Antipatharia), hard corals (Scleractinia) and, in some places, stony hydroids
(lace or hydrocorals: Stylasteridae). However, reef-forming hard corals (e.g., Lophelia,
Madrepora and Solenosmilia), if present, occur only as small or scattered colonies and
not as a dominating habitat component. The habitat can also include relatively large
numbers of sponge species, although they are not a dominant component of the
community. Other commonly associated fauna include basket stars
(Gorgonocephalus), brittle stars, crinoids, molluscs, crustaceans and deep-water fish
(Krieger and Wing 2002). Krieger and Wing (2002) conclude that the gorgonian coral
Primnoa is both habitat and prey for fish and invertebrates and that its removal or
damage may affect the populations of associated species.
Densities of coral species in the habitat vary depending on taxa and abiotic
conditions (e.g., depth, current exposure, substrate). The few scientific investigations
available indicate that smaller species (e.g., the gorgonians Acanthogorgia and
Primnoa, and stylasterids) can occur in higher densities, e.g. 50-200 colonies per
100m2, compared with larger species, such as Paragorgia, which may not reach
densities of 1 or 2 per 100 m2. Depending on biogeographic area and depth, coral
gardens containing several coral species may in some places reach densities between
100 and 700 colonies per 100m2. These densities merely indicate the biodiversity
richness potential of coral gardens. In areas where the habitat has been disturbed, by
for example, fishing activities, densities may be significantly reduced.
It is not currently possible to determine threshold values for the presence of a coral
garden as knowledge of the in situ growth forms and densities of coral gardens (or
abundance of coral by-catch in fishing gear) is very limited, due to technical or
operational restrictions. Visual survey techniques will hopefully add to our
knowledge in the coming years.
Non-reef-forming cold-water corals occur in most regions of the North Atlantic, most
commonly in water with temperatures between 3 and 8°C in the north, but also in
much warmer water in the south (e.g., around the Azores). Their bathymetric
distribution varies between regions according to different hydrographic conditions,
but also locally as an effect of topographic features and substrate composition. They
can be found as shallow as 30m depth in Norwegian fjords and down to several
thousand meters on open ocean seamounts. The habitat is often subject to strong or
moderate currents, which prevents silt deposition on the hard substrate that most
coral species need for attachment. The hard substrate may be composed of bedrock
or gravel/boulders, the latter often derived from glacial moraine deposition, whilst
soft sandy/clay sediments can also support cold-water corals (mostly seapens and
some gorgonians within the Isididae).
2.6.3.

Gorgonian fields

Coral gardens are a heterogeneous type of deep seabed habitat that could be divided
into two or more habitats. Bamboo coral fields are one candidate, with stands of
Keratoisis ornata or other Isidae corals on soft/sandy deep bottoms. Off Canada
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Acanella arbuscula seems to be a key habitat structuring species (Mortensen et al.,
2006). In the Norwegian fjords Andfjorden and Hardangerfjorden, Isidella lofotensis
have been observed in restricted areas in relatively high densities and with several
associated species between the braches. Coral gardens also partly overlap with
another threatened habitat, sea pens and burrowing megafauna, which should be
kept separate from this habitat to avoid confusing comparisons.
2.6.4.

Sponge aggregations

Demosponge aggregations, or ‘osterbund’ as they are more commonly known, have
been observed at mid-slope depths (c. 500m) north and west of Shetland, coinciding
with iceberg ploughmark terrain (Bett, 2001) in regions where the currents are
elevated and resuspension and transport of particles are enhanced (Klitgaard et al.,
1995). The morphology of the sponges influences the occurrence and composition of
the associated fauna, the majority of which use them as a substrate (Klitgaard, 1995;
Figure 29). Unlike Demosponges, hexactinellid sponges form aggregations in areas of
open sediment. The HMS ‘Lightning’ and ‘Porcupine’ research cruises in the late 1800s
first observed hexactinellid sponge aggregations in the northern Rockall Trough
(Thompson, 1873). More recent surveys have found hexactinellids to be a principal
component of the megafaunal community at 1,000-1,400m in the SEA7 survey area
NW Scotland (Hughes and Gage, 2004; Davies et al., 2006). They also occur in the
Porcupine Seabight (southwest of Ireland) (Rice et al., 1990). Hexactinellid sponge
aggregations create a very distinct habitat. Analysis of the abundance and taxonomic
composition of the macrobenthos suggests the presence of sponge spicule mats at the
sediment surface substantially modifies the fauna by increasing the numerical
abundance of macrobenthos with increasing spicule abundance (Bett and Rice, 1992).

Figure 29. Geodia sp. dominating sponge grounds off the coast of Sørøysund, Finnmark, Northern
Norway (photo courtesy of MAREANO/Institute of Marine Research). The yellow sponge in the
foreground (Aplysella sulphurea) is growing over another species, Stryphnus sp.
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The fauna associated with the sponge grounds is rich and has a higher diversity
compared with surrounding sediments. The associated fauna are dominated by
epifaunal groups such as encrusting sponges, hydroids, zoanthrians, bryozoans, and
ascidians (Klitgaard, 1995; Klitgaard and Ten-dal, 2004). Rockfish, especially Sebastes
species, live in openings and in between sponges. Young redfish (Sebastes spp.) are
regularly observed on sponge grounds sometimes seeking shelter inside the cavities
of large sponges. In samples taken using fishing gear there are often several species
of groundfish represented, such as cod and ling, along with the sponges in the catch
(Figure 30). The general co-occurrence of structure-forming invertebrates with
groundfish has been described by Hixon et al. (1991) for three deep rocky banks off
the coast of Oregon. In their study, species distribution and abundance varied by
location based on differences in habitat availability between locations; for ex-ample,
juvenile rockfish (Sebastes spp.) were most abundant in rock ridge and boulder
habitat where sponges and the basket stars (Gorgonocephalus eucnemis) were the most
common megafaunal invertebrates.

Figure 30. A large catch of Geodia sponges “ostur” from the continental slope off Norway at about 350
m depth. Photo courtesy of H.T. Rapp.

2.6.5.

Xenophyophora fields

Xenophyophores are marine protozoans, giant single-celled organisms found
throughout the world’s oceans, but in their greatest numbers on the abyssal plains of
the deep ocean. Xenophyophores are delicate organisms with a variable appearance.
Most xenophyophora are epifaunal and bury themselves up to 6cm deep into the
sediment. Xenophyophores may be an important part of the benthic ecosystem by
their bioturbation of the sediments and by providing a habitat for other organisms.
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2.6.6. Actiniaria fields
Late juvenile redfish Sebastes fasciatus (11–20 cm total length), have been reported
being associated with dense patches of cerianthid anemones Cerianthus borealis in the
Gulf of Maine (Fuller et al., 2008). The small fish may use the cerianthid habitats on
an encounter basis or they may serve as a protective corridor for moving between
boulder sites (Auster et al., 2003). Similar associations have been observed at greater
depths during the MAREANO habitat mapping programme in 2008.
2.7. Biodiversity
For a detailed review of diversity metrics and the definition of biodiversity see ICES
(2009), but the Convention on Biological Diversity4 defines biodiversity as the
variability among living organisms (e.g. number of different species). In simple
terms, biodiversity is the number of species measured in a given area. The number of
species is also referred to as species richness. Biodiversity can be much more
comprehensive than just the number of species however; it can include genetic
variation within species, the variety of species in an area, and the number of habitats
within an area. Species evenness, or how well distributed abundance or biomass
proportion are among species within a community, is also an important factor in
assessing biodiversity. For example, when evenness is close to zero, it indicates that
most of the individuals belong to one or a few species/categories which is less
diverse than when the evenness is close to one, indicating that each
species/categories consists of the same number of individuals.
However, it is evident based upon the limited review above, that species richness
and productivity in the deep-sea exhibit very different spatial and temporal
characteristics compared with the relatively shallow shelf sea systems. What is
noteworthy is that within the deep sea, hotspots of higher biodiversity occur which
also support higher rates of ecosystem processes such as productivity (Danovaro et
al., 2008). For example, higher benthic diversity may increase bioturbation, (with a
consequent increase of benthic fluxes and redistribution of food) and promote higher
rates of detritus processing, digestion and reworking (therefore increasing organic
matter remineralisation). This diversity may be related in part to the need for some
deep-sea organisms to maximize what little organic carbon resources are available to
them. Therefore, over time a functionally efficient and diverse benthic community
evolves which actually enhances productivity. This is generally not the case in
shallow shelf systems which by comparison are not energy limited and tend to be
highly productive, usually dominated by relatively few species in terms of both
biomass and numerical abundance. There is therefore an interesting relationship in
the deep sea between productivity and diversity which should be further explored.
Given this, it is clear that any anthropogenic effects which may negatively impact
biodiversity in the deep sea are likely to have a negative impact on ecosystem
function, possibly much more so than for shelf sea ecosystems. With this in mind,
some further consideration of deep-sea ecosystem function and structure is provided
below.

4

Website address: www.cbd.int
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The most species-rich environments of the deep sea are associated with the surface
and upper layers of the sediments that cover most of the deep-sea bed of the abyssal
plain. The sediments are inhabited by species of animals belonging to a range of
phyla, varying in size from single-celled protists to large sea cucumbers and urchins.
The most diverse groups are the small animals including the tiny nematode worms,
the segmented polychaete worms, molluscs, including bivalves and gastropods and
peracarid crustaceans (Gage & Tyler, 1991). However, this does not take into account
the density, frequency and spatial distribution of individual species found in a given
area. When such factors are taken into account (see ICES, 2009) a widely observed
gradient in deep sea diversity is revealed. This is best highlighted by using data from
ten years of standardized fish community surveys carried out by Fisheries Research
Services (FRS) using the FRV Scotia. Diversity of the bentho-pelagic and demersal
fish assemblage recovered using the Shannon Diversity Index (H’), as well as a
descriptor of community relatedness, taxonomic diversity (Δ*) are shown in Figures
31 and 32, below.
It has been suggested that the peak in the depth-related trend in taxonomic diversity
around 500m relates to the overlap between shelf and slope ichthyofauna
communities. Taxonomic diversity then decreases with depth until the abyssal
species begins to appear in catches around 1,800m. Shannon diversity index values
vary without any real trend with depth.

Figure 31. Fish community Shannon diversity with depth off NW Scotland (NE Atlantic, from
ICES, 2009).
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Figure 32. Fish community average taxonomic diversity with depth off NW Scotland (NE Atlantic,
from ICES, 2009).

It has been suggested that the peak in the depth-related trend in taxonomic diversity
around 500m relates to the overlap between shelf and slope ichthyofauna
communities. Taxonomic diversity then decreases with depth until the abyssal
species begins to appear in catches around 1,800m. Shannon diversity index values
vary without any real trend with depth.
2.8. Ecosystem functioning
As already mentioned, ecosystem function involves the study and quantification of
biological processes, which can be summarised as production, consumption and
transfer of organic matter to higher trophic levels, decomposition of organic matter
and nutrient regeneration (Naeem et al., 1994; Danovaro et al., 2008). Terrestrial and
shallow-water ecologists have recognised that altering the composition of biological
communities has a strong potential to alter ecosystem functioning; biodiversity loss
may impair the functioning and sustainability of ecosystems (Solan et al., 2004;
Hooper et al., 2005). A recent study of the relationship between ecosystem
functioning and biodiversity in the deep sea has shown that a higher biodiversity
supports increased efficiency and higher rates of ecosystem processes (Danovaro et
al., 2008). It is argued that because the deep sea plays a key role in ecological and
biogeochemical processes at a global scale, conservation of deep-water biodiversity is
necessary for the sustainable functioning of the World’s oceans.
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2.8.1.

Ecosystem structure

Ecosystem structure largely relates to the physical and spatial aspects of an
ecosystem, for example, species population density, species diversity, physical
structure and biomass, and by abiotic factors, for example, sediment structure and
processes such as currents and the thickness of the benthic boundary layer. If a
human activity has an impact on the structure of an ecosystem (for example,
demersal trawling impacting deep-water coral reef habitats), this in turn may affect
the functioning of that ecosystem, especially if there are no other species present in
the community or ecosystem that are able to provide the same function.
2.9. Relationship between biodiversity, environmental conditions and fish
Deep-water organisms experience far more stability in terms of water temperature,
salinity and currents than do their shallow-water counterparts and may not tolerate
even small changes in these environmental parameters. Individuals, populations and
communities will be affected by local and regional changes in upper ocean primary
productivity, organic-carbon flux and thermohaline circulation driven by climate
change (Glover and Smith, 2003).
It has been shown that accumulations of large suspension feeders show a tendency to
aggregate near the shelf break in regions with a critical slope where the bottom slope
matches the slope of propagation of internal tidal waves (Klitgaard et al. 1997).
Klitgaard et al. (1997) extended the theories of Frederiksen et al. (1992) for the
distribution of Lophelia pertusa to explain the distribution of ostur. The causal link is
thought to be an increase in the supply of food related to the incidence of internal
waves which results in re-suspension and transport of organic material. However,
Rice et al. (1990) noted that P. carpenteri is not found within the areas of enhanced
current produced by the critical slope angle but is associated with them, the sponge
being particularly abundant along their lower boundaries and downstream of these
enhanced current regions. Again the increased food supply was cited as a possible
reason, but clearly the mechanisms operating in this case are possibly different.
Furthermore, hydrographic conditions with elevated current speeds and high food
supply, together with availability of hard bottom substrates are favourable for sessile
suspension feeders, including cold-water corals. Corals (Antipatharia, Gorgonacea,
Pennatulacea, Scleractinia, Stylasteriidae and Zooantharia) may occur in great
abundance, especially along the edges and summits of topographic seabed structures
such as banks or seamounts. It is therefore not surprising that deep-sea fisheries
concentrate on such productive areas, such as seamounts and canyon walls, where
levels of biodiversity and endemism in the benthic fauna can be high (De Forges et
al., 2000) although the degree of endemism can be low on north Atlantic seamounts
(Hall-Spencer et al., 2007).
In a study in the Bay of Biscay by Mendes (2003), significant associations were
described between different deep sea fish species and the environmental conditions.
Specifically, four different dive transects were analysed with respect to
environmental characteristics from which a total of 19 fish groups were ordered by
means of canonical correspondence analysis (see Figure 33 below). Their results
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revealed that macrofauna were dominated by a diversity of suspension feeders,
indicating different gradients of bottom hydrology, particularly vertical and
horizontal current flow conditions.Physical, geological and biological factors
revealed different strategies of habitat selection in fish. The most represented species,
the orange roughy showed a clear association with complex substrates, including
coral reefs. Others, such as roundnose grenadier (Coryphaenoides rupestris) and the
cut-throat eel (Synaphobranchus kaupi), showed higher flexibility of adjustment to
changing environments.

Figure 33. Canonical correspondence analysis (CCA) ordination diagram of all the dives with
fish species (blue circles) and environment variables (arrows); first axis is horizontal, second axis
vertical. The fish species are: Cor=Coryphaenoides rupestris, Ang=Anguilliformes, Lep=Lepidion
eques, Syn=Synaphobranchus kaupi, Chi=Chimaerids, Mac=Macrouridae, Sha=Sharks,
Hoa=Hoplostethus atlanticus, Mor=Moridae, M=Mesopelagic fishes, Mm=Mora moro,
Gal=Galeus melastomus, Mol=Molva molva, Hel=Helicolenus dactylopterus. The environmental
variables are: ACT=Actinians, Temp=Temperature, PEN=Pennatularians, Depth=Depth,
AST=Asteroidea, SPO=Sponges, Cur=Current, Rip=Ripple marks, Slo=Slope, Pac=Packing,
HYD=Hydrozoans, CRI=Crinoids, Bot=Bottom texture, Sub=Substrate, DES=Desert,
ANT=Antipatharians, GOR=Gorgonians, Cur=Current, ECH= Echinoids, BRY=Bryozoans,
SEA=Sea cucumber, SCL= Scleractinians.

2.10. Indicators for ecosystem management
The abundance of ecosystem indicators under consideration has increased
substantially over the last decade (see contributions in Cury and Christensen 2005)
and, along with habitat classification schemes, the development of indicators of
environmental status are an integral part in delivering an ecosystem approach to
management (Rogers and Greenaway, 2005).
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In general, an indicator can be defined as a parameter or value derived from a
measure which provides information about the state of an environment (OECD,
1993), in this case, specifically identified habitat and biological facies. Indicators have
two major functions: (i) they reduce the number of measurements and parameters
normally required to give a precise characterisation of the environment – because
something is already known about the properties of the habitat being monitored and
assessed. However, too few or even a single indicator may be insufficient to provide
all the necessary relevant information; and (ii) they simplify the communication
process by which survey results are provided by the user.
Therefore, the selection of indicators has to be undertaken with a great deal of care
and attention, particularly in understanding the functional/structural dependencies,
since there is a risk that a vital piece of information may be missing from the
indicator. To overcome this risk, in part, a more integrated habitat-based approach is
being now favoured, that is a shift away from the specific conservation of a particular
species to one of protecting the habitat which the species depends. Accordingly, the
OSPAR Commission in 2005 has followed this approach through the recognition of
“sponge aggregations” as habitats on their list of threatened and declining species
(Table 2).
Table 2. Possible indicators of deep sea habitat status based upon determination of overall habitat and
biological facies extent and density – such as would apply to “sponge aggregations” as recognised by
OSPAR.
Pressure (Impact)

Possible Indicators

Fishing - demersal trawling
(habitat structure changes abrasion; removal of target
species)

– Biological facies extent and density (e.g., sponge aggregations,
cold water coral reefs, coral gardens, etc.)
– Mega (primary) habitat extent and biology (e.g., seamounts, reefs,
slopes, etc.)
– Evidence of trawl scars and impacts (extent and density)

Whilst these indicators provide an estimate of the status and trends in important &
vulnerable benthic habitats, there is also a need to consider the status and trends of
many other components of the ecosystem, including the human activities themselves.
From a fisheries perspective, a group was set up in 2005 called ‘IndiSeas’ under the
auspices of the EUR-OCEANS European Network of Excellence (www.euroceans.eu). It aims were to evaluate the effects of fisheries on marine ecosystems by
using a panel of ecological indicators of states and trends, and to facilitate effective
communication of these effects, largely by using work already achieved by the
SCOR/IOC Working Group 119 on “Quantitative Ecosystem Indicators”, and
specifically on the results of Rice and Rochet (2005) who outline some specific
practical criteria for the selection of ecosystem indicators which were adopted by the
SCOR-IOC Working Group, namely:
•

ecological significance (i.e. are the underlying processes essential to the
understanding of the functioning and the structure of marine and aquatic
ecosystems);
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•

measurability: availability of the data required for calculating the indicators;

•

sensitivity to fishing pressure; and

•

awareness of the general public

The last of these criteria was of particular importance to the aims of the ‘IndiSeas’
WG, that is the awareness of the general public concerning the meaning (what
information is communicated) of each indicator. For example, among potential sizebased indicators, preference was given mean length rather than the slope of the size
spectrum since this would be more difficult to communicate to the general public. In
addition to these practical selection criteria, the indicators were selected to address
four specific management objectives: Conservation of Biodiversity (CB), ecosystem
Stability and Resistance to perturbations (SR), Ecosystem structure and Functioning
(EF) and Resource Potential (RP).
Several categories of ecological indicators were distinguished (Cury and Christensen
2005): namely; (i) size-based, (ii) species-based, and (ii). trophodynamic indicators.
The eight indicators outlined in Table 3 (described below) were selected based on the
above criteria, and are proposed as a minimum set of indicators for diagnosing the
status of an ecosystem in relation to fisheries pressure. Six of the indicators were
used to measure the state (S) of the ecosystem and six were used to measure trends
(T) over time. Data for the indicators are derived primarily from fisheries
independent surveys and commercial fisheries data, with auxiliary information
where indicated. In addition to the full indicator name, a shorter “headline label”
was attributed to each of the indicators (Table 3) to make them more readily
comprehensible. Furthermore, the indicators are all formulated positively so that a
low value of an indicator means a high impact of fishing and a high value a low
impact of fishing.
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Table 3. List of indicators from the ‘IndiSeas’ WG for assessing the status of marine ecosystems in relation to fisheries pressure.

Indicators

Headline label

Calculation, Notations,
Units

(S)tate,
(T)rend

Expected
Trend

Management
Objectives

Management Direction

Total biomass of
surveyed species

Biomass

B (tons)

T

D

RP

Reduction of overall fishing effort and quotas

1/(landings /biomass)

inverse fishing
pressure

B/Y retained species

T

D

RP

Reduction of overall fishing effort and quotas

Mean length of fish in
the community

fish size

S,T

D

EF

Reduction of overall fishing effort and fishing effort on large
fish species

TL landings

trophic level

S,T

D

EF

Decrease fishing effort on predator fish species

Proportion of under
and moderately
exploited stocks

% sustainable
stocks

number (under+moderately exploited
species)/total no. of stocks considered

S

D

CB

Decrease fishing effort on overexploited species. Diversify
resource composition

Proportion of
predatory fish

% predators

prop predatory fish= B predatory
fish/B surveyed

S,T

D

CB

Decrease fishing effort on predator fish species

Mean life span

life span

S,T

D

SR

Decrease fishing effort on long-living species

1/Coefficient of
variation of total
biomass

biomass stability

S

D

SR

mean(total B for the last 10 years)
/sd(total B for the last 10 years)
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Total biomass of surveyed species is a conservative property of an ecosystem; as
species are fished and their biomass reduced, other species increase in abundance
and “replace” these species in the foodweb. With the removal of top predators lower
trophic levels can be expected to increase. Thus changes in total biomass can reflect
changes in ecosystem productivity.
1/(landings /biomass) measures the inverse level of exploitation or total fishing
pressure on the ecosystem. This indicator varies in the same direction as the other
indicators in the selected suite, as it decreases when fishing pressure increases. A
decrease is considered negative and is a measure of “resource potential”.
Mean length of fish in the community is an indicator of the impact of fishing on an
ecosystem, that is, the reduction of mean length of fish in the community (Shin et al.
2005). From a single species perspective, the removal of larger fish, which are more
fecund and produce more viable eggs than smaller fish (Longhurst 1999),
compromises productivity. From an ecosystem perspective, the removal of larger
species changes the size structure of the community and potentially ecosystem
functioning. “Fish size” is thus a measure of ecosystem structure and functioning
and is used to measure state and trend.
Trophic level of landings measures the average trophic level of species exploited by
the fishery, and is expected to decrease in response to fishing, since fisheries tend to
target higher trophic level species (Pauly et al. 1998). A decrease in trophic level of
landings and total catch indicates “fishing down the food web” (Pauly et al. 1998),
and a change in the structure of the community and potentially ecosystem
functioning. “Trophic level” is a measure of ecosystem structure and functioning and
is used to measure state and trend. Trophic level of individual species is either
estimated through modelling, or taken from global database such as Fishbase.
Proportion of predatory fish is a measure of the diversity of fish in the community.
Predatory fish are all surveyed fish species that are piscivorous, or feeds on
invertebrates that are larger than 2 cm. “% predators” is a measure of conservation of
biodiversity and is used to measure state and trend.
Proportion of under and moderately exploited stocks represents the success (or not)
of fisheries management. Ideally, in a precautionary world, all stocks should be
moderately exploited to ensure sustained biodiversity and sustainable ecosystems.
“% of sustainable stocks” is a measure of conservation of biodiversity. The FAO
classification of stocks as underexploited, moderately exploited, fully exploited etc
(http://www.fao.org/docrep/009/y5852e/Y5852E10.htm#tbl) was used to define these
categories for the stocks in each ecosystem under consideration in the current time
period. Thus this indicator is used to compare the state of ecosystems.
Mean life span is a proxy for mean turnover rate of species and communities, and is
meant to reflect the buffering capacity of a system. The life span or longevity is a
fixed parameter per species, and therefore the mean life span of a community will
reflect the relative abundances of species with differential turnover rates. Fishing
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affects the longevity of a given species (direct effect of fishing and genotype
selection), but the purpose here is to track changes in species composition (same
principle as for mean TL of catch). “Life span” is thus a measure of ecosystem
stability and resistance to perturbations and is used to measure state and trend.
1/Coefficient of variation of total biomass measures the stability of the ecosystem,
and is measured as the coefficient of variation (CV) over the last 10 years. As with
“fishing pressure”, it is expressed as an inverse to make it conform with the
directionality of the other indicators. Thus a low 1/CV indicates low “biomass
stability”, low ecosystem Stability and Resistance to perturbations. Since this
indicator is measured over a 10 year time period, it is only used to measure state.
2.11. Ecosystem Approach to Fisheries Management
In 2000, the ICES Advisory Committee on Fishery Management (ACFM) expressed
the view that most deep-water species in the ICES area are, at present, harvested
outside safe biological limits as embodied in the precautionary approach (Anon.,
2000). They indicate that the level of exploitable biomass in 1998 of orange roughy,
black scabbardfish, roundnose grenadier, deep-water sharks (principally the leafscale
gulper shark (Centrophorus squamosus) and the Portuguese dogfish (Centroscymnus
coelolepis) and blue ling (Molva dypterygia) were below the precautionary reference
level and, for some species, they were close to or possibly below the precautionary
limit point, an observation also supported by Basson et al (2001). This advice came at
the same time as increasing global political commitments to adopt ecosystem-based
fisheries management (EBFM), to ensure that the planning, development, and
management of fisheries will meet social and economic needs, without jeopardizing
the options for future generations to benefit from the full range of goods and services
provided by marine ecosystems (FAO, 2003).
Specifically, the U.N. Convention on Biological Diversity defined Ecosystem-Based
Management (EBM) as: “…an approach based upon the application of appropriate
methodologies focused on levels of biological organization which encompass the essential
processes and interactions among organisms including humans and their environment”.
Similarly, the U.S. Commission on Ocean Policy noted that “U.S. ocean and coastal
resources should be managed to reflect the relationships among all ecosystem components,
including human and nonhuman species and the environments in which they live. Applying
this principle will require defining relevant geographic management areas based on
ecosystem, rather than political, boundaries”. Other definitions of EBM embody the
recurring themes of the need to understand and account for interactions among the
parts of the system, the recognition that humans are an integral part of the
ecosystem, and that EBM is fundamentally a place-based management framework.
In 2008, the Northwest Atlantic Fisheries Organisation (NAFO) established an expert
scientific working group with the explicit aim of identifying the methods and
practices to best implement the Ecosystem Approach to Fisheries Management
(EAFM). It was recognised by WGEAFM that the implementation of the ecosystem
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approach to fisheries management requires ecosystem assessments that are
essentially the counterparts of stock assessments currently used in support of
conventional single-species stock assessments, but with the ‘key’ difference that they
consider all relevant components including multiple fish stocks. The EAFM is also
included as a concept in the Common Fisheries Policy (CFP) as set out in Article 2(1)
of the CFP reform in 2002.5. In this case it is clear that the CFP is not, itself, based on
the EAFM, but rather that it is aiming at its progressive implementation. A clear
problem for the CFP in this regard is that its decisions (e.g. on maximum sustainable
yield (MSY) etc.) tend to be based on individual stocks rather than multiple species
harvesting which would be necessary if the ecosystem as a whole were to be
considered.
For this purpose, Integrated Ecosystem Assessments (IEA) have been defined as: ‘a
synthesis and quantitative analysis of information on relevant physical, chemical, ecological,
and human processes in relation to specified ecosystem management objectives’ (Levin et. al.
2009). IEAs are designed to meet multiple objectives and they can be considered as a
tool, a product, and a process. They are a tool that uses integrated analysis and
ecosystem modeling for synthesis. IEAs are product for managers and stakeholders
who rely on scientific support for policy and decision making. Finally, IEAs are a
process including the identification of management objectives by managers and
stakeholders, the development of quantitative assessments, and the evaluation of
alternative management strategies.
The steps involved in the development of an IEA are depicted in Figure 34, which
begins by scoping and identifying the goals and objectives, but EBFM requires
managers to take account of how fisheries impact a wide range of marine ecosystem
components when setting their ecosystem objectives (Heslenfeld and Enserink, 2008).
To achieve such objectives, the mechanistic relationships between the state of these
components or attributes and one or more manageable anthropogenic activities
needs to be understood (Jennings, 2005). Therefore, for scientists charged with the
provision of advice in support of EAFM, determining the theoretical, mechanistic
links between state and so-called pressure indicators often poses the greatest
challenge (Greenstreet, 2008). To implement an EAFM successfully, therefore, it is
not only necessary to have a suite of indicators that accurately portray the “state” of
various ecosystem components, but it is also critical to have indicators that describe
changes in the level of different manageable human activities. Only by adequately
covering both aspects will the mechanistic links between “cause” and “effect” be well
enough understood to provide the advice required (Daan, 2005).
In order to provide some transparency in quantifying the many potential and actual
interactions between ecosystem components interaction tables which define the
relationships between human activities (pressures) and ecosystem state (state
changes) have been developed (see indicators special edition of ICES Journal of
Marine Science 2008). The distinction between using such tables to identify
5

Regulation (EC) No 2371/2002 of 20 December 2002 on the conservation and sustainable exploitation of
fisheries resources under the Common Fisheries Policy.
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significant interactions between human activities (pressures) and ecosystem
components is important and valuable particularly in relation to identifying
appropriate levels of monitoring, but this is not widely appreciated. Although the
approach is useful and significant, it is only one piece of the framework. Indeed, the
approach has some limitations in that not all relevant and significant interactions
between components are described. A more realistic, and arguably ecosystem
relevant, approach would be to consider and examine all the interactions between
relevant components in the form of a triangular matrix (Figure 35). Such a matrix
allows the components which contribute to both thematic and sectoral assessments to
visualised at the same time.

Figure 34. (from Levin et al. 2009). A Five-Step Process of Integrated Ecosystem Assessment. An IEA
begins with a scoping process to identify key management objectives and constraints, identifies
appropriate indicators and management thresholds, determines the risk that indicators will fall below
management targets, and combines risk assessments of individual indicators into a determination of
overall ecosystem status. The potential of different management strategies to alter ecosystem status is
evaluated, and then management actions are implemented and their effectiveness monitored. The cycle
is repeated in an adaptive manner.
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Figure 35. Example of a matrix approach used to describe the relationship or degree of interconnection
between human pressures (sectoral activities such as fishing) and ecosystem components (such as
benthos). The specific interactions between all sectors and ecosystem components can be readily
observed. For example, the specific interactions (as impacts) between dredging and all other
components of the system can be documented (highlighted in red), this would be an example of a
sectoral or sector specific assessment. In addition the interactions between plankton and all other
ecosystem components, including sectoral pressures, can be evaluated and this would be described as a
thematic assessment.

In considering the development of an EAFM in the NAFO region WGEAFM
highlighted the following pragmatic approach being developed in the Northeast
United States as showing some promise , namely: (1) the identification and definition
of ecological subunits on the shelf, based on an analysis of physiographic,
oceanographic and ecological variables, (2) the implementation of a spectrum of
different multispecies and full ecosystem models which can be used to assess
ecosystem temporal state and function, particularly of higher order variables such as
primary productivity and total biomass, and (3) an evaluation of the management
options using existing management tools for specifying ecosystem exploitation rates.
Furthermore, there is an explicit and pragmatic relationship between the application
of an IEA and the steps for implementing EAFM for any given spatially defined
marine ecosystems subject to fisheries management (Figure 36).
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Define Appropriate Spatial
Management Units
(based upon, ecological, social, economic
and political dimensions)

Define Principal Ecosystem
State and Functional
Processes
(to predict temporal dynamics of such
parameters as total productivity and biomass,
trophic structure etc.)

Management Tools to
Examine Exploitation Tradeoffs
(to utilise existing management tools such as
fishery quotas, harvest control rules, etc.)

Figure 36. The relationship between the 3 practical steps in moving towards the implementation of an
ecosystem approach to fisheries management (blue boxes) and the steps required to deliver effective
holistic integrated ecosystem assessments (IEA) shown in the red box.

2.11.1. Defining Appropriate Spatial Management Units
The specification of spatial management units is a critical pre-requisite to the
development of effective ecosystem approaches to management in both the shelf and
deep sea ecosystems. In general defining spatial management units requires
mapping areas of the seabed in order to define the most biologically productive,
diverse and human exploitable (resourceful) habitats. The spatial mapping and
assessment of seabed is well established for the relatively shallow and well mixed
shelf marine ecosystems, but the approaches and assessment methods deployed in
the relatively shallow (<100m) photic seas are not likely to be the most appropriate
methods for application in the deep-water environment. In addition, by developing
effective predictive and observational methods to identify the most biologically
sensitive (diverse) and productive habitats of the deep sea, it is likely that the most
potentially productive fisheries will be identified. In this respect it is likely that the
geology, sedimentology, hydrography and the presence of chemosynthetic sources of
primary production are likely to be the most important factors in mapping out such
areas in the deep sea environment. Furthermore, there is a need to identify such
VMEs and to protect them from the adverse effects of human activities.
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The type, area, and number of areas which should be protected in the deep sea is a
complicated task influenced by many factors, but in general the degree of protection
a reserve can offer to a species can be assessed by its dispersal capability and how
restricted the species is to a particular site (Kenchington, 1990). Species with low
dispersal that are restricted to small areas are likely to be well protected by small
reserves. However, highly mobile species may require extremely large reserves to
provide adequate protection. Some estimates suggest that 50–90% of the total utilised
habitat is needed (Clark, 1996; Lauck et al., 1998). The initial theory behind designing
marine protected areas was developed for terrestrial systems and adapted for the
coastal realm (Soule´ and Terborgh, 1999; Carr et al., 2003).
In addition, it has been suggested that the impacts of fishing on the lower parts of
many shelf ecosystems could be having an indirect, but significant, impact on deepwater ecosystems by virtue of many deep-water fish species having large vertical
(depth) distributions (Bailey et al., 2009). As many of the fishes whose abundances
have declined in deep-water shelf areas also include the apex predators in deepwater habitats, ecosystem-level changes are possible, but the relative importance of
predator pressure in structuring deep-water communities remains unclear (Bailey et
al. 2006). The possible vulnerability of deep-water communities to impacts, which are
occurring in shallower waters, implies that proposals for future deep-water marine
protected areas are likely to be of limited effectiveness unless fleet fishing effort is
controlled in the surrounding (including shallower) areas.
2.11.2. Defining Ecosystem State and Functional Processes
A wide range of analytical methods should be employed (including a range of model
types) to define and understand the principal dynamic properties of the spatially
defined ecosystem. In terms of the models available these can be classified in
increasing order of complexity as:
•
•
•
•
•
•
•

Fishery Production Potential Models
Aggregate-Species Surplus Production Models
Multispecies Production Models (e.g. Lotka-Volterra models)
Size Spectrum Models
Ecosystem Network Models (e.g. EcoPath)
Age/Size Structured Multispecies Models (e.g. Multispecies Virtual Population
Analysis)
Dynamic Ecosystem Models (e.g ATLANTIS)

The models differ not only in complexity but along a continuum from holism to
reductionism (with the models classified as embodying higher levels of complexity
also incorporating higher levels of structural detail. The choice of appropriate models
depends on the specific objectives of the analysis and factors such as the interplay
between model complexity and parameter uncertainty. In the NAFO region attention
is being focused in the use of the first two of these approaches to estimate the
productive capacity (or carrying capacity) of the system for a given set of
environmental/climate conditions. The fishery production potential models trace the
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flow of energy from primary producers through to the harvested components of the
system.
The aggregate-species surplus production approach was actually first used in
NAFO’s predecessor institution, ICNAF, to generate estimates of system-wide
maximum sustainable yield for the Northeast U.S. Continental Shelf. This early
analysis showed that the estimate of system-wide MSY was approximately 30%
lower than the result obtained if estimates from individual species stock assessments
were simply summed. It was inferred that interactions among species meant that all
species could not simultaneously be at biomass levels resulting in MSY (Bmsy). These
models also provide estimates of the level of fishing mortality that results in MSY
(Fmsy) and these estimates are also lower for the aggregate species model than for
most of the individual species Fmsy levels.
The basic conclusion emerging from initial results suggests that there are important
constraints on available energy must be considered in setting harvest policies at an
ecosystem level and in the deep seas estimating this accurately over space and time
will be a challenge. Further consideration of food requirements for threatened species
and apex predators under rebuilding strategies highlights the potential constraints
on available energy to meet overall ecosystem management objectives. This
perspective necessarily involves direct consideration of possible trade-offs among
harvested species if all cannot simultaneously be at Bmsy levels. Furthermore, the
transfer and recycling of energy and nutrients between the relatively shallow shelf
sea areas and the deep sea is likely to play an important role in determining the
overall levels of deep sea productivity in any given region. It is likely that the mixing
of predominantly shelf living fish species with deep sea species will be at its greatest
where the flux of energy from the shelf to the deep sea is also high. In addition,
mixing may be high in areas where the production of deep sea chemosynthetic
sources of energy is also high. These assertions require further investigation, but
determination of such processes is likely to be of fundamental importance in
establishing meaningful definitions of what constitutes a deep sea fishery from a
management perspective.

3. Parasites, pathogens and contaminants of deep-water fish with a focus
on their role in population health and structure
3.1. Introduction
This review provides a summary of the parasites, pathogens and contaminant related
impacts on deep-water fish normally found at depths greater than about 200m. There
is a clear focus on worldwide commercial species but has an emphasis on records
and reports from the NE Atlantic. In particular, the focus of species following
discussion were as follows: deep-water squalid sharks (e.g. Centrophorus squamosus
and Centroscymnus coelolepis), black scabbardfish (Aphanopus carbo), roundnose
grenadier, orange roughy, blue ling, tusk, greater silver smelt (Argentina silus),
Greenland halibut, oceanic redfish, alfonsino and red blackspot seabream (Pagellus
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bogaraveo). However, it should be noted that in some cases no disease or contaminant
data exists for these species. Where appropriate, bathymetric data was based on
definitions provided by (Bray et al., 1999; Bray, 2004).
Studies of diseases and parasites of deep-water fish are in their infancy and records
are scarce compared with economically and ecologically important species from
shallower waters. Furthermore, most studies have been carried out in the northern
hemisphere. Reports of parasites, pathogens and diseases of deep-water fish
generally consist of faunistic studies; in some cases these can be limited due to a lack
of taxonomic expertise in selected parasite groups. Klimpel et al. (2001) suggested
that studies on deep-water fish parasites (and pathogens) were limited because of
logistic constraints, limited numbers of fish being caught and the conflicting
requirements of different disciplines.
It has been estimated that deep-water fish have an average of 1.5 metazoan parasites
per fish species. In this context, metazoans comprise Myxozoa, Monogenea, Digenea,
Cestoda, Acanthocephala, Nematoda, Hirudinea and Copepoda. Inclusion of
protistans, bacteria and viruses will clearly increase this number greatly. With
around 13,500 fish species occurring at depths greater than 200m, it can be surmised
that somewhere between 20,000 to 43,000 different parasite species may occur on
deep water fish; to date only around 600 deep-water parasites have been identified or
recorded (Klimpel et al., 2001). Almost half of the parasites reported from deep-water
fish are Digenea, with copepods, cestodes and Monogenea making up the other half;
the remaining small number of species are represented by the other major parasitic
groups.
As a general rule, parasite diversity decreases with depth partly due to decreases in
biomass in the pelagic zone, leading to reduced prey availability and thus limiting
transmission for those parasite requiring intermediate hosts. Marcogliese (2002)
suggested that parasite species richness and intensity of infection are highest in
epipelagic and benthic zones, decrease in vertically migrating mesopelagics and are
lowest in deep non-migratory mesopelagic and bathypelagic fish. Furthermore,
mesopelagic and bathypelagic fish have impoverished parasite communities
compared with benthic fish, which possess a more diverse helminth parasite fauna

3.2. Taxonomic review
This includes, where possible, an overview of the major types, lifecycle patterns,
general distribution and any pathology recorded directly with those in deep-water
hosts.
3.2.1. Viruses
There is substantial literature on the viral fauna of deep-water sediments but there
are no reports of viral pathogens in deep-water fish species. These will certainly
occur and are likely to be involved in disease occurrence. It is highly likely that
lymphocystis disease, caused by an iridovirus will affect deep-water species but the
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disease is usually superficial and has not been associated with mortalities. This is an
area of scientific interest but without significant sampling effort viral infections are
unlikely to be detected bearing in mind the requirement for fresh material, ideally
not frozen.
3.2.2. Bacteria
As for viruses, bacterial pathogens have not been reported from deep-water fish.
3.2.3. Fungi (including Microsporidia)
Microsporean parasites are extremely common in fish and are agents of significant
disease conditions in freshwater and marine environments. Most fish species are
susceptible to these pathogens (which are now classified amongst the fungal
kingdom). There are however, only few records of microsporean parasites in deepwater fish.
Lom et al. (1980) recorded the presence of Pleistophora duodecimae in the musculature
of the rat-tail Coryphaenoides nasutus and Glugea capverdensis in the intestine,
mesentery and ovary of the lantern fish (Myctophum punctatum) from the Atlantic
Ocean. The former induced enlarged muscle fibres within which the parasite
developmental stages and spores had replaced the muscle. Only one fish out of 15
examined harboured the infection. This suggests that this parasite may be over
dispersed in the population with a few individuals expressing significant disease.
The infection with G. punctatum in lantern fish was detected in a single specimen.
Typical of infections with this genus the infection presented as numerous round or
oval xenomas (parasite cysts) up to 2mm in diameter in the intestinal wall.
Presumptive secondary xenomas were found in the ovary. Given the large number of
microsporean parasites known and the wide range of fish species affected it is
surprising that additional microsporean species have not been recorded from deepwater fish species.
True fungal pathogens possessing hyphae have not been recorded from deep-water
fishes. However, the well known fungal-like pathogen Ichthyophonus
(Mesomycetozoea) has been recorded in the liver of Scopelogadus beanii (Gunther)
from the Atlantic Ocean (Gartner & Zwerner, 1988). Diseased fish revealed cysts up
to 20mm in diameter in 4 out of 400 fish examined. Histologically, the infection
resulted in significant necrosis of the liver. It was noted that fish from the western
Atlantic and the slope waters of the mid-Atlantic Bight showed a higher prevalence
of infection than in fish from other areas. Based on the observed pathogenicity of the
infection the authors suggested that the infection could result in loss of
reproductively competent individuals. Ichthyophonus can occur at very high
prevalence in other fish species and the infection in herring stocks from the North
Sea was associated with population declines (Mellergaard & Spanggaard, 1997). It is
highly likely that Ichthyophonus is a pathogen of other deep-water fish and efforts
should be taken to investigate for this.
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3.2.4. Protista
Protistan parasites appear to be under represented in deep-water fish species taking
into account their abundance and diversity in marine species from coastal shelf
waters and in freshwater environments. This is almost certainly not to be the case
and is a reflection of the logistic difficulties in obtaining material and funding to
support the research. There are a few reports of protistan taxa that occur in deepwater species. Coccidiosis caused by Eimeria jadvigae has been reported in
Coryphaenoides holotrachys from waters off the Falkland Islands in the southern
Atlantic Ocean (Grabda, 1983). Infections in the swim bladder were detected in 80100% of the populations examined. Pathological changes were noted in the swim
bladders and comprised of extensive thickening and loss of structure to the organ.
Parasite stages were present throughout the tissues with spores being present at all
levels. The organ was effectively rendered non-functional by the infection. This
example demonstrates the capacity for these organisms to induce significant
pathological changes in their hosts, sufficient to compromise normal biological
functioning. Surprisingly, literature searches did not reveal any reports on other
protistan taxa affecting bathymetric fish species. Further investigations are needed to
ascertain the diversity and prevalence of these infections in deep-water fish species.

3.2.5. Myxozoa
Parasites of the phylum Myxozoa are common in fish and are the causative agents of
several economically important diseases in aquaculture systems and wild stocks.
They are highly specialised metazoans with complex life cycles, characterised by the
formation of multicellular spores with polar capsules and extrudible polar filaments.
Increasingly, there is evidence that these and other myxozoan pathogens can have a
significant effect on wild fish populations. In marine fish, myxosporeans (and other
parasites) have been proposed as useful tags for stock discrimination on the basis
that these provide useful indications on ecologically discrete populations rather than
purely genetic stocks.
In contrast to the protistan and prokaryotic organisms considered in the preceding
section, there are a number of studies which have examined deep-water fish for the
presence of myxosporeans, although few in the North Atlantic. However, in
combination they account for only 17% of parasite records (Bray, 19**). Several
families of myxozoan parasites have been described in deep-water fish, amongst
these are Myxobolidae, Parvicapsula, Sphaeromyxa, Auerbachidae, Alatosporidae,
Ceratomyxidae and Myxidiidae. Most of these are coelozic i.e. living in body cavities
such as the gall bladder, renal tubules and urinary bladder. Others, including the
myxobolids are histozoic, residing within tissues. However, both groups have
extrasporogonic developmental stages that may elicit a host response resulting in
significant pathology and compromise the ability of affected fish to function
normally. Reports from the rock grenadier in the North Atlantic include Myxidium
coryphaenoidium (Yoshino & Noble, 1972; Moser et al., 1976), Myxidium species,
Zschokkella hildae and Auerbachia pulchra (Zubchenko, 1975, 1981; Zubchenko &
Krasin, 1980). Additional reports of Myxosporea infections were provided by
Alioshkina et al. (19**) who examined Beryx sp. from the Whale Ridge (Northern
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Atlantic). In none of these cases were assessments on parasite pathogenicity
undertaken.
A series of reports by Moser, (1976 a & b); Moser & Noble (1975, 1976 a & b, 1977 a, b
& c and Moser et al., (1976) detected a variety of myxosporean parasites in
macrourids, sablefish (Anoplopoma fimbria), Sebastes sp. and rattails (C. pectoralis) in
deep-water off the Californian coast, again no information on pathogenicity was
provided. Despite the lack of information on these parasites as agents of disease,
numerous examples are present in the literature and many species are a major
problem in aquaculture of marine fish species as well as causing significant
detrimental effects on the flesh quality of several valuable species whereby muscle
necrosis and liquefaction results from infections with Kudoa and Unicapsula spp. It is
not known whether members of either of these genera exist in deep-water fish
species but it is likely.
3.2.6. Monogenea
Monogenea typically occur on external surfaces of a fish host, in particular on the
fins, skin and gills, and in some cases with a very restricted niche on their respective
hosts. A small number have successfully adapted to living inside their hosts and
have been found within the urinary bladder, within the visceral cavity and within
the gut (Alvarez et al., 2006; Bilong Bilong et al., 1994; Bilong-Bilong et al., 1996; du
Preez et al., 2007). Monogenea are classified into two major groups; the
Monopisthocotylea which possess small hooks and typically feed on skin and mucus
and the Polyopisthocotylea which are larger, possess clamps and feed on blood.
Monogeneans are viviparous or ovoviviparous, and have direct lifecycles. It has been
estimated that around 70 species of Monogenea occur on deep-water fish (Klimpel et
al., 2001). However, given that estimates of the number of Monogenea currently
described is somewhere around 25,000 (Whittington, 1998), it is likely that reports
and descriptions of Monogenea associated with deep-water fish are likely to increase.
Furthermore, deep-water monogeneans are distantly related to shallower water
forms and are considered to be archaic (Rohde, 1988). No pathological changes
associated with monogenean infections in deep-water fish have been reported,
although it is known that monogeneans can cause pathology as a result of feeding
and movement activities on the host.
The majority of monogeneans reported from deep-water fish are relatively hostspecific and are from the monogenean families Monocotylidae (5 spp.),
Acanthocotylidae (1 sp.), Capsalidae (9 spp.), Gyrodactylidae (2 spp.),
Tetraonchoididae (3 spp.), Dactylogyridae (3 spp.), Hexabothriidae (5 spp.),
Plectanocotylidae (2 spp.), Mazocraeidae (2 spp.), Anthocotylidae (1 sp.),
Discocotylidae (4 spp.), Heteraxinidae (1 sp.), Microcotylidae (5 spp.),
Diclidophoridae (39 spp.) and Microbothriidae (1 sp.). In most cases where deepwater fish have been examined, monogeneans have been found, although in some
cases these have not been identified to species. For example (Karlsbakk et al., 2002)
examined Hydrolagus affinis from depths of between 1300 and 2100m off Greenland
and found two monogeneans.
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Macrourids are hosts to monogeneans, Macrouridophora macruri being reported on the
gills of 20% of Macrourus berglax caught in water depths of around 300m in the
Greenland sea (Klimpel et al., 2006); Coryphaenoides brevibarbis, caught at depths of
around 2500m and Albatrossia pectoralis are hosts for Cyclocotyloides spp. (Kritsky and
Klimpel, 2007). Whilst only two species have been described within the genus
Cyclocotyloides, (Kritsky and Klimpel, 2007) consider that several undescribed species
may exist in deep- water hosts. Fish within the family Chimaeridae are hosts for
polyopisthocotyleans of the Callorhynchocotyle and Chimaericola spp. (Kitamura et al.,
2006; Pascoe, 1987). In addition, Centropomus nigrescens from the Pacific coast of
Mexico is host to the diplectanid Cornutohaptor nigrescensi (Mendoza-Franco et al.,
2006). A large scale survey of fish from the Rockall Trough at depths of around
1000m was conducted by (Pascoe, 1987) who showed that prevalences ranged from
around 5% to 100% for different monogenean species in a range of hosts, including
Coryphaenoides spp and Aphanopus carbo. Only 8 species of host out of 36 species
examined were found to be infected. However, for hosts deemed negative, only low
numbers of fish were examined, ranging from 1 to 12 (mean of 3 fish per species
examined). In addition, in-depth studies were only conducted on those hosts deemed
positive following an initial cursory screen of skin and gills. Thus it is possible that
Pascoe (1987) provides underestimates of the diversity of monogeneans in the
Rockall Trough. No information was provided on pathology of these parasites,
although overall low numbers of parasites were found on individual hosts and thus
are unlikely to have been considered detrimental to host survival.
Munroe et al. (1981) described Diclidophora nezumiae from the macrourid fish Nezumia
bairdii and showed that whilst the parasite occurred throughout the depth range of
capture (300-1900m), intensity and prevalence of infection was greater at depths of
700-1000m. They considered that this was due to the high density of hosts occurring
in this depth range, which corresponds to the mid-range of depths at which N. bairdii
occurs. Host size had limited impact on parasite densities which occurred
preferentially on the filaments of first gill arch.
A review of monogeneans from deep-water fish off south-eastern Australia (Rohde,
1988; Rohde and Williams, 1987) showed that the fauna of Monogenea was
depauperate compared with shallow water counterparts, a feature matched with
deep-water hosts in the north Atlantic. Of the 67 species of fish examined, only 16
species of Monogenea were found, and of these only 7 monogeneans could be
accurately identified to species (Rohde and Williams, 1987), empathising the lack of
taxonomic rigour in studies of this nature and the need for continued and in-depth
studies of the taxonomy of this important group of parasites.
3.2.7. Digenea
Digenea, or trematodes, have been extensively studied in deep-water fish, in part
due to the efforts of a small group of researchers with an interest in this field with
ready access to intestinal contents of fish (the predominant organ infected with
digeneans). In general the lifecycle of digeneans involves one or two invertebrate
hosts, a vertebrate host (in the aquatic environment this tends to be fish) and a final
vertebrate host in which sexual reproduction takes place. However, to date no
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complete lifecycles of deep-water digeneans have been elucidated, due to the
technically demanding needs of experimental approaches needed to complete
lifecycles in the laboratory, although theoretical lifecycles have been inferred form
survey data.
Digeneans have been recorded in most species of fish examined and recent studies
have led to the discovery of new species and genera (Blend et al., 2000; Blend et al.,
2004; Bray, 1990; Bray and Campbell, 1995; Bray and Gibson, 1991; Bray and Gibson,
1998; Campbell, 1975; Lumb et al., 1993; Palm et al., 1998; Pardo-Gandarillas et al.,
2008). It has been estimated that approximately 300 species of Digenea have been
reported from deep-water fish to date, but given the high diversity and relative
frequency at which new species are reported, this figure is likely to increase
(Klimpel et al., 2001). (Bray et al., 1999) in reviewing the phylogeny of deep-water
digeneans suggested that deep-water digeneans were derived from continental shelf
forms and that some host-switching may have occurred. Furthermore, they were able
to show that there was a lack of zoned depth-related digenean community structure.
Bray et al. (1999) suggested that only 18 families of digeneans (out of the 60 known in
fish) occurred in deep water and that whilst little is known about digeneans in deep
water, nothing at all is known about the diversity of digeneans in trenches and midocean ridges systems.
In common with other parasite groups, most studies of digeneans tend to be of a
faunistic nature and thus few papers exist on pathology associated with deep-water
digeneans. It is likely that those occurring in coelozoic positions in the host will have
limited impact on host survival; those occupying a histozoic position are more likely
to elicit a pathological response although this remains to be tested.
3.2.8. Cestoda
Tapeworms exist in both freshwater and marine fish species but are generally found
at low prevalence and low intensity in most hosts. Few pathogenic species occur
although it is known that heavy burdens of cestodes can lead to occlusion of the gut,
poor food assimilation, and in some cases, death. As with several other parasite
groups, little attention has been paid to the taxonomy of deep-water cestodes
reflecting a lack of taxonomic expertise in this important group of fish parasites.
Lifecycles of cestodes are generally relatively simple, usually involving an arthropod
and a one or two vertebrates as intermediate and final host. In marine systems,
elasmobranches tend to act as a final host. However, no complete lifecycles of
cestodes associated with deep-water fish have been elucidated to date.
It is likely that as more fish are examined specifically for the presence of cestodes (or
other parasites), new genera and species will be uncovered. For example, in
examining Squalus melanurus and an unidentified Centrophorus sp. from deep water
off New Caledonia, (Beveridge and Justine, 2006) described two new genera of
trypanorhynch cestodes, four new species of cestodes, plus provided a new host
record for another previously described cestode. Examination of shortfin spine eel
Notacanthus bonaparte from the northeast Atlantic resulted in the description of a new
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genus and species of pseudophyllidean cestode, Bathycestus brayi (Kuchta and Scholz,
2004). A new genus and species of pseudophyllidean (Australicola pectinatus) was
described from Beryx splendens from the Pacific coast of Tasmania, to add to the other
two species of cestodes previously reported from this species (Kuchta and Scholz,
2006). Other new species reported in deep-water fish include an unidentified
bothriocephalid from Bathylagus euryops caught at the Mid- Atlantic Ridge at depths
of between 2500 and 3000m (Busch et al., 2008) and Probothriocephalus alaini from the
intestine of Xenodermichthys copei (Alepocephalidae) from the North Atlantic (Scholz
and Bray, 2001). Typically, Grillotia spp., tetraphyllidean and pseudophyllidean
plerocercoids are reported in deep-water hosts (Brickle et al., 2006; Kellermanns et
al., 2009; Klimpel et al., 2007; Klimpel et al., 2008; Lester et al., 1988; Palm and
Klimpel, 2008; Palm and Schröder, 2001; Walter et al., 2002).
Members of a primitive cestode order (Gyrocotylidae), have been reported in
Chimaera spp. and Hydrolagus spp. Gyrocotyle spp. appear to be host and site specific,
normally occurring in the anterior tier of the spiral valve (Halvorsen and Williams,
1967). Whilst intense infections with larval stages occur, the parasite populations are
regulated by intrinsic factors within the parasite until only two adult stages remain.
Although not explicitly described by (Halvorsen and Williams, 1967), attachment of
the parasite to the spiral valve wall elicits a minor host response.
3.2.9. Acanthocephala
The Acanthocephala are a minor group of parasites that are closely allied to the
rotifers. Typically, they possess a spiny proboscis which gives rise to their common
name of spiny-headed worms. The sexes are separate and lifecycles are complex,
usually involving at least three hosts, including an invertebrate (normally an
arthropod), a teleost host and a mammalian or bird host in which sexually mature
adults mate and release eggs into the environment. In addition, numerous hosts can
act as paratenic (transport) hosts in which no development takes place. Within the
fish host, Acanthocephala are normally found attached via the proboscis to the
intestinal lining or encysted within the viscera. Pathology associated with
acanthocephalans can be variable, ranging from minimal or no impact through to
penetration of the intestinal wall by the proboscis or encapsulation of parasites by a
host response. It is recognised that some acanthocephalans can alter host behaviour
to maximise transmission to the next host (Baldauf et al., 2007; Cornet et al., 2009;
Médoc et al., 2006; Tain et al., 2007).
Records of acanthocephalans in deep-water fish worldwide are sparse, with the
majority of records from Antarctic and sub-Antarctic fishes. This in part reflects the
efforts of a small number of researchers to categorise parasites in these areas rather
than a true representation of their distribution (Campbell et al., 1980). Unusually
Zdzitowiecki (1996) provided depth data following a survey of fish for their
acanthocephalan burdens. Acanthocephalans were recorded in fishes at depths in
excess of 1540m. Brickle et al. (2006) in considering parasites as tags for the
Patagonian toothfish (Dissostichus eleginoides) around the Falkland Islands, reported
on the presence of larval Corynosoma bullosum, which has been reported in a number
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of other hosts, including Notothenia coriiceps and Macrourus whitsoni (Edmonds, 1954;
Klimpel et al., 2006; Palm et al., 1998; Walter et al., 2002). Zdzitowiecki (1986)
considered that this parasite predominately occurred in fish collected below 100m in
the Antarctic. Whilst no comment has been made on any pathology associated with
this parasite by any authors, it is likely that this parasite has minimal impact on the
host. Similarly, the presence of Hypoechinorhynchus thermaceri from the abyssal
zoarcid Thermaceres andersoni from the eastern Pacific at 2650m was described with
the absence of any pathological data (de Buron, 1988).
At least ten species of Echinorhynchus have been recorded from deep-water fish,
including E. brayi from Pachycara crassiceps (Zoarcidae) from the Porcupine Seabight
(Wayland et al., 1999) and E. longiproboscis from the intestines of D. eleginoides and
Macrourus holotracys from the Falkland Islands (Rodjuk, 1986). Some of these records
will need to be reassessed in the light of new understandings of the genetic
relationships of this group and new taxonomic criteria used to discriminate species.
For example, both E. gadi and E. truttae have been recorded in the Antarctic and in
deep-water fish from the north Atlantic respectively (Melendy et al., 2005).
However, both are normally parasites of shallow water fish from the north Atlantic.
3.2.10. Nematoda
Nematoda have complex lifecycles involving at least three hosts. Many nematodes
are also able to utilise paratenic hosts to maximise transmission to the final hosts,
usually a bird or mammal. Few parasitic nematodes have successfully invaded the
deep sea, although a number of genera normally occurring in shallower water, such
as Pseudoterranova, Contracaecum and Anisakis are found deep-water fish (Alioshkina
et al., 1985; Blaylock et al., 2003).
Particularly important in view of its potential zoonotic impact is the presence of
Anisakis spp. in many deep-water fish species (Gartner and Zwerner, 1989; Klimpel et
al., 2003; Klimpel et al., 2004; Klimpel et al., 2007). Molecular confirmation of the
presence of further zoonotic nematodes Pseudoterranova decipiens (and A. simplex) has
been conducted in macrourids collected at depths of approximately 400m around
Greenland (Kellermanns et al., 2007). Coryphaenoides mediterraneus collected at depths
of between 1700 and 3500m from the Charlie-Gibbs Fracture Zone on the MidAtlantic Ridge were found to be infected with A.simplex s. l., Ascarophis longiovata,
Capillaria sp., H. aduncum, Neoascarophis longispicula and Spinitectus oviflagellis.
Aniskais sp. and Hysterothylacium sp. have also been recorded in the stomachs of
Halosauropsis macrochir along with a new species of Comphoronema from the same
geographical zone at depths of between 2500 and 3000m (Klimpel et al., 2008;
Moravec and Klimpel, 2007a). Moravecnema segonzaci was described from the
intestine of Pachycara thermophilum (Zoarcidae) caught at a hydrothermal vent at the
Mid-Atlantic Ridge, at depths of 3000 to 3500m (Justine et al., 2002). To date this is
the only species of parasitic nematode reported from hydrothermal vent fish.
Descriptions and redescriptions of nematodes from deep-water fish continue to be
made, particularly in light of new expeditions but often as a result of specific
taxonomic expertise of individuals (Moravec et al., 2010; Moravec and Klimpel,
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2007b; Moravec and Klimpel, 2009). However, limited studies exist on the pathology
of these parasites in deep-water fish.
3.2.11. Copepoda and Isopoda
Few species of parasitic copepods have successfully exploited deep-water fish. It has
been estimated that only about 50 species of parasitic copepods occur (Boxshall,
1998). Deep-water parasitic copepods occur mainly in the order Siphonostomatoida
and to a lesser extent, within the order Cyclopoida. The genera of parasitic copepods
found associated with fish are shown in Table 4 below. In common with other
parasitic copepods, all deep-water copepods have simple lifecycles, not requiring the
use of intermediate hosts. Some parasitic copepods, including members of the
Lernaeopodidae, Sphyriidae and Chondracanthidae, show sexual dimorphism,
relying on dwarf males that become parasitic on the larger females to ensure sexual
reproduction takes place, limiting the problems associated with finding suitable
partners (Østergaard and Boxshall, 2004). Members of the family Pennellidae
normally utilise two successive hosts in their lifecycle (Goater and Jepps, 2002; Tirard
et al., 1996; Van Damme et al., 1993). However, the pennellid Sarcotretes scopeli
reported from at least 6 families of deep-water fish appears to only use a single host
in order to complete its lifecycle (Boxshall, 1998). It has been promulgated that this
truncated lifecycle and wide host specificity in pelagic deep-water fish may occur as
a direct result of the difficulty of finding suitable hosts in deep water. Host specificity
of deep-water parasitic copepods on demersal hosts is apparently far more restricted.
Unlike copepods, few records for parasitic isopods exist. This is not surprising as it
reflects in part a lack of taxonomic expertise in this group which have received only
modest attention by parasitologists (Bunkley-Williams and Williams, 1998). The
isopod Syscenus infelix (Aegidae) has been reported from macrourid hosts,
particularly Nezumia spp. from the western north Atlantic and in the Mediterranean
at depths of between 400 and 2000m (Kensley and Cartes, 2003; Ross et al., 2001).
This blind isopod attaches to the dorsal midline immediately behind the first dorsal
fin, with apparently only a single isopod per fish. At the attachment site, a
characteristic depression is formed as a result of feeding on scales and tissues of the
host (Kensley and Cartes, 2003). Three further isopods from the family Aegidae, Aega
angustata, A. cf. deshaysiana and A. webbii have been reported from the deep-water
sharks Hexanchus nakamurai, Squalus megalops and S. melanurus around New
Caledonia at depths of between 300 and 900m (Trilles and Justine, 2004). A
cymothoid isopod, Elthusa parabothi was described from Parabothus kiensis caught at
around 400m off New Caledonia; no pathology associated with the parasite was
noted (Trilles and Justine, 2004).
Limited specific studies have been conducted on the pathology associated with deepwater parasitic copepods, with most reports being faunistic descriptions. Members of
the families Sphyriidae, and to a lesser extent Pennellidae, attach to their fish host by
burrowing deep into the musculature. The pathology associated with penetration
and attachment into the musculature of Sebastes spp. by Sphyrion lumpi is well
documented. Ulceration at the point of attachment is common (Gaevskaya and
Kovaleva, 1984), with a connective tissue capsule surrounding the head of the

80

parasite within the tissues. It is assumed that all members of the Sphyriidae and
Pennellidae elicit a similar host response with the possibility of secondary infections
affecting the host through the open attachment point. The pennellids
Pseudolernaeopodina synaphobranchi and Lernaeopodina longibrachia attach to the eyes of
Synaphobranchus kaupi and Hydrolagus affinis respectively (Hogans, 1988a; Karlsbakk
et al., 2002). Whilst no pathology was reported in either of these reports, it is known
that copepod infections of the eye can be detrimental to host survival (Benz et al.,
2002a; Borucinska et al., 1998). However, in examining eyes of Greenland sharks
infected with Ommatokoita elongata, (Borucinska et al., 1998) concluded that whilst
there was strong evidence of destruction of the eye leading to blindness, they were
unable to unequivocally demonstrate a detrimental impact of the parasite on host
survival possible due to the habit of the host to rely on olfactory cues to find its prey.
It is therefore possible that a similar process is occurring with other deep-water fish
affected by eye copepods. Sarcotaces spp. encyst in the musculature within a small sac
like structure filled with an inky like substance that is derived from the
haematophagous nature of the parasite (Bullock et al., 1986). The presence of this
inky black liquid gives rise to the common name for this parasite of “iodine worms”.
Whilst not particularly pathogenic to the host, the parasite can reduce marketability
of the host if the sac is cut during processing as the fluid can taint the flesh.
The pennellid Cardiodectes medusaeus, whilst seen attached to the outside of lantern
fish, actually penetrate through to the bulbus arteriosus of the heart (Perkins, 1983;
Perkins, 1985). The parasite has a two host lifecycle, with juvenile, postembyrominc
stages occurring in the mantle cavity of pelagic gastropods (Perkins, 1983). Whilst the
parasite castrates the host and is able to promote somatic growth of both male and
female fish, there appears to be no relationship between host length and parasite
numbers (Moser and Taylor, 1978). In addition, (Moser and Taylor, 1978) suggested
that mortalities are directly attributable to presence of the parasite, which feeds on
host erythrocytes (Perkins, 1985). On the other hand the pennellid Sarcotretes scopeli,
retards growth and gonadal maturation of its host Benthosema glaciale (Gjøsaeter,
1971), whilst the cirriped Anelasma squalicola retards gonadal maturation of
Etmopterus spinax and, in older sharks can “exhaust the resources of the host”
(Hickling, 1963). An unidentified isopod on the external surfaces of this small shark
have been noted which apparently feeds on the blood of the host.
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Table 4. List of genera of parasitic copepods reported from deep-water fish.
Order
Family
Genus
Number deepwater species
Siphonostomatoida
Sphyriidae
Lophoura
15+

Lernaeopodidae

Pennellidae

Typical hosts
Macrouridae,
Apogonidae,
Synaphobranchidae

Geographical
area
Atlantic, Pacific

Paeonocanthus

2

Bathylagus spp.

Periplexis
Sphyrion

1
2

Brachiella
Clavella

1
10+

Alepocephalidae
Macrouridae, Sebastes,
Ophidiids
Macrouridae
Macrourids

Eubrachiella

1

Nototheniidae

Lernaeopodina

2

Atlantic

Parabrachiella

1

Holocephalans,
Centrophorus,
Sebastes

Pseudolernaeopodina
Cardiodectes

1
1

Synaphobranchus
Myctophidae

New Jersey, USA
Pacific

Exopenna
Peniculus

1
1

Antimora
Sebastes

France
North east Pacific

Sarcotretes

2

Macrourids
Myctophids
Hatchet fish,
Melanocetidae,
Bathylagidae

New Caledonia,
Atlantic, Pacific

Antarctic, North
Atlantic
Indo-Pacific
Pacific, Atlantic
Pacific
North Atlantic,
Antarctic, Japan
Antarctic

Pacific, Atlantic

Reference

Depths

(Boxshall, 1989;
Boxshall, 2000; Gómez
et al., 2009; Hogans
and Dadswell, 1985)
(Ho et al., 2003;
Hogans, 1986)
(Boxshall, 2000)
(Gaevskaya and
Kovaleva, 1984)
(Ho, 1975)
(Castro and Gonzalez,
2009; Ho, 1993)
(Ho and Takeuchi,
1996)
(Kabata, 2004;
Karlsbakk et al., 2002)
(Leaman and Kabata,
1987)
(Hogans, 1988a)
(Boxshall, 2000; Moser
and Taylor, 1978;
Perkins, 1983)
(Boxshall, 1986)
(Kabata and Wilkes,
1977)
(Boxshall, 1989; Cherel
and Boxshall, 2004;
Hogans, 1988b)

600-2500m

800-2700m
900m
100-500m
1710-3330m
100-820m
1300 -2100m
200-350m
1975m
1000m

2540m
770m
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Order

Family

Genus

Siphonostomatoida

Hyponeoidae

Cyclopoida

Greeniedeets
Hyponeo
Tautochondria

Number deepwater species
1
1
1

Typical hosts

Geographical
area
Madagascar
North Pacific
Grand Banks,
Nova Scotia
New Caledonia
Japan
New Caledonia

Reference

Depths

Centrophorus
Paralepid
Anoplogaster

(Benz, 2006)
(Ho, 1987)
(Ho, 1987)

830m
970-1300m

Hatschekiidae
Archdactylinidae
Caligidae

Laminohatschekia
Archidactylina
Avitocaligus

1
1
1

Eels
Hagfishes
Trichiuridae

(Boxshall, 1989)
(Izawa, 1996)
(Boxshall and Justine,
2005)
(Ho, 1975; Ho, 1994;
Østergaard, 2003;
Østergaard and
Boxshall, 2004)
(Castro Romero, 2001)

970m
300-600m
150-400m

Chondracanthidae

Chondracanthodes

3

Macrourids

Atlantic and
Pacific Ocean

Lateracanthus

2

Macrourids

Jusheyhoea

3

Macrourids

Aleutian Deep,
Chile
Japan, Hawaii,
Chile

540-700m

Japan
Japan, Atlantic,
Australia
North Atlantic

(Ho, 1994; Kabata,
1991; Salinas et al.,
2008)
(Ho, 1994)
(Ho, 1994)

Chelonichondria
Chondracanthus

1
1

Macrourids
Macrourids

Philichthyidae

Sarcotaces

2

Macrourids
Morids

(Bullock et al., 1986)

400-2000m

Lernaeosoleidae

Bobkabata

1

Sculpins

Northwest
Atlantic,
Western North
Pacific

(Benz et al., 2002b;
Benz and Braswell,
1998; Hogans and
Benz, 1990)

1400m

1000-5440m

1115-1150m

1185m
450m+
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3.3. Parasites as tags
The use of parasites as biological tags has a long and varied history. However, in part due to
the somewhat simplistic statistical approaches used by previous researchers, they have been
dismissed by workers in other fields as lacking suitable rigour. However, recent advances in
statistical approaches and a greater understanding of the underlying reasons for variability
on parasite faunas between stocks has led to an increased revival in their application
(Ayvazian et al., 2004; Brickle and MacKenzie, 2007; Lester and MacKenzie, 2009;
MacKenzie and Abaunza, 1998; Marcogliese et al., 2003; Pawson and Jennings, 1996;
Perdiguero-Alonso et al., 2008; Power et al., 2005; Santos et al., 2009).
Parasites have been used as biological indicators of population biology, migration, diet,
phylogeny, recruitment, origin of fish products and pollution (including as bioaccumulators
of heavy metals) (Abaunza et al., 2008; Bakay and Melnikov, 2002; Baker et al., 2007; Brickle
and MacKenzie, 2007; Durieux et al., 2007; Durieux et al., 2010; Ferrer-Castelló et al., 2007;
Grutter, 1998; Lester and MacKenzie, 2009; MacKenzie, 2002; MacKenzie and Abaunza, 1998;
MacKenzie and Longshaw, 1995; Marcogliese et al., 2003; Moles et al., 1998; Oliva, 2001;
Oliva et al., 2008; Power et al., 2005; Sures et al., 1997a; Sures et al., 1997b; Sures et al., 1999;
Sures, 2001; Sures and Reimann, 2003; Walker and Myers, 1992; Yanulov, 1974). The basic
premise of the use of parasites as tags is that fish can only become infected with a parasite
when they come within the area which is suitable for transmission of the parasite. Thus if a
fish is found infected with a particular parasite species outside of this endemic area, it
follows that the host must have been inside this endemic region at some point in its lifehistory. Coupled with information on the parasite longevity and to a lesser extent, lifecycle
data, it is possible to infer the maximum length of time since the host came in contact with
the parasite in question. Clearly the more parasites from different endemic areas examined
the greater the resolution of information. The different lifecycle strategies employed by
parasites impact on the utility of tags, with those having direct or simple lifecycles being
affected more by environmental conditions whilst those parasites requiring two or more host
lifecycles have a requirement for all hosts to be present in order for the lifecycle to be
completed.
MacKenzie and Abaunza (1998) consider that parasite tags should be seen a complimentary
to other approaches for ascertaining biological data such as genetics, mechanical tags and
other biological characteristics. Clearly this integrated approach will provide a more
powerful dataset to understand the whole biology and ecology of the host compared with
singular approaches. Biological tags have a number of advantages over mechanical tags
including being more appropriate for deep-water fish and delicate species that may be
damaged or killed by the action of tagging or for species where it is impossible to attach tags
for whatever reason. The approach is considered less expensive as samples can be obtained
from routine sampling programmes without the need to rely on cruises specifically designed
for tagging although provenance of the samples collected needs to be ensured. In addition,
the use of biological tags eliminates any doubts surrounding the possible abnormal
behaviour of artificially tagged hosts and limits the low return experienced by mechanically
tagged fish. Collection of other biological data (including gut contents) at the same time
provides a robust data set for analysis. Recent novel approaches for discriminating stocks
through the use of parasites include random forests; a statistical modelling that is essentially
an ensemble of learning techniques where individual decisions of a large set of random
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classifiers are combined by majority voting in order to obtain predictions that are more
accurate than any individual classifier such as linear discriminant analysis or artificial neural
networks (Perdiguero-Alonso et al., 2008).
3.3.1. Applications in deep-water fish
Several studies have been conducted explicitly on the use of parasites as biological tags for
deep sea fish. In addition, studies have been conducted on parasite faunas of deep sea fish
from different areas but no implications have been made by those authors regarding the
utility of the parasite faunas as tags. One of the more widely studied group of deep water
fish with regards tags are grenadiers (Coryphaenoides and Macrourus spp.). Clear differences
in the parasite faunas and in prevalences were noted by (Szuks, 1980; Walter et al., 2002;
Zubchenko, 1985) for these hosts strongly supporting the value in using parasites as
biological tags for stock structure. Several studies of the parasite fauna of the Patagonian
tooth fish have consistently shown that they possess different parasite faunas depending on
depth of capture and geographical locality with strong evidence that the differences
observed are stable and thus parasite faunas can be useful tags for stock structure (Brickle et
al., 2006; Oliva et al., 2008).
Other studies involving the use of parasites as biological tags includes the redfish (Sebastes
spp.). For many years the copepod parasite Sphyrion sp. has successfully been used as a stock
discrimination tag. Differences in parasite faunas of S. mentella were used to suggest that
different, reproductively isolated stocks of this host exist across its range (Bakaj, 1993; Bakay,
1988; Bakay, 2001; Bakay and Mel'Nikov, 2008; Bakay and Melnikov, 2002; Melnikov and
Bakay, 2009). Similar results were obtained by (Moran et al., 1996) for redfish collected off
Canada.
There are very clear examples in the literature where the application of parasites as biological
tags for stock structure in deep-water fish has been successful. An initial assessment of
parasites that may prove useful include protistans, monogeneans and copepods. Thus,
studies should be directed towards these major groups in the first instance.
3.4. Contaminants
Concern on the effect of anthropogenic contaminants on the deep-water fauna has only
recently resulted in studies to examine contaminant burdens in deep sea fish species.
Investigations in the Atlantic Ocean are few and have been restricted to organic compounds
(Barber & Warlen, 1979; Kramer et al., 1984; Froescheis et al., 2000; Webster et al., 2009).
Increasingly it appears that deep water environments can act as a sink for contaminants and
that bioaccumulation in the resident fauna, particularly fish, is a significant issue for those
species in particular that may be suitable for human consumption. Organic pollutants in
benthic fish species may be between 10 and 17 times higher than that measured in surface
species (Looser et al., 2000).
Studies on polychlorobiphenyls (PCBs) and pesticides have been undertaken in black
scabbardfish, orange roughy, roundnose grenadier and Bathysaurus ferox from a number of
locations in the NE Atlantic (Mormede & Davies, 2003). For several of the species
investigated by these authors, contaminant levels were elevated in males compared to
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females. This was thought to be due to elimination in females through egg production.
Highest levels of contaminants were found in the deepest dwelling species, B. ferox with
concentrations up to 10 times higher than that recorded in other species. A more recent study
by Webster et al. (2009) examining chlorobiphenyls (CBs) in fish collected from the Rockall
Trough off the west of Scotland (North east Atlantic Ocean) showed that for some fish
species levels in the liver were above OSPAR Background Assessment Concentrations
(BAC). However, analysis of the data using published models showed that consumption of
fish muscle is unlikely to pose a risk to human health.
Contamination with PCBs and organochlorine pesticides in deep-water fish from the
Mediterranean Sea and has also been identified (Storelli et al., 2007, 2009). The authors draw
attention to the potential adverse health effects on the fish and for the need to undertake
further assessments to allow effective management and long-term conservation of the
ecosystem in the region. Few investigations into heavy metal contamination have been
undertaken (Fowler, 1990). A number of studies have been undertaken in the Eastern
Atlantic in Portugese waters. Afonso et al. (2007) and Costa et al. (2009) showed that levels of
mercury, cadmium and lead concentrations in black scabbardfish were highest in the liver
for mercury and cadmium and in the gonad for lead. Fish captured from around Madeira
were found to contain significantly higher levels of metals than in fish from areas off the
mainland and the Azores. It was suggested by Afonso et al. (2007) that moderate
consumption of black scabbardfish muscle from these areas does not pose a risk to human
health. Analysis of other deep-water species in Portugese waters confirms the view that the
flesh should only be consumed sparingly (Afonso et al., 2008).

4. Policy drivers impacting on deep-water fisheries and ecosystems in the NE
Atlantic
4.1. Introduction
This review refers to policy drivers applying to or impacting upon deep-water fisheries and
ecosystems in the NE Atlantic. However, some of these drivers, UNGA Resolutions for
example, are not specific to this area and impact on deep-water fisheries and ecosystems in
all parts of the world, including those areas addressed in later sections below.
Many marine living resources exploited by deep-water fisheries (DWFs) have biological
characteristics that create specific challenges for their sustainable utilization and
exploitation. These include: (i) maturation at relatively old ages; (ii) slow growth; (iii) long
life expectancies; (iv) low natural mortality rates; (v) intermittent recruitment of successful
year classes; and (vi) spawning that may not occur every year. As a result, many deep-water
marine living resources have low productivity and are only able to sustain very low
exploitation rates. Also, when these resources are depleted, recovery is expected to be long
and is not assured. The great depths at which marine living resources are caught by DWFs
on the high seas pose additional scientific and technical challenges in providing scientific
support for management. Together these factors mean that assessment and management
have higher costs and are subject to greater uncertainty (FAO, 2009). In most cases, reliable
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information on stock status and fisheries production potential has lagged considerably
behind exploitation.
In the NE Atlantic this has been exacerbated by the fact that until 2003 most fisheries were
completely unregulated, in spite of concerns regarding declining deep-water stocks
expressed by ICES from the mid-1990s onwards (ICES, 1994; 1996). This concern, coupled
with pressure from Non-Governmental Organisations (NGOs), resulted in 2002 in the
introduction of specific European Union (EU) deep-water fisheries management measures.
Prior to 2003 there was largely a policy vacuum but since then, policy, both internally within
the EU and externally in bodies such as the UNGA, has developed considerably as concerns
regarding the sustainability of deep-water fisheries and the impact of fisheries on the deepwater ecosystem have intensified.
The deep-water fisheries in the NE Atlantic fall under the management policy remits of the
Northeast Atlantic Fisheries Commission (NEAFC) for international waters and sovereign
states within their EEZs. In the NE Atlantic the latter include:•
•
•
•
•

the EU Common Fisheries Policy for EU waters;
Faroese national fisheries policy and regulation within Faroese waters;
Greenlandic national fisheries policy and regulation for the waters around east
Greenland;
Icelandic national fisheries policy and regulation within Icelandic waters;
Norwegian national fisheries policy and regulation within Norwegian Waters;

The OSPAR Convention is the current legal instrument guiding international cooperation on
the protection of the marine environment of the NE Atlantic.
It is not possible here to review all policy drivers relevant to the deep sea in the NE Atlantic,
as much of the national state policy is not readily available in English. So here I focus on,
firstly, presenting the salient features relevant to DEEPFISHMAN of recent World Summits,
UNGA resolutions, FAO guidelines and Plans of Action (POA), EU (including
communications from the Commission on future policy) and OSPAR policy drivers. This,
should be useful to DEEFISHMAN participants who may not be fully conversant with the
details of policy. However, there are inherent dangers in summarising complex policy
documents, so they are presented in abbreviated form leaving the subtle checks and balances
intact (bearing in mind that much of policy is drafted by lawyers). Policy regarding
sovereignty (Law of the Sea etc), deep-water mining and oil exploration, some of which is
relatively new, is not addressed as it is considered to be outside the remit of
DEEPFISHMAN.
4.2. World Summit Resolutions
These apply universally to all fisheries including deep-water fisheries and are as follows:Extract of the Implementation Plan adopted at the World Summit on Sustainable Development
(WSSD), Johannesburg (2002) states that to achieve sustainable fisheries, the following actions
are required at all levels:
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(a) Maintain or restore stocks to levels that can produce maximum sustainable yield (MSY)
with the aim of achieving these goals for depleted stocks on an urgent basis and where
possible not later than 2015;
(b) Ratify or accede to and effectively implement the relevant UN and associated regional
fisheries agreements, noting United Nations Convention on the Law of the Sea
(UNCLOS) (1982) relating to the Conservation and Management of Straddling Fish
Stocks and Highly Migratory Fish Stocks and the Agreement to Promote Compliance
with International Conservation and Management Measures by Fishing Vessels on the
High Seas (1993);
(c) Implement the 1995 Code of Conduct for Responsible Fisheries (1995), taking note of the
relevant international POA and FAO technical guidelines;
(d) Urgently develop and implement national and appropriate regional POAs, to put into
effect the international FAO POAs, in particular the International POA for the
Management of Fishing Capacity by 2005 and the International POA to Prevent, Deter
and Eliminate Illegal, Unreported and Unregulated (IUU) Fishing by 2004. Establish
effective monitoring, reporting and enforcement, and control of fishing vessels,
including by flag States;
(e) Eliminate subsidies that contribute to illegal, unreported and unregulated fishing and to
over-capacity, while completing the efforts undertaken at the World Trade Organization
(WTO) to clarify and improve its disciplines on fisheries subsidies, taking into account
the importance of this sector to developing countries.
4.3. UNGA Resolutions
The UNGA resolutions relating to deep-water fisheries in the main apply to international
waters, which in the NE Atlantic are managed by NEAFC. However, these resolutions do
influence policy in national EEZs.
UNGA Resolution 61/222, Oceans and the Law of the Sea (March 2007) calls upon States that
have not done so to become parties to the Agreement for the Implementation of the
Provisions of UNCLOS relating to the Conservation and Management of Straddling Fish
Stocks and Highly Migratory Fish Stocks (“the Fish Stocks Agreement”). It reaffirms the
need for States and Regional Fisheries Management Organisations (RFMOs) to urgently
consider ways to integrate and improve the management of risks to the marine biodiversity
of seamounts, cold water corals, hydrothermal vents and certain other underwater features.
This resolution also reaffirms the need for States to continue their efforts to develop and
facilitate the use of diverse approaches and tools for conserving and managing vulnerable
marine ecosystems (VMEs), including the possible establishment of marine protected areas
(MPAs), and the development of representative networks of any such MPAs by 2012. Noting
the Convention on Biological Diversity, States and RFMOs are encouraged to assess
scientific information on, and compile ecological criteria for the identification of marine
areas that require protection, in light of the objective of the World Summit on Sustainable
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Development. This resolution also calls upon States and RFMOs to urgently take action to
address destructive practices that have adverse impacts on marine biodiversity and
ecosystems, including seamounts, hydrothermal vents and cold water corals. States,
individually or in collaboration with each other or with relevant international organizations
and bodies, are encouraged to improve their understanding and knowledge of the oceans
and the deep sea, including, in particular, the extent and vulnerability of deep sea
biodiversity and ecosystems, by increasing their marine scientific research activities.
UNGA Resolution 61/105, deep-water high seas fisheries (March 2007)6, requires States to make
available through the FAO a list of those vessels flying their flag authorized to conduct
bottom fisheries in areas beyond national jurisdiction7. In addition, RFMOs are required to
implement measures to regulate bottom fisheries in accordance with the Precautionary
Approach (PA), the Ecosystem Approach (EA) and international law, not later than 31
December 2008, involving:
(a) To assess whether individual bottom fishing activities would have serious adverse
impacts (SAIs) on VMEs, and to ensure that if it is assessed that these activities would
have SAIs, they are managed to prevent such impacts, or not authorized to proceed;
(b) To identify VMEs and determine whether bottom fishing activities would cause SAIs to
such ecosystems and the long-term sustainability of deep sea fish stocks, by improving
scientific research and data collection and through new and exploratory fisheries;
(c) Where VMEs, including seamounts, hydrothermal vents and cold water corals, are
known to occur or are likely to occur, 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 SAIs on VMEs;
(d) Requires members of RFMOs to require vessels flying their flag to cease bottom fishing
activities in areas where, in the course of fishing operations, VMEs are encountered, and
to report the encounter so that appropriate measures can be adopted in respect of the
relevant site.
4.4. FAO Guidelines
The FAO, in response to requests for guidance on the application of above UNGA
resolutions, published in 2009 the FAO International Guidelines for the Management of Deepwater Fisheries (DWFs) in the High Seas. These provide guidance on management factors
ranging from an appropriate regulatory framework to the components of a good data
collection programme. They identify key management considerations and measures
necessary to ensure the conservation of target and non-target species, as well as affected
habitats. The guidelines are voluntary and have been developed for fisheries that occur in
6

There is some overlap between Resolutions 61/222 and 61/105 particularly in relation to VMEs, however the former encourages
the use of MPAs as measure to protect VMEs and specifically calls for increased marine scientific research into, and actions to
address, destructive practises on deep-water biodiversity and ecosystems
The primary outcome arising from this was an FAO “Worldwide review of bottom fisheries on the high seas” (Bensch et al,
2008).
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areas beyond national jurisdiction where the total catch includes species that can only
sustain low exploitation rates and the fishing gear is likely to contact the seafloor during the
normal course of fishing operations. States and RFMOs should consider, as appropriate, the
application of elements of the Guidelines to fisheries targeting medium productivity species.
Coastal States (CSs) may apply these Guidelines within their national jurisdiction, as
appropriate. The main objectives of the management of DWFs are to promote responsible
fisheries that provide economic opportunities while ensuring the conservation of marine
living resources and the protection of marine biodiversity, by ensuring the long-term
conservation and sustainable use of marine living resources in the deep seas and preventing
SAIs on VMEs. In order to achieve these objectives, States and RFMOs should adopt and
implement measures in accordance with (i) the PA, (ii) an EA to Fisheries (EAF) and (iii) in
conformity with the relevant rules of international law. States and RFMOs should also
recognise the need, in managing DWFs, to:
(a) adopt measures necessary to ensure the conservation of target and non-target species,
including relevant reference points, as well as measures for the prevention of SAIs on
VMEs and the protection of the marine biodiversity that these ecosystems contain;
(b) identify areas or features where VMEs are known or likely to occur, and the location of
fisheries in relation to these areas and features;
(c) develop data collection and research programmes to assess the impact of fishing on
target and non-target species and their environment;
(d) base the management of DWFs on the best scientific and technical information available
taking into account fishers knowledge, where appropriate;
(e) develop and use selective and cost-effective fishing methods and promote efforts to
further improve such selectivity, recognizing the difficulties of managing fisheries with
mixed species or high bycatch;
(f) implement and enforce conservation and management measures through effective
monitoring, control and surveillance (MCS);
(g) take appropriate measures to address the problems of overcapacity, overfishing and IUU
fishing, and
(h) ensure transparency and public dissemination of information, in accordance with
appropriate standards for confidentiality, as well as enable participation of relevant
stakeholders.
The risks to a marine ecosystem are determined by its vulnerability, the probability of a
threat occurring and the mitigation means applied to the threat. The vulnerability of marine
ecosystems 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. The most vulnerable ecosystems are those that
are both easily disturbed and very slow to recover, or may never recover. The vulnerability
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of populations, communities and habitats must be assessed relative to specific threats. Some
features, particularly those that are physically fragile or inherently rare, may be vulnerable
to most forms of disturbance, but the vulnerability of some populations, communities and
habitats may vary greatly depending on the type of fishing gear used or the kind of
disturbance experienced.
SAIs are those that compromise ecosystem integrity (i.e. ecosystem structure or function) in
a manner that: (i) impairs the ability of affected populations to replace themselves; (ii)
degrades the long-term natural productivity of habitats; or (iii) causes, on more than a
temporary basis, significant loss of species richness, habitat or community types. Impacts
should be evaluated individually, in combination and cumulatively. Temporary impacts are
those that are limited in duration and that allow the particular ecosystem to recover over an
acceptable time frame. Such time frames should be decided on a case-by-case basis and
should be in the order of 5-20 years, taking into account the specific features of the
populations and ecosystems. In determining whether an impact is temporary, both the
duration and the frequency at which an impact is repeated should be considered. If the
interval between the expected disturbances of a habitat is shorter than the recovery time, the
impact should be considered more than temporary. In circumstances of limited information,
States and RFMOs should apply the PA in their determinations regarding the nature and
duration of impacts.
Regarding stock assessment, appropriate monitoring and assessment techniques are needed
to reliably determine the status of stocks of low-productivity species. In light of data
limitations regarding many deep-water species, lower cost or innovative methods based on
simpler forms of monitoring and assessment need to be developed. Such techniques should
quantify uncertainty in stock assessments, including that resulting from such data
limitations and simplified approaches.
National or international cooperative observer programmes should be implemented for all
DWFs. Observer coverage for established fisheries, at levels adequate to ensure effective
monitoring and assessment and in combination with other MCS tools, should be determined
by RFMOs with competence over those fisheries. Higher levels of coverage are required, in
particular for experimental and exploratory stages of a fishery’s development under a
RFMO. In the latter case, levels of coverage should remain high until measures in place to
manage these fisheries and prevent significant adverse impacts are evaluated and
determined to be effective.
Precautionary conservation and management measures, including catch and effort controls,
are essential during the exploratory phase of a DWF, and should be a major component of
the management of an established DWF. They should include measures to manage the
impact of the fishery on low-productivity species, non-target species and sensitive habitat
features. Implementation of a PA to sustainable exploitation of DWFs should include the
following measures:
(a) precautionary effort limits, particularly where reliable assessments of sustainable
exploitation rates of target and main bycatch species are not available;
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(b) precautionary measures, including precautionary spatial catch limits where appropriate,
to prevent serial depletion of low productivity stocks;
(c) regular review of appropriate indices of stock status and revision downwards of the
limits listed above when significant declines are detected;
(d) measures to prevent SAIs on VMEs; and
(e) comprehensive monitoring of all fishing effort, capture of all species and interactions
with VMEs.
States and RFMOs should develop and adopt fishery management plans for specific DWFs,
including a set of measures with defined long-term/multi-annual management objectives.
Such plans should be tailored to the characteristics of each fishery and should include
biological reference points (BRPs) set at levels that ensure, at a minimum, that fish stocks are
harvested at levels that are sustainable in the long term. Appropriate BRPs for stock
assessment and management need to be set in a precautionary manner and determined on a
case-by-case basis, taking into account the different target stocks, fishery characteristics, and
the state of knowledge about the species and fishery. In general, for low-productivity
species, fishing mortality (F) should not exceed the estimated or inferred natural mortality
(M). Sustainable management strategies that would be robust to uncertainties are likely to
require low exploitation rates. Appropriate procedures should be put in place to verify that
fishery management plans achieve sustainable fisheries and protect VMEs and the marine
biodiversity that these ecosystems contain.
4.5. FAO International Plans of Action
The FAO International Plan of Action (IPOA) for reducing incidental catch of Seabirds in longline
fisheries (IPOA-SEABIRDS, 1998), states that seabirds can be caught incidentally in various
commercial longline fisheries in the world, including those for Greenland halibut, tusk and
ling in the northern Atlantic, where the main seabird bycatch is northern fulmar. The IPOASEABIRDS is voluntary and applies to the waters of RFMOs and States where longline
fisheries are being conducted. States/RFMOs should determine if a problem exists with
respect to incidental catch of seabirds and adopt a POA for reducing the incidental catch of
seabirds in longline fisheries. States/RFMOs which determine that a POA is not necessary
should review that decision on a regular basis, particularly taking into account changes in
their fisheries, such as the expansion of existing fisheries and/or the development of new
longline fisheries. If, based on a subsequent assessment, States determine that a problem
exists, they should follow the recommended procedures outlined in IPOA-SEABIRDS within
two years. States/RFMOs should start the implementation of the IPOA-SEABIRDS no later
than 2001.
The FAO International Plan of Action for the conservation and management of sharks (IPOASHARKS) (1998) states that for centuries artisanal fishermen have conducted sustainable
fishing for sharks in coastal waters, and some still do. However, during recent decades
modern technology in combination with access to distant markets have caused an increase in
effort and yield of shark catches, as well as an expansion of the areas fished. There is concern
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over the increase of shark catches and the consequences which this has for the populations
of some shark species in several areas of the world’s oceans. This is because sharks often
have a strong stock and recruitment relationship, long recovery times in response to overfishing (low biological productivity because of late sexual maturity; few off-spring, albeit
with low M) and complex spatial structures (size/sex segregation and seasonal migration).
The current state of knowledge of sharks and the practices employed in shark fisheries cause
problems in the conservation and management of sharks due to lack of available catch,
effort, landings and trade data, as well as limited information on the biological parameters of
many species and their identification. It is necessary to better manage directed shark catches
and certain multispecies fisheries in which sharks constitute a significant bycatch. In some
cases the need for management may be urgent. A few countries have specific management
plans for their shark catches and their plans include control of access, technical measures
including strategies for reduction of shark bycatches and support for full use of sharks.
However, given the wide-ranging distribution of sharks, including on the high seas, and the
long migration of many species, it is increasingly important to have international
cooperation and coordination of shark management plans. At the present time (1998) there
are few international management mechanisms effectively addressing the capture of sharks.
The FAO IPOA-SHARKS is voluntary and has been developed within the framework of the
Code of Conduct for Responsible Fisheries. All concerned RFMOs/States are encouraged to
implement it. The term “shark” is taken to include all species of sharks, skates, rays and
chimaeras (Class Chondrichthyes), and the term “shark catch” is taken to include directed,
bycatch, commercial, recreational and other forms of taking sharks. The IPOA-SHARKS
encompasses both target and non-target catches.
Management and conservation strategies should aim to keep total F for each stock within
sustainable levels by applying the PA. Management and conservation objectives and
strategies should recognize that in some low-income food-deficit regions and/or countries,
shark catches are a traditional and important source of food, employment and/or income.
Such catches should be managed on a sustainable basis to provide a continued source of
food, employment and income to local communities. The objective of the IPOA-SHARKS is
to ensure the conservation and management of sharks and their long-term sustainable use.
RFMOs/States should adopt a plan of action for conservation and management of shark
stocks (Shark-plan) by 2001 if their vessels conduct directed fisheries for sharks or if their
vessels regularly catch sharks in non-directed fisheries. RFMOs/States should carry out a
regular assessment of the status of shark stocks subject to fishing so as to determine if there
is a need for development of a shark plan. The assessment would necessitate consistent
collection of data, including commercial data and data leading to improved species
identification and, ultimately, the establishment of abundance indices.
A Shark-plan should aim to:
• Ensure that shark catches from directed and non-directed fisheries are sustainable;
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• Assess threats to shark populations, determine and protect critical habitats and implement
harvesting strategies consistent with the principles of biological sustainability and rational
long-term economic use;
• Identify and provide special attention, in particular to vulnerable or threatened shark
stocks;
• Improve and develop frameworks for establishing and coordinating effective consultation
involving all stakeholders in research, management and educational initiatives;
• Minimize unutilized incidental catches of sharks;
• Contribute to the protection of biodiversity and ecosystem structure and function;
• Minimize waste and discards from shark catches (for example, requiring the retention of
sharks from which fins are removed);
• Encourage full use of dead sharks;
• Facilitate improved species-specific catch/landings data and monitoring of shark catches;
• Facilitate the identification and reporting of species-specific biological and trade data.
RFMOs/States which implement a Shark-plan should regularly, at least every four years,
assess its implementation for the purpose of identifying cost-effective strategies for
increasing its effectiveness. The Shark-plan should contain a description of the prevailing
state of shark stocks, populations, associated fisheries and the monitoring and management
framework and its enforcement.
4.6. EU Policy
EU policy relating to fisheries, ecosystems and the environment is evolving on an ongoing
basis, and I think it is useful to summarise policy drivers in chronological order so that the
reader can follow how policy has evolved.
The Habitats Directive on the conservation of natural habitats and of wild fauna and flora
(92/43/EEC 1992) states that in the European territory of Member States (MSs) natural
habitats are continuing to deteriorate and an increasing number of wild species are seriously
threatened. In order to ensure the restoration or maintenance of natural habitats and species
of Community interest at a favourable conservation status, it is necessary to create a
coherent European ecological network of special areas of conservation (SACs) under the title
Natura 2000. This network, composed of sites hosting specified natural habitat types and
habitats of specified species, shall enable the natural habitat types and the species' habitats
concerned to be maintained or, where appropriate, restored at a favourable conservation
status in their natural range.
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On the basis of specified criteria and relevant scientific information, each MS shall propose a
list of sites indicating which natural habitat types and which species in that are native to its
territory the sites host. For aquatic species which range over wide areas, such sites will be
proposed only where there is a clearly identifiable area representing the physical and
biological factors essential to their life and reproduction.
For SACs, MSs shall establish the necessary conservation measures involving, if required,
appropriate management plans specifically designed for the sites or integrated into other
development plans. MSs shall take appropriate steps to avoid, in the SACs, the deterioration
of natural habitats and the habitats of species as well as disturbance of the species for which
the areas have been designated8.
Implementing sustainability in EU fisheries through maximum sustainable yield – Communication
from the Commission to the Council and the European Parliament (EP) COM (2006): The
Community and its MSs have subscribed to a commitment at the WSSD at Johannesburg
(2002) to maintain or restore stocks to levels that can produce the MSY, with the aim of
achieving these goals for depleted stocks on an urgent basis, and where possible not later
than 2015. MSY is characterized by a level of F that will, on average, result in a stock size
that produces the MSY.
This accelerates a move towards a longer-term management system that focuses on
obtaining the best from the productive potential of Europe's living marine resources,
without compromising its use by future generations. This is fully consistent with the broader
objective of the CFP. This movement should be also seen in the context of the gradual
implementation of the EAFM, which is also an objective of the CFP.
Financial assistance, such as that foreseen under the proposal for a European Fisheries Fund
(EFF), would help mitigate the social and economic repercussions of such restraint and will
need to be delivered during the transitional phase before the full economic benefits are
achieved.
Catches of many bottom-living European fish stocks have declined dramatically in recent
decades. There has simply been too much fishing in relation to the productive potential of
the stocks. The Commission considers that implementing fish stocks management systems
based on the MSY will contribute to reverse this situation. In addition to ensuring that stocks
would not collapse, it would allow the development of larger fish stocks, leading to more
fishing possibilities at lower cost and with a higher unit value, providing a greater guarantee
of wealth. Fishing at MSY levels would reduce costs and increase profits for the fishing
industry, as the amount of effort (and associated costs, such as fuel) required per tonne of
fish caught decreases. Larger fish stocks will also provide a buffer against changes in the
number of young fish that join the stock each year that occur due to environmental factors.
Fish from stocks managed at near MSY levels benefit from competitive advantages of stable

8

There are currently no deep-water species listed. Of the natural habitat types of community interest which may require
designation of SACs, in deep-water these comprise reefs and submarine structures made by leaking gases.
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supply and high quality (because investment in product handling is worthwhile since longterm prospects are more stable).
Reducing F is the best single solution to the discard problem. Fish are discarded because
they have been brought on board a fishing vessel when they are too small, of too low value
or else are not caught within the available quota. When fishing at MSY levels, the proportion
of large and high value fish in the catch is greater. For each tonne of marketable fish landed
there will be less fish that must be discarded.
Fishing for commercial species can often also disturb habitats and harm non-commercial
species, including dolphins and porpoises. Reducing F from current levels towards MSY
levels will reduce the by-catch of such non-target species.
In order to allow fish to grow more, and achieve a higher value and yield when they are
caught, there is a need to reduce the proportion of fish that are captured from the sea.
Initially this would mean reducing catches, but as stocks become healthier, catches will
increase to higher levels in a sustainable manner.
In order to enable fishermen to take the MSY from a stock it is necessary to define which
target rate of fishing is appropriate for each stock on the basis of the best available scientific
advice. There is also need to decide on the rate at which annual adjustments will be made to
reach this target. These decisions should be implemented through long term plans as
foreseen under the framework regulation of the CFP.
It is highly uncertain how marine ecosystems will develop in relation to changes in climate
and weather. Exploiting fish stocks at a lower rate of fishing will make stocks more robust to
ecological changes. As Fs are reduced and stocks rebuilt, more knowledge will be gained
and the targets for long-term management must be adjusted to take account of new
knowledge that is gained about ecosystems and their productive potential.
It is important to keep marine ecosystems in balance. Fishing down one species in order to
favour the yield of another would be a high-risk approach where economic activity would
depend on fewer resources and be more vulnerable to stock depletions.
Fishing on all species in an ecosystem should normally take place at a rate that is less than
the rate of fishing that corresponds to obtaining a MSY in the long run.
Long-term plans should be the prime instrument to implement this new approach. The
Commission considers that plans should be prepared in the following way:• in consultation with concerned sectors, fishermen, consumers and other stakeholders.
• economic, social and environmental impacts of proposed measures be taken into account
• they should define a target rate of fishing, and a means to reach that target gradually and
not seek to manage biomass levels;
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• the plans should also aim at diminishing any harmful impact of fishing on the ecosystem;
• where different stocks are normally caught together, the plans should include technical
measures to ensure fishing of all the stocks in compatibility with their respective targets;
• the plans may also cover the possibility of exploiting some stocks more lightly than at MSY
levels in order to achieve some gain in productivity of other species;
• the plans should establish targets irrespective of the biological condition of the stock when
the plans enter into force, though the plans may require stronger conservation measures in
the event that a resource is more depleted;
• where, due to lack of data or other circumstances, scientific advice cannot quantify the
actions needed to reach MSY conditions, the plans should specify appropriate guidelines;
• the plans, and their targets, must be subject to periodic review.
Once long term plans establishing adequate stock targets are adopted, MSs will have to
decide on the pace of change to reach these objectives, and how to manage the transition.
There are two broad approaches for managing this change:(1) by reducing fishing capacity, investment and employment to no more than what is
needed to fish at the MSY rate. Catches would be larger, fishing fleets would be smaller,
fewer fishermen would be employed (although onshore processing employment might
increase), fishing would be more profitable and fisheries regulation simpler and less
burdensome.
(2) by maintaining the size of the fleet but reducing the efficiency of fishing, by limiting the
vessels' capacity to catch fish (e.g. by limiting its size, power or fishing gear) or imposing
limitations on days-at-sea. Compared with present conditions, overall catches would be
larger, fishing fleets would be subject to more restrictive regulations, employment and
vessel activity would be more part-time, but fishing would be more profitable because
catches would be maintained but variable costs (e.g. fuel costs) would be reduced.
Changing to smaller-scale fisheries with lower levels of fishing efficiency could also
bring increased yields while having less direct effect on employment at sea. Maintaining
employment can be compatible with reducing rates of fishing by moving to less capital
intensive forms of fishing.
The former implies reducing the capacity of national fleets, which the Commission considers
is the most easily controllable fisheries management measure. Under either approach,
change can be managed more easily if it occurs gradually. The choice of economic strategy
for the fisheries sector is a national decision. The main role of the Community in this context
is to provide the management framework for phasing out overfishing. The Community
could also support structural change in the fisheries sector through the current Financial
Instrument for Fisheries Guidance (FIFG) and the proposed EFF.
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Analyses of the economic and social effects of significant changes in fisheries management
are obviously necessary before such changes are made. However, the specifics of each fleet
can vary greatly between the MSs and between different fisheries. Because of this diversity,
a general social and economic impact evaluation is not feasible. Instead the Commission
proposes to follow a regional and fishery-specific approach. The Council will have an
opportunity to consider the strategy for each fishery in the light of the Commission's impact
analysis and the opinion of the Regional Advisory Councils (RACs).
Over the coming years the Commission will propose long-term plans with the aim of
bringing all major fish stocks in Community waters to rates of fishing at which MSYs can be
achieved. For stocks jointly managed with third countries, the Community will seek to
develop joint management arrangements with the same objective. The plans will be fisherybased, addressing groups of fish stocks that are caught together. The main guiding
principles for their development will be the following:
(a) the long-term plans will include programmed reductions in fishing rates, effected
principally through adjustments to Total Allowable Catches (TACs) and effort
management, but also incorporating technical measures where appropriate;
(b) the plans could include elements such as limits on the extent to which fishing
opportunities can change from one year to the next;
(c) long-term plans should be updated at intervals of around 5 years;
(d) long-term plans will where appropriate include milestones to be used to measure the
progress of the plan towards the achievement of MSY.
As a first step in this process, the Community should, with effect from 2007, adopt
management decisions that ensure that there is no increase in the fishing rate for any stock
that is already overfished. This process will be without prejudice to other measures, such as
recovery plans, taken in accordance with the PA to reduce risks of stock depletions in the
short term.

A policy to reduce unwanted by-catches and eliminate discards in European fisheries COM
(March 2007): Discarding is a serious problem in European fisheries and one which, in the
view of the Commission, must be addressed as a high priority. The objective of this
Communication is to initiate a policy which will reduce unwanted by-catches and
progressively eliminate discards in European fisheries.
A new discard policy will reduce unwanted by-catches by encouraging behaviour and
technologies which avoid unwanted by-catches. The instruments are a progressive
introduction of a discard ban – where all finfish and crustaceans caught will have to be
landed – and supplementary measures such as encouragement to improve the selectivity of
fishing gear, requirements to change fishing ground and real time closures.
The basic implementation principle is to regulate what is caught in the first place rather than
to regulate landings. Such results-based management will, wherever possible, will be left to
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the industry to identify technical solutions which are economically and practically feasible
and produce the required results.
The FAO defines discards as “that proportion of the total organic material of animal origin
in the catch, which is thrown away, or dumped at sea for whatever reason. It does not
include plant material and post harvest waste such as offal. The discards may be dead or
alive”. Discards may consist of species which are commercially exploited but which, due to
market considerations, quota restrictions or minimum landing sizes, are not taken ashore.
Discards may, according to this definition, also be any other organism which is caught
incidentally such as non-target finfish, crustaceans, molluscs, sea mammals and seabirds.
The capture of unwanted by-catches and their subsequent discarding has several negative
consequences. The capture of juvenile individuals of target species results in lower catch
opportunities for those species in the future and a reduction in the spawning biomass for the
future. Discarding of mature individuals of target species represents a waste and
immediately reduces the spawning biomass of that stock.
The capture and discard of fish, crustacean, seabird or sea mammal species which are not
targeted by fisheries, is an unnecessary negative impact on the marine ecosystem as it affects
the functioning of the ecosystem and its biodiversity negatively without providing any
benefits to society. Certain marine organisms including some species of sharks and rays are
very sensitive to fishing and may as a result be reduced to very low levels even when they
are only caught as unwanted by-catch. In such cases the incidental killing of even a few
individuals may be critical from a biodiversity perspective. Returning unwanted by-catches
back into the sea does not reduce the problem because most species of fish and crustaceans
will be dead or have low survival in the sea after having been caught and then discarded.
There are strong economic incentives in many fisheries to discard fish to maximise the value
of the landing, so called 'high-grading', in particular when different sizes or qualities of fish
command different market prices or when species with very different market value are
caught together. Furthermore, the value of some organisms may be low or non-existent
because they do not have a market.
Some regulatory instruments which are currently used lead inevitably to discards. The
reliance on TACs as the main management instrument in mixed fisheries leads to discards
when above-quota quantities of some species are taken while there is still quota left over for
others. The use of minimum landing sizes also leads to discards, especially in mixed
fisheries where species of different adult size are caught together.
A policy to reduce unwanted by-catches through a discard ban on commercial species has
been introduced in some fisheries in Norway, Iceland, Canada and New Zealand. The
experiences from these cases largely relate to fisheries which are able to target one species at
a time and the complications arising in fisheries which catch a mixture of species are not
encountered.
In the Community there are many demersal fisheries that catch several species
simultaneously. The reduction of unwanted by-catches and progressive elimination of
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discards in European fisheries will therefore require a combination of several instruments. A
new discard policy aims to remove the practice of discarding. This will be achieved in EU
waters on a fishery by fishery basis through tailored plans that could include discard bans
and other supplementary measures to reduce by-catch. At the same time, the Community
will promote initiatives for elimination of discards in RFMOs.
Discard bans would apply to all finfish and crustaceans. Exceptions may be made where
high long-term survival of specific species discarded from specific fisheries has been clearly
demonstrated.
Existing management measures which presently encourage discarding in mixed fisheries
must be reviewed and their use revised in order to reduce or remove such encouragement.
The use of TACs in mixed fisheries without measures to control effort will encourage
continued catch of species, for which a vessel has exhausted its quota, as long as there are
species left for which it has a quota. TACs must therefore be combined with measures to
keep effort within limits which will stop the fisheries when there are only quotas on a few
species left for which to fish. In addition, in mixed fisheries there may be a need to develop
mechanisms for some flexibility and transfer of quotas.
Minimum landing sizes presently require vessels to discard undersized fish. If a requirement
to land all fish is introduced, juvenile fish should be protected against targeted fisheries by
making the marketing rather than the landing of such fish illegal by introducing minimum
marketing sizes for human consumption instead.
Other existing CFP instruments and supplementary measures may be used to reduce
unwanted by-catches and eliminate discards. Such instruments include encouragement to
develop and use selective gears, real-time area closures, an obligation to switch fishing
grounds (move-on rules), quota flexibility, fees on unwanted by-catches and expropriation
of unwanted by-catches.
Instead of introducing an extended set of technical regulations, an approach based on
maximum acceptable impacts of fisheries operations will be used. The negative impact of
fisheries to be reduced as a result of this policy is the unnecessary killing of marine
organisms by fishing. Standards for maximum acceptable by-catch of non-marketable,
juvenile or above-quota organisms will thus be defined on a fishery-by-fishery basis. These
standards will initially be based on a reduction relative to the present situation and will be
progressively reduced further in order to encourage technological developments and
adaptations of fishing practices which will avoid such by-catches.
In this approach extensive micromanagement specifications of fishing gear and fishing
practices are replaced by requirements for specific results (maximum acceptable by-catch)
and the industry is then left free to choose those solutions which are most compatible with
the practical and economic realities of the fisheries. The approach will thus rely extensively
on initiative from the industry to identify technical solutions and resolve other
implementation issues.
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A requirement to land all fish will mean that occasionally fish above the quota or below
minimum market size will be landed. It is necessary to consider whether these landed bycatches should be counted against quotas and whether the quota system should be modified
to include by-catches. The disposal of these by-catches needs to be considered – whether
they will be sold through normal market systems, for human consumption (if above
minimum market size), for reduction to fish meal and oil or otherwise. It has to be decided if
and how a part of the proceeds of such sales could be dedicated to cover the new expenses
brought in by the implementation of no discards measures, either those incurred by public
authorities or by fishermen themselves.
Given the strong economic incentives for discarding it must be expected that when a bycatch reduction policy including a discard ban is imposed, discarding may still take place
under circumstances where enforcement is weak or the legal consequences do not match the
immediate economic benefits from discarding. For the Commission enforcement is thus a
primary concern for implementation. Observer schemes will play a major role in
enforcement. They can not by themselves however be a universal solution as such schemes
are costly, especially when a large number of small or medium size vessels are involved. As
confirmed by the experience gained in countries which have implemented discard bans,
observer schemes must be part of an overall enforcement regime which must include at
least:
• a careful monitoring of the landings of individual vessels combined with a systematic
analysis of detailed catch and landings figures which are compared with data from
observers on board;
• electronic log book schemes with almost real time reporting of the catch composition,
especially when real time closure of some areas are considered;
• monitoring and control of the fishing gears and
• stakeholders' involvement and cooperation.
The monitoring and analysis of by-catches in order to implement real time closures will
require that data from all fleets are compiled and analysed on an ongoing basis and that a
mechanism is established whereby a Community body can communicate with the relevant
MS about the need to implement closures.
The economic and social impacts of the new policy will be highly variable dependent on the
specific structure and economic situation of each fishery and the dependent coastal
communities. Economic and social impact assessments will therefore be made on the level of
regulations for specific fisheries.
On a very general level, the progressive implementation of a policy to eliminate discards
could result in net short-term cost increases and losses in income. Handling and storing bycatch of lower value has a cost and the income from the overall landing will be lower. The
use of closed areas and requirements to move to other fishing grounds may imply longer
distances to the fishing grounds and thus increased cruise time and fuel costs. The
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compulsory use of selective gears could similarly reduce short term profitability. Further
impacts are to be expected further down the marketing and distribution chain, resulting
from the landing and handling of fish that was so far discarded.
In the longer term there will be economic benefits as a reduction of by-catches of juvenile
fish and fish above quota will result in larger and healthier stocks and thus increased fishing
opportunities. Furthermore, additional markets could be created for products derived from
catches which have been discarded in the past.
A possible encouragement is to introduce a preferential status such as preferential access to
fisheries on the basis of track records of low by-catches.
It could be considered whether the development of changes in technology and practices
which are required may be supported by the EFF. Assistance may also be given to develop
alternatives for the use of previously discarded fish, in particular unavoidable by-catches of
species of low or no commercial value. Assistance could be considered for the development
of advanced fishing tactics on the basis of information systems to inform fleets about areas
with high risk of unacceptable bycatch.
The Integrated Maritime Policy (IMP) for the European Union (COM, Oct. 2007) states that
Fisheries management must take more into account the welfare of coastal communities, the
marine environment and the interaction of fishing with other activities. The recovery of fish
stocks will be energetically pursued, requiring sound scientific information and
reinforcement of the shift to multi-annual planning. The Commission will take action to
ensure that the CFP reflects the EA of the Strategy for the Marine Environment, and will
work to eliminate IUU fishing in its waters and on the high seas.
Managing fish stocks at MSY will provide a better future for the European fishing
community and ensure its contribution to Europe's food security; this should be achieved by
2015 in line with international commitments.
The Commission will take firm action (i) towards the elimination of discards and of
destructive fishing practices such as high seas bottom trawling in sensitive habitats and (ii)
to eliminate IUU fisheries.
The role of the CFP in implementing an ecosystem approach to marine management COM (April
2008): One of the operational objectives of the CFP is the progressive implementation of an
Ecosystem Approach to Fisheries Management (EAFM). The IMP constitutes the overall
framework for integrated action in the maritime field, and the Marine Strategy Framework
Directive (MSFD), forms the basis for implementing an EA to the marine environment.
Specifically for fisheries, the FAO states that the purpose is “to plan, develop and manage
fisheries in a manner that addresses the multiple needs and desires of societies, without
jeopardizing the options of future generations to benefit from the full range of goods and
services provided by marine ecosystems”. The EA is defined by the Commission as one that
“strives to balance diverse social objectives, by taking into account knowledge and
uncertainty about biotic, abiotic, and human components of ecosystems and their
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interactions and applying an integrated approach to fisheries within ecologically meaningful
boundaries”.
Based on more general definitions of the CBD and of ICES, these definitions make it clear
that an EA is an instrument to pursue sustainable development in its three dimensions,
which also form part of the objectives of the EU Sustainable Development Strategy, namely
environmental protection, social equity and cohesion and economic prosperity, and which
are enshrined in the CFP.
The Commission’s understanding is that an EAFM is about ensuring goods and services
from living aquatic resources for present and future generations within meaningful
ecological boundaries. Such fisheries management will strive to ensure that benefits from
living marine resources are high while the direct and indirect impacts of fishing operations
on marine ecosystems are low and not detrimental to the future functioning, diversity and
integrity of these ecosystems.
An EA therefore continues from the earlier “paradigm of limits” of traditional fisheries
management focusing on the target resource. However, the concept of “limits” no longer
considers only the impacts on a target population, but rather the fact that all ecosystems
have limits which, when exceeded, can result in major ecosystem change. Boundaries for
impacts from fishing are ecologically meaningful if harvested populations are kept within
ecologically viable levels, if biological diversity is maintained and if impacts on the
structure, processes and functions of the ecosystem are kept at acceptable level. In addition,
since fishing interacts with other human activities and their consequences relating to the
seas, these interactions must also be considered.
The task of fisheries management within an EA in an EU context is to:
(1) keep direct and indirect impacts of fisheries on marine ecosystems within bounds in
relation to healthy marine ecosystems and ecologically viable fish populations by
including all the knowledge available about the interactions between fisheries and
marine ecosystems in decisions under the CFP, and
(2) ensure that actions taken in fisheries are consistent with and supportive of
actions taken under the cross-sectoral Marine Strategy and Habitats Directive
Within the overall objective of the EA, specific objectives need to be defined regarding
ecosystem services (i.e. the social and economic benefits from fisheries) and meaningful
ecological boundaries for fisheries impacts (i.e. keeping populations within viable levels,
maintaining biological diversity and keeping impacts on the structure, processes and
functions of the ecosystem at acceptable levels).
A starting point for action is the description of ecosystems and their structure, processes and
functions using all available knowledge. An important part will also be continuing and
expanding the current assessment of the status and trends of fish stocks and of the impact of
fishing on ecosystems. These assessments need to be updated all the time as more
information becomes available. The scientific bodies consulted for advice in the preparation
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of fisheries management measures build on long time series of relevant knowledge about
stock development and effects of management measures and they are already considering
ecosystem-relevant information in their assessments.
Most European fishing fleets have a fishing activity which exceeds the activity required for
fisheries to be sustainable even if sustainability is only considered from the limited
perspective of the single stocks of fish which are targeted by the fleets. The main instruments
to act on the overall fishing pressure are long-term management plans building on the
WSSD requirement to rebuild fish stocks to MSY levels.
Beyond such a general reduction of fisheries impacts on the ecosystem the following specific
issues need to be addressed:
There is a need to protect sensitive marine habitats. All habitats which are in physical
contact with fishing gear are affected. While some bottom types and the organisms
dependent on them may be robust to such impacts, there are also habitats where the impacts
of contact with fishing gear may be very significant and long-lasting. The Natura 2000
network of marine protected areas will provide protection for representative habitats. The
coordinated use of CFP instruments such as closures for specific fisheries or no-take zones
will be implemented as required to achieve the objectives of the specific Natura 2000 sites.
Beyond that, specific measures are taken to reduce the mechanical impacts of fishing gear
also outside such protected areas, and further measures will be taken to protect sensitive
habitats when awareness of such habitats and threats to them emerge.
There is also a need to protect sensitive species killed incidentally in fishing operations and
species targeted by fisheries that have been reduced to below safe biological limits.
The recovery plans are the main instrument for rebuilding stocks that are below safe limits
and the new discards policy will contribute to protecting sensitive species from incidental
by-catch.
Other instruments for the protection of sensitive species are regulations on the shape and
use of fishing gear which diminishes incidental by-catches of such species and closures of
areas where such by-catches are likely.
Lower fishing pressure and specific protection of sensitive species and habitats will diminish
the impact of fisheries on ecosystem structure, diversity and functioning. There are,
however, cases where specific measures may needed to be taken to prevent distortions in the
food web and ensure that natural ecosystem processes are not disrupted.
Environmental drivers impact marine ecosystems and the fish stocks. Fishing may in some
cases exacerbate the negative impacts of such drivers. The Intergovernmental Panel on
Climate Change states that this may be the case regarding some impacts of climate on fish
stocks. It is an integral aspect of a PA that fisheries should be conducted in a way which is
robust to environmental change and thus that fish stocks should never be exploited to a
point where they are not resilient to environmental change. The Commission has specifically
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requested Scientific, Technical and Economic Committee for Fisheries (STECF) and ICES to
incorporate any existing knowledge about environmental drivers in the assessments of the
ecosystems and fisheries and in the advice.
An EA to marine management implies that multiple and often conflicting interests need to
be reconciled in the process. While there may be short-term contradictions between social
objectives and the requirement to conduct fisheries within meaningful ecological
boundaries, such contradictions largely disappear in the long term because healthy
ecosystems are a prerequisite for the continued existence of a fishing industry.
EU DIRECTIVE 2008/56/EC June 2008 - establishing a framework for community action in the field
of marine environmental policy (Marine Strategy Framework Directive (MSFD)) applies to MS
national waters including deep-water areas within national EEZs, and comprises a thematic
strategy for the protection and conservation of the marine environment with the overall aim
of promoting sustainable use of the seas and conserving marine ecosystems. The Directive
addresses all human activities that have an impact on the marine environment. The
establishment of MPAs, including areas already designated or to be designated under the
Habitats Directive and the Birds Directive, and under international or regional agreements
to which the EC or MSs are Parties, is an important contribution to the achievement of good
environmental status under the Directive. Establishing such protected areas under this
Directive is an important step towards fulfilling the commitments undertaken at the WSSD
and in the CBD, and will contribute to the creation of coherent and representative networks
of such areas. By applying an ecosystem-based approach to the management of human
activities while enabling a sustainable use of marine goods and services, priority should be
given to achieving or maintaining good environmental status in the Community’s marine
environment.
This Directive should contribute to the fulfilment of the obligations and important
commitments of the Community and MSs under several relevant international agreements
relating to the protection of the marine environment from pollution, including the
Conventions for the Protection of the Marine Environment of the NE Atlantic (Council
Decision 98/249/EC) and the Protection and Conservation of the Ecosystems and Biological
Diversity of the Maritime Area (Council Decision 2000/340/EC). Importantly, the
achievement of the objectives of this Directive should ensure the integration of conservation
objectives, management measures and monitoring and assessment activities set up for
spatial protection measures such as special areas of conservation (SACs), special protection
areas (SPAs) or MPAs. Account should also be taken of biodiversity and the potential for
marine research associated with deep-water environments.
The Directive establishes a framework within which MSs shall take the necessary measures
to achieve or maintain good environmental status in the marine environment by the year
2020 at the latest. Marine strategies shall be developed and implemented in order to:
(a) protect and preserve the marine environment, prevent its deterioration or, where
practicable, restore marine ecosystems in areas where they have been adversely affected;
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(b) prevent and reduce inputs in the marine environment, with a view to phasing out
pollution, so as to ensure that there are no significant impacts on or risks to marine
biodiversity, marine ecosystems, human health or legitimate uses of the sea.
Marine strategies shall apply an ecosystem-based approach to the management of human
activities, ensuring that the collective pressure of such activities is kept within levels
compatible with the achievement of good environmental status and that the capacity of
marine ecosystems to respond to human-induced changes is not compromised, while
enabling the sustainable use of marine goods and services by present and future generations.
For the NE Atlantic (along with other designated areas), MSs shall make an initial
assessment of their marine waters by 15 July 2012, taking account of existing data where
available and comprising the following:
(a) an analysis of the essential features and characteristics, and current environmental status
of those waters and covering the physical and chemical features, the habitat types, the
biological features and the hydro-morphology;
(b) an analysis of the predominant pressures and impacts, including human activity, on the
environmental status of those waters which:
(i) is based on an indicative lists of elements and covers the qualitative and quantitative
mix of the various pressures, as well as discernible trends;
(ii) covers the main cumulative and synergetic effects and
(iii) takes account of the relevant assessments which have been made pursuant to
existing Community legislation;
(c) an economic and social analysis of the use of those waters and of the cost of degradation
of the marine environment.
The qualitative descriptors for determining good environmental status are that:(1) biological diversity is maintained. The quality and occurrence of habitats and the
distribution and abundance of species are in line with prevailing physiographic,
geographic and climatic conditions.
(2) non-indigenous species introduced by human activities are at levels that do not adversely
alter the ecosystems.
(3) populations of all commercially exploited fish and shellfish are within safe biological
limits, exhibiting a population age and size distribution that is indicative of a healthy
stock.
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(4) all elements of the marine food webs, to the extent that they are known, occur at normal
abundance and diversity and levels capable of ensuring the long-term abundance of the
species and the retention of their full reproductive capacity.
(5) human-induced eutrophication is minimised, especially adverse effects thereof, such as
losses in biodiversity, ecosystem degradation, harmful algae blooms and oxygen
deficiency in bottom waters.
(6) sea-floor integrity is at a level that ensures that the structure and functions of the
ecosystems are safeguarded and benthic ecosystems, in particular, are not adversely
affected.
(7) permanent alteration of hydrographical conditions does not adversely affect marine
ecosystems.
(8) concentrations of contaminants are at levels not giving rise to pollution effects.
(9) contaminants in fish and other seafood for human consumption do not exceed levels
established by Community legislation or other relevant standards.
(10) Properties and quantities of marine litter do not cause harm to the coastal and marine
environment.
(11) Introduction of energy, including underwater noise, is at levels that does not adversely
affect the marine environment.
The time frame of MSFD is a follows:
To be completed by 15 July 2012:•
•
•

completion of an initial assessment of the waters concerned
a determination of good environmental status (GES)
establishment of environmental targets and associated indicators

To establish and implement by 15 July 2014 a monitoring programme for ongoing
assessments and regular updating of the targets
To develop by 2015 at latest a programme of measures designed to achieve of maintain GES
and to put in operation the programme of measures by 2016 at latest
EC GREEN PAPER Reform of the Common Fisheries Policy April 2009 states that European fish
stocks have been over-fished for decades and the fishing fleets remain too large for the
available resources. The outcome has been a continuous decrease in the amounts of seafood
fished from Europe’s waters: more than half of the fish consumed on the European market is
now imported. The high volatility of oil prices and the financial crisis have exacerbated the
low economic resilience of fishing.
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The fisheries sector can no longer be seen in isolation from its broader maritime environment
and from other policies dealing with marine activities. Fisheries are heavily dependent on
access to maritime space and to healthy marine ecosystems. Climate change is already having
an impact on Europe’s seas and is triggering changes to the abundance and distribution of fish
stocks. Competition for maritime space is also on the rise as ever larger parts of our seas and
coasts are dedicated to other uses. Fishing economies are heavily influenced by broader trends
of employment and development in coastal communities, including the emergence of new
sectors offering opportunities for conversion or income diversification.
It is argued, therefore, that the proposed reform of the CFP must not be yet another piecemeal,
incremental reform but a sea change addressing the core reasons behind the vicious circle in
which Europe’s fisheries have been trapped in recent decades. Rethinking the CFP therefore
requires a fresh look at the broader maritime picture as advocated by the IMP, the MSFD and
the WSSD requirement to restore fish stocks to MSY. Important steps have also been taken in
the UN to limit the impact of fisheries in the high seas. Consumers, processing and retail
sectors increasingly share these concerns and require guarantees that the fish they consume
and sell originates from well-managed and sustainable fisheries.
European fishing activities must be clearly based on economically rational principles. Fleets
must improve their economic resilience and adapt to changes in the environment and markets.
Some steps are being taken to adapt including voluntary laying-off of vessels and a move
towards less fuel-intensive fishing practices. Some initiatives have been undertaken to
improve quality, consumer information and the match between supply and demand in order
to increase economic viability. These steps, however, fall far short of what is necessary to
adapt to change and restore the economic viability of the sector.
While a few EU fleets are profitable with no public support, most of Europe’s fishing fleets are
either running losses or returning low profits. Overall poor performance is due to chronic
overcapacity. Capacity reductions in recent years have not been sufficient to prevent this.
Another important consequence of overfishing, overcapacity and low economic resilience is
high political pressure to increase short-term fishing opportunities at the expense of the future
sustainability of the industry. Sustained political and economic pressure has led industry and
MSs to request numerous derogations, exceptions and specific measures. In many cases, the
industry has found ways to counteract the short-term negative economic effects of these
measures, leading to the need for even more detailed measures. Documenting, deciding,
implementing and controlling the vast and diverse European fisheries through such
micromanagement is increasingly complex, difficult to understand and very costly to manage
and control.
This situation has arisen in a context of heavy public financial support given to the fishing
industry, one of the results being to artificially maintaining excess fishing capacity. On top of
direct aid from the EFF and similar national aid schemes, the industry benefits from a number
of indirect subsidies, the most important of which is the overall exemption from fuel taxes.
Unlike other industries, fishing also benefits from free access to the natural resource it exploits
and does not have to contribute to the public management costs associated with its activities
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e.g. control and safety at sea. In several MSs, it has been estimated that the cost of fishing to
the public budgets exceeds the total value of the catches.
Regarding overcapacity, the EU has repeatedly tried to implement structural measures aimed
at reducing its fishing fleet, including funding for vessel scrapping schemes. However,
experience shows that permanent support for scrapping does not effectively reduce capacity,
as operators simply factor the scrapping premium into future investment decisions. One-off
scrapping schemes are more likely to be efficient.
Use of market instruments such as transferable rights to fishing may be a more efficient and
less expensive way to reduce overcapacity, and one for which the industry has to take more
responsibility. Several MSs have taken steps in recent years towards using such instruments.
This has generally led to more rational investment decisions and to reductions in capacity, as
the operators adapt their fleet to their fishing rights in order to achieve economic efficiency.
Such systems can be complemented with proper safeguard clauses to avoid excessive
concentration of ownership or negative effects on smaller-scale fisheries and coastal
communities.
Regarding policy objectives, the current CFP regulation states that "it shall ensure exploitation
of living aquatic resources that provides sustainable economic, environmental and social
conditions". No priority is set for these objectives and, while direct references are made to
adopting a PA and an EA, it is not clear how this relates to economic and social conditions.
There are no clear indicators and yardsticks that could provide more concrete guidance or to
help measure policy achievements. Economic and social sustainability require productive fish
stocks and healthy marine ecosystems. The economic and social viability of fisheries can only
result from restoring the productivity of fish stocks.
There is, therefore, no conflict between ecological, economic and social objectives in the long
term. However, these objectives clash in the short term, especially when fishing opportunities
have to be temporarily reduced in order to rebuild overexploited fish stocks. Social objectives
such as employment have often been invoked to advocate more generous short-term fishing
opportunities: the result has always been to further jeopardise the state of the stocks and the
future of the fishermen who make a living out of them. It is therefore crucial that any
compromises made to cushion the immediate economic and social effects of reductions in
fishing opportunities remain compatible with long-term ecological sustainability, including a
move to fishing within MSY, eliminating discards and ensuring a low ecological impact of
fisheries. Ecological sustainability is therefore a basic premise for the economic and social
future of European fisheries.
Regarding encouraging the industry to take more responsibility in implementing the CFP,
there are two closely linked aspects to involving the industry more closely: responsibilities
and rights.
The industry can be given more responsibility through self-management. Results- based
management could be a move in this direction: instead of establishing rules about how to fish,
the rules focus on the outcome and the more detailed implementation decisions would be left
to the industry. Public authorities would set the limits within which the industry must
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operate, such as a maximum catch or maximum by-catch of young fish, and then give industry
the authority to develop the best solutions economically and technically, subject to central
auditing of outcomes.
Results-based management would relieve both the industry and policy-makers of part of the
burden of detailed management of technical issues. It would have to be linked to a reversal of
the burden of proof: it would be up to the industry to demonstrate that it operates responsibly
in return for access to fishing. This would contribute to better management by making the
policy considerably simpler and removing the current incentives for providing false or
incomplete information.
There are already many examples of such self-management through bottom-up initiatives in
the European catching sector. Some Producer Organisations (POs) manage the quota uptake of
their members and provide for private penalties against those who overshoot their individual
quota at the expense of others. There are examples of groups of vessels that have taken on the
burden of proof by providing full documentation of their catches, often as a response to
processors’ and retailers’ pressure to improve traceability. These initiatives could be
generalised by turning the POs into bodies through which the industry takes responsibility for
documentation and quota/effort management.
Giving the industry more responsibility requires that safeguard mechanisms are in place and
implemented by the Community. In the context of a CFP which gives more rights to the
catching sector and relieves the industry the burden of the micro-management, it will be
relevant to raise the issue of sharing the costs of fisheries management. So far the fishing
industry has been given free access to a public resource and management costs have been
largely incurred by taxpayers.
Fisheries with their large share of small- and medium-sized companies play an important role
in the social fabric and the cultural identity of many of Europe’s coastal regions. Many coastal
communities remain dependent on fisheries for their income, some of them with limited
potential for economic diversification. It is
therefore essential to secure a future for coastal, small-scale, and recreational fishermen taking
fully into account the particular situation of the small- and medium-sized enterprises.
Bringing and keeping the capacity of the fishing fleets in line with fishing opportunities will
inevitably lead to less overall employment in the catching sector. There is a legitimate social
objective in trying to protect the most fragile coastal communities from this trend. These social
concerns must be addressed in a way which does not prevent larger fleets from undergoing
the necessary adaptations.
Regarding input/output management controls, most EC fisheries outside the Mediterranean
are managed by setting TACs of which each MS gets a national quota. This system of
management by landing quotas seems relatively simple but it has also proven suboptimal in
several ways. In mixed fisheries targeting several species of fish, it creates unwanted bycatches when the quota of one species is exhausted while quotas for other species remain,
which leaves fishermen with no choice but to discard the fish which they are no longer
allowed to land. In addition to being a waste of precious resource, discarding has prevented
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several stocks from recovering in spite of low quotas. The future CFP should ensure that
discarding no longer takes place. Management based on fishing effort such as limiting the
days a fishing vessel can go to sea would remove this problem but it may not be sufficient to
achieve the objectives of the CFP.
Regarding integrating the CFP in the broader maritime policy context, the IMP addresses
interactions between all EU policies and maritime affairs. The future CFP must take this a step
further with an EA to marine management, covering all sectors, as implemented through the
MSFD, which sets the obligation for MSs to achieve Good Environmental Status in 2020.
Climate change will impact severely on the marine environment. Marine ecosystems and
biodiversity, already under pressure from pollution and overfishing, will be further affected
by warmer temperatures and acidification, with changes in species reproduction and
abundance, changes in distributions of marine organisms and shifts in plankton communities.
The new CFP has to play a role in facilitating climate change adaptation efforts concerning
impacts in the marine environment. Climate change is an added stress on marine ecosystems
which makes a reduction of fishing pressure to sustainable level even more urgent.
Sustainable fishing therefore has to replace overfishing which has rendered marine ecosystems
more vulnerable to climate change and thus less capable of adapting.
Birds Directive on the conservation of wild birds (Directive 2009/147/EC): A large number of
species of wild birds naturally occurring in the European territory and waters of MSs are
declining in number, very rapidly in some cases. This decline represents a serious threat to
the conservation of the natural environment, particularly because of the biological balances
threatened thereby. The species of wild birds naturally occurring in MSs are mainly
migratory species. Such species constitute a common heritage and effective bird protection is
typically a trans-frontier environment problem entailing common responsibilities.
The measures to be taken must apply to the various factors impacting on the abundance of
birds, such as the repercussions of man’s activities and in particular the destruction and
pollution of their habitats, capture and killing by man and the trade resulting from such
practices.
The species listed in this Directive shall be the subject of special conservation measures
concerning their habitat in order to ensure their survival and reproduction in their area of
distribution. In this connection, account shall be taken of:
(a) species in danger of extinction;
(b) species vulnerable to specific changes in their habitat;
(c) species considered rare because of small populations or restricted local distribution;
(d) other species requiring particular attention for reasons of the specific nature of their
habitat.

111

MSs shall take the requisite measures to establish a general system of protection for all
species of birds listed in this Directive.
The OSPAR Convention for the protection of the marine environment of the NE Atlantic states that
questions relating to the management of fisheries should be regulated under international
and regional agreements dealing specifically with such questions. Where OSPAR considers
that action for the protection and conservation of the NE Atlantic, is desirable in relation to a
question relating to the management of fisheries, it acts to draw that question to the
attention of the authority or international body competent for that question. Where action
within the competence of the OSPAR Commission is desirable to complement or support
action by those authorities or bodies, the OSPAR shall endeavour to cooperate with them.
OSPAR Commission's Biological Diversity and Ecosystems Strategy has a very broad focus, since
it is concerned with all human activities (excluding those which may cause pollution), which
can have an adverse effect on the protection and conservation of the ecosystems and the
biological diversity of the NE Atlantic (human activities with the potential to cause pollution
are addressed by the other strategies). In addition to protecting and conserving ecosystems,
the OSPAR Convention makes provision to restore, where practicable, marine areas that
have been adversely affected. The Strategy has four elements:
•

Ecological quality objectives in support of the EA9;

•

Species and habitats: assessments are made of species and habitats that are threatened or
in decline and programmes and measures are developed for their protection;

•

MPAs: an ecologically coherent network of well-managed MPAs is being created,
including MPAs in Areas Beyond National Jurisdiction;

•

Human activities: the human activities in the OSPAR maritime area which may
adversely affect it are being assessed and programmes and measures to safeguard
against such harm are being developed.

Fishing is an important economic activity in the OSPAR area, often being highly significant
as a source of employment in areas where there are few alternatives. The impacts of fisheries
on the marine environment can be profound. OSPAR’s Quality Status Report 2000 identified
fisheries as one of the human activities with the highest impact on the marine environment.
The impacts can include:
•

exploitation of stocks beyond safe biological limits;

•

alteration of community and trophic structure;

9

A pilot study on ecological quality objectives for the North Sea has been undertaken. Consideration is now being given
to extending ecological quality objectives to other OSPAR sub-regions;
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•

disturbance to sea bed communities and habitats by fishing gears;

•

by-catch and discard of undersized fish;

•

by-catch of non-target species including benthic animals, marine mammals or
commercially unwanted species.

OSPAR List of Threatened and/or Declining Species and Habitats: the OSPAR Biological
Diversity and Ecosystems Strategy sets out that the OSPAR Commission will assess which
species and habitats need to be protected. The OSPAR List of Threatened and/or Declining
Species and Habitats has been developed to fulfil this commitment. The inclusion of a
species or of a type of habitat on this list has no other significance. It is based upon
nominations by CPs and observers (mostly NGOs) to the Commission, of species and
habitats that they consider to be priorities for protection. The evidence in support of those
nominations is collectively examined by the OSPAR Commission and its subordinate bodies
on the basis of the relevant Texel/Faial criteria for the identification of species in need of
protection. The data used has been reviewed by ICES, in order to give assurance that its
quality is suitable for the purpose for which it has been used.
Fish species affected by fishing in this list are subject to management by an international or
national fisheries authority or body. Where the OSPAR Commission considers that action is
desirable, it draws the issue to the attention of the relevant authority or international body.
The OSPAR strategy makes clear that it may be necessary to consider separate populations
of species for the purposes of the strategy. The list therefore specifies certain populations of
species where separate treatment is justified, because the different populations are subject to
differing pressures. Where this is done, there is no implication that other populations of the
same species may be threatened and/or declining. The list is subject to ongoing development
and species and habitats are added or removed, in the light of changes to their conservation
status and to the threats they face and in the light of the latest scientific assessments.

5. Management and monitoring of deep-water stocks, fisheries and ecosystems in
different parts of the world
5.1. Review of deep-water fisheries in Australia, New Zealand and the Indian Ocean
5.1.1.
5.1.1.1.

Deep-water stocks and fisheries, fisheries description, history and development
Australia

The Australian Fisheries Management Authority (AFMA) has segmented the Australian fisheries in
nine entities (Table 5). The main deep-water ventures are operated within the Southern and Eastern
Scalefish and Shark fishery (SESSF), targeting orange roughy, alfonsinos, oreos (Allocyttus niger,
Neocyttus rhomboidalis and Pseudocyttus maculatus), ribaldo (Mora moro) and deep-water sharks; and
also within Antarctic fisheries targeting Patagonian toothfish. Other Australian deep-water fisheries
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comprise the Northern Trawl Fishery (landing deep-water prawns and orange roughy) and the South
Tasman Rise fishery (targeting orange roughy aggregations).
Table 5. Australian fisheries in relation to deep-sea species targeting.
Fishery
Antarctic
Coral Sea and external territories
Northern Trawl
Southern & Eastern Scalefish and Shark

Scallop and squid
Small Pelagic
South Tasman Rise
Torres Strait
Tuna and billfish

Targeted deep-sea species
Patagonian toothfish
+
Deepwater prawns
Orange roughy
Alfonsino
Deepwater sharks
Orange roughy
Oreos
Ribaldo (Mora moro)
+
+
Orange roughy
+
+

Here we focus on the SESSF fishery, which provides the bulk of deep-water species landings
in Australia, and is subject to an explicit management plan. The Antarctic fishery targeting
Patagonian toothfish is also of considerable importance in relation to the exploitation of
deep-water stocks. However, the management of this fishery falls under the remit of the
CCAMLR (see Section 5.3 below).
The SESSF is structured in four sectors: Commonwealth Trawl (CT) sector, Great Australian
Bight Trawl sector (GABTS), East Coast Deep-water Trawl sector (ECDTS), Gillnet, hook and
trap sectors (GHTS) (Figure 37). Only the CTS, GABTS and ECDTS have had a substantially
dedicated deep-water fishing activity, and are described below.
The Commonwealth Trawl (CT) sector is a mixed fishery that catches over 80 species of
commercial value (Smith et al. 2005, Wilson et al. 2009). Precursors of this fishery have been
operating since the early 1900s. Catches are taken from both inshore and offshore waters, as
well as offshore seamounts and the fishery extends southward from Barrenjoey Point in
NSW around Victoria and Tasmania and west to Cape Jervis in South Australia (Figure 37).
The main harvesting method is otter trawling.
Early fishing activities were confined until the mid-1980s to the continental shelf in depths of
less than 200 m. Then, the discovery of commercial quantities of orange roughy in waters
around Tasmania initiated a marked shift of fishing effort to deeper fishing areas and a
change in catch composition towards larger proportions of deep-water species. By 1990, the
orange roughy “boom” peaked, with about 45,000t representing 74% of the total recorded
catches. Following the decline of the orange roughy fishery, the proportion of this species in
the total quota species catch dropped to 12% in 2003. In 2008, the total CT orange roughy
TAC amounted to only 800t, with 700t captured from the Cascade Plateau stock. The
Cascade Plateau stock was the only orange roughy stock not considered to be overfished in
2008, and it is also the only orange roughy stock for which targeted fishing is currently
authorised in Australia. Restrictive TACs have also been set for the other deep-water species
caught within the CT area. The 2008 TACs amounted to 50t for deep-water sharks, 120t for
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smooth oreo, 150t for other oreos, 165t for ribaldo. In 2008, these stocks were not considered
to be either overfished or subject to overfishing.

Figure 37. Map of the different sectors of activity of the SESS fishery, © Commonwealth of Australia 2005.
Source: http://www.afma.gov.au/information/maps/sess_cts.htm

The East Coast Deep-water Trawl Sector fishery was only amalgamated into the SESSF in 2003,
when it became the ECDWTS. The fishery itself started in 1990, when orange roughy was
initially targeted around the Lord Howe Rise. In 2006, the state of orange roughy was
declared a conservation concern and its TAC reduced to bycatch levels. Alfonsino became
the main target species. However, despite a TAC of 500t, there was no fishing foe alfonsino
the ECDWTS in 2008. The status of this species was considered uncertain in 2008.
The Great Australian Bight Trawl Sector (GABT) has had a long and dynamic history (Daley
et al. 2007). Demersal trawling first occurred prior to the First World War in 1912. Over the
next 70 years, there were a number of sporadic fishing ventures focused on Bight redfish
(Centroberyx gerrardi) and jackass morwong (Nemadactylus macropterus) on the continental
shelf. These ventures were generally short-lived and hindered by inadequate vessels, poor
cold-storage facilities and the distance of the fishing grounds from eastern markets. There
was renewed interest in the GABTF during the mid-1980s when commercial quantities of
orange roughy were discovered. In 1989, orange roughy landings peaked at 3,800 t. Then the
resource declined swiftly with landings falling to 423 t by 1991. Subsequently, this species
ceased to be a major economic driver for the GABT sector. In recent years, the catch of orange
roughy on the mid-slope was taken almost entirely from two seamounts off Western
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Australia. In 2005 it fell to 117 t. In 2006, a restrictive TAC was introduced for orange roughy.
Currently, orange roughy cannot be commercially targeted and are only fished under an
approved research plan and scientific permit. The status of the GAB orange roughy stocks
was considered uncertain in 2008 (Wilson et al. 2009).
Outside the SESSF fisheries, other deep-water fisheries comprise the western deep-water
fishery, Norfolk Island Offshore Demersal Finfish Fishery and the South Tasman Rise
Fishery.
The Western Deepwater Trawl Fishery (WDWTF) is a subset of the Northern Trawl Fishery. It is
located in deep water off Western Australia, from the 200m isobath to the edge of the
Australian Fishing Zone. Exploratory fishing started in the 1980s as operators expanded
fishing for scampi and deep-water prawns. Following poor crustacean catches, the fishery
evolved into a mixed finfish trawl fishery, including deep-water species e.g. orange roughy,
deepwater bugs (Ibacus spp., Decapoda, Scyllaridae), oreos. Landings of orange roughy
peaked at 300t in 1995. In recent years, commercial species are taken on the upper (200-700m)
and mid-continental slope, but generally not in large quantities. The main species caught are
orange roughy, oreos and bugs. In 2008, deep-water bugs contributed the bulk of landings
(60t), while orange roughy and smooth oreo landings were only 6t and <1t respectively.
Although overfishing was not considered to occur in 2008 for these stocks, their status is
uncertain (Wilson et al. 2009).
The Norfolk Island Offshore Demersal Finfish Fishery is a subset of the Coral Sea and external
territories Fishery. In 2000, the AFMA issued two trawl and five demersal longline 3-year
exploratory fishing permits for offshore waters to assess the potential for commercial catches
of alfonsino and orange roughy. Between 2000 and 2003 less than 100t was landed. Since
2003 new exploratory permits have not been issued and this fishery has ceased its activities.
Low catches of orange roughy and alfonsino are indicative of small stock biomass in the
Norfolk Island EEZ (Wilson et al. 2009).
The South Tasman Rise (STR) fishery expanded in 1997 when orange roughy aggregations
were discovered. Since 1998, the STR Fishery has become a limited entry ‘international’
fishery managed with New Zealand under a memorandum of understanding. In 1998-99,
orange roughy catches peaked at 3270 t, but declined dramatically thereafter. A harvest
strategy was applied to manage the fishery over the period 2003-2007, but was not renewed
thereafter. In 2008, the fishery was closed pending further agreement with New Zealand. In
2008, the STR orange roughy stock was considered to be overexploited (Wilson et al. 2009).
5.1.1.2 New Zealand
Following the merging of what used to be different management species groups, what is
now referred as deep-water species in New Zealand is a mix of species living deeper than
600 m, orange roughy, oreos, black cardinalfish (Epigonus telescopus), alfonsino), other
middle-depth species generally distributed between 200 and 600 m (hoki, hake, ling,
southern blue whiting, squids, jack mackerel, scampi), and deep-water crabs which can be
found at varying depths down to 1500 m. There is also a New Zealand deep-water fishery
targeting Patagonian toothfish. However, the management of this fishery falls under the
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remit of the CCAMLR. Here, we focus on deep-water species living deeper than 600 m, and
particular consideration is given to orange roughy as it is the main deep-water species
harvested in New Zealand.
Commercial fishing for orange roughy began on the Chatham Rise in the late 1970s to early
1980s with fisheries in other parts of the New Zealand EEZ typically starting in the mid1980’s (Figure 38). Catches peaked in the late 1980’s and have decreased since, largely in
response to reductions in catch limits as the biomass of the various stocks has been fished
down to target levels. Over 13,000 t of orange roughy were landed from the New Zealand
EEZ in the 2007-08 fishing year. Approximately 60% of the catch came from the East and
South Chatham Rise fishery - the oldest and largest orange roughy fishery in the world.
There are three species of oreo fished within the New Zealand EEZ; smooth oreo, black oreo
and spiky oreo. Target fisheries exist for black and smooth oreo in fisheries management
areas 1, 3, 4 and 6 (Figure 38). Spiky oreo is taken as a bycatch in these fisheries and all three
species are taken as bycatch in the targeted orange roughy fishery.

160°E

165°E

0 125 250

500

750

170°E

175°E

180°

175°W

170°W

1,000
km

Map Projection: Mercator

30°S

30°S

10
1

9

35°S

35°S

2

8
40°S

40°S

7

45°S

3

4

EE Z

45°S

5
EE

Z

50°S

50°S

EE

6

Z

55°S

160°E

55°S

165°E

170°E

175°E

180°

175°W

170°W

Figure 38. Map of the New Zealand EEZ including Fisheries Management Areas (FMA): (1) Auckland (East); (2)
Central (East); (3) South-East Coast; (4) South-East (Chatham Rise); (5) Southland; (6) Sub-Antarctic; (7)
Challenger/Central (Plateau); (8) Central (Egmont); (9) Auckland (West); (10) Kermadec.

The 2009 probabilistic stock summary of the New Zealand deep-water stocks is given in
Table 6. Unlike in Australia, the New Zealand orange roughy fishery is still active, although
closures have been enforced in relation to three stocks (Puysegur Bank, Challenger Plateau,
West Coast South Island). However, the probability that orange roughy stocks are harvested
at MSY level is lower than 40%, most of them are depleted (and three of them collapsed) with
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a probability larger than 60%. Overfishing is also believed to occur except for the three closed
fisheries. The different terms “near/above target”, “depleted”, “collapsed”, “overfishing”
have been defined in the new Harvest Strategy Standard, which was introduced in October
2008 (see later). Black cardinalfish in the South-East and Chatham Rise is also believed to be
overfished and subject to overfishing. By contrast, alfonsino in the Auckland FMA seems to
be harvested sustainably with a high probability. The situation is more variable for the oreo
stocks, some are overfished and others not.
Table 6. 2009 probabilistic stock summary of the New Zealand deep-water stocks (NZMFISH 2009). The headings
of the different columns (near/above target, depleted, collapsed, overfishing. Uncertain (?)) are defined in the
newly introduced New Zealand Harvest Strategy Standard.
Species
Alfonsino

TAC
(t)
3,000

Black
cardinalfish

3,428

Orange
roughy

11,695

Oreos

19,028

FMA

Stock

Near
target?
>90%
?
<40%

Depleted? Collapsed? Overfishing

BYX1
BYX2-10
CDL2-4

Last
assessment
2008
-

1
Others
2,3,4 (SE&Chatham
Rise)
1,5,7
1 (Mercury-Colville)

<90%
?
>60%

<90%
?
40-60%

<10%
?
>60%

CDL1,5,7
ORH1

2001

?
<40%

?
>60%

?
>60%

?
?

1 (Others)
2 (East Cape)
2,3 (Mid East Coast)

ORH1
ORH2A
ORH2A, 2B,
3A
ORH3B

2003
2004

?
<40%
<40%

?
?
40-60%

?
?
?

?
?
?

2006

<10%

>60%

?

>60%

3,4 (Northwest
Chatham Rise)
3,4 (E & S Chatham
Rise)
5 (Puysegur)

ORH3B

2009

<40%

40-60%

?

>60%

ORH3B

1998

<40%

>60%

>60%

3,5,6 (Others)
7 (Challenger Plaeau)

ORH3B
ORH7A

2000

?
<10%

?
>90%

?
>60%

7 (W Coast South
Island)
1,2,3,7,8,9 (Southland
smooth)
2,3,7 (Black)
2,3,7 (Smooth)
4 (Chatham Rise black)
4 (Chatham Rise
smooth)
6 (Pukaki smooth)

ORH7B

2004

<10%

>60%

?

OEO1

2004

<40%

?

?

<10%
(closed)
?
<10%
(closed)
<10%
(closed)
>60%

OEO3A
OEO3A
OEO4
OEO4

2004
2009
2009
2007

>60%
>60%
?
>60%

<40%
<40%
?
<40%

<40%
<40%
?
<40%

?
?
?
?

OEO6

2009

40-60% <40%

<40%

?

5.1.1.3 Indian Ocean
Deep-water trawl fishing has taken place over the past several decades in the high seas of the
South West Indian Ocean region, with exploratory surveys by vessels from the former USSR
beginning in the 1970s (FAO 2008). Former USSR vessels conducted periodic deep-sea trawl
research cruises on a commercial scale throughout the 1980s and 1990s, and deep-sea
trawlers from both New Zealand and Australia were reportedly also fishing in the region
during the 1990s. In the period 1999 – 2001 there was a major increase in deep-sea trawling
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on the high seas with the discovery of orange roughy stocks by vessels from New Zealand.
The combined catch of all deep-water species in 2000 was estimated at approximately 40,000
t, involving up to 50 vessels from over a dozen countries (accurate catch data are not
available given the unreported and unregulated nature of the fishery). In 2001, only eight
vessels reportedly participated in the fishery and, in 2002, fishing activity declined even
further. Detailed information on the former USSR deep-water trawl fisheries between 1970s
and 1990s indicated that well over 100 species were taken as by-catch, which suggests that
the impact on associated and dependent deep-water species could have been significant.
At present, the dominant bottom fishery in the high seas of the South West Indian Ocean
over the past several years has been the mid-water and bottom trawl fishery on and around
seamounts for alfonsino and orange roughy. In addition to the trawl fishery, a deep-water
longline fishery on the high seas has developed over the past several years targeting
primarily deep-water longtail red snapper (Etelis coruscans). Anecdotal information also
suggests that several vessels may be fishing with deep-water gillnets on the high seas of the
south Indian Ocean, primarily for deep-water sharks.
SIODFA (Southern Indian Ocean Deep-sea Fishers Association) indicated that four deepwater trawl vessels have regularly fished the high seas of the southern Indian Ocean for
orange roughy and alfonsino since 2003, and not all of the vessels fish all year round.
5.1.2 Management institutions and processes
5.1.2.1 Australia
The AFMA manages Commonwealth commercial fisheries. In general, these extend from 3
nautical miles out to the extent of the AFZ. The States and Northern Territory are responsible
for the majority of recreational and commercial coastal and inland fishing, and inland and
coastal aquaculture operations. AFMA shares responsibility for managing some fisheries
with the States and Northern Territory. However, a general rule of thumb is that States and
the Northern Territory manage inshore species, such as rock lobster and abalone, whereas
AFMA generally manages deeper water finfish and tuna species. AFMA develops and
implements a range of policies to support its application of the legislative and regulatory
framework that exists for Commonwealth fisheries.
Overall guidance and direction is provided by the 1991 Fisheries Management Act (Anon.
2009) and Fisheries Administration Act (Anon. 2008). In managing Commonwealth fisheries,
AFMA has an obligation to develop plans and implement policy in the performance of its
functions and the pursuit of its objectives. Management plans are required for all fisheries
unless AFMA has determined that a management plan for a particular fishery is not
warranted. Each management plan sets out the objectives of the plan, measures by which the
objectives are to be attained and performance criteria against which the measures taken may
be assessed. Each plan is prepared in consultation with participants in the fishery, with a
draft plan to be made available for public comment. AFMA is also preparing Statements of
Management Arrangements for all fisheries that do not have statutory management plans. A
Statement of Management Arrangements provides a means of communicating the
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management regime for a fishery to all stakeholders, including industry, government and
the wider community.
Management objectives, strategies and tools relevant to the deep-water fisheries from the CT,
ECDWT and GABT Sectors fall in the SESSF fishery plan (SESSF 2007). Although the other
deep-water fisheries are not subject to a dedicated management plan, management
arrangements have been formalised for the WDWT Fishery (AFMA 2004).
A key feature of Australian fisheries management is the formalised stakeholder liaison and
consultation that occurs continuously through Management Advisory Committees (MACs).
MACs are a major source of advice to the AFMA, reflecting the experience and expertise of
the range of stakeholders with interest in the fisheries covered by the MAC. The AFMA is
currently in the process of reducing the number of MACs. In 2009, the Australian deep-water
fisheries were under the remit of both the South East MAC (CT and ECDWT Sectors) and the
GAB MAC (GABT Sector). The WDWT Fishery used to be covered by the West MAC, but
that was dissolved in 2009 and replaced by a small consultative panel.
MACs draw upon and consider advice provided by Resource Assessment Groups (RAGs)
which have been established for each major fishery group or individual species. RAGs
comprise fishery scientists, industry members, fishery economists, management and other
interest groups. The wide membership ensures that, in addition to scientific information on
each fish stock, industry knowledge and developments in management strategies, market
prices and the costs of harvesting are also taken into account. RAG meetings are partially
funded by the AFMA from the AFMA Research Fund (which is drawn from Government
sources on the basis that the wider community has an interest in having robust assessments
of stocks and sound resource usage strategies) and by the industry funded through a cost
recovery regime (levies). RAGs are not a body of the MACs and operate independently from
them, although the two groups work closely together. The main role of RAGs is to provide
advice on the status of fish stocks, and on the impact of fishing on the marine environment.
This includes providing advice to MAC research sub-committees on the type of information
required for stock assessments. RAGs also evaluate alternative harvest options proposed by
MACs, including impact over time of different harvest strategies; stock depletion or recovery
rates; confidence levels for fishery assessments, and risks to the attainment of approved
fishery objectives. The RAGs also evaluate and report on economic and compliance factors
affecting the fishery. RAGs coordinate, evaluate and regularly undertake fishery assessment
activity in each fishery. They report their recommendations through the individual fishery
MACs to the AFMA Board on issues such as the setting of total allowable catches (TACs),
stock rebuilding targets, biological reference points etc. In effect, the RAGs provide advice
taking account of uncertainty and seek to identify the risks associated with the alternatives
(risk assessment). RAGs are not mandated to update stock assessments on an annual (or biannual) basis, as does ICES.
The SESSF Resource Assessment Group (SESSFRAG) is the RAG dedicated to SESSF stock
assessments. Importantly, because the SESSF is managed under a 4-Tier harvest strategy (see
below), SESSFRAG advises on the tier the different SESSF stocks should be allocated to.
SESSFRAG consists of five assessment groups. One of these groups, the Deep-water
Resource Assessment Group (DEEPRAG), is responsible for assessing SESSF deep-water
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stocks deeper than 600 m. There is currently no formal RAG dedicated to the assessment of
the other non-SESSF deep-water fisheries resources.
5.1.2.2 New Zealand
In New Zealand, decisions on TACs10, allocation, Deemed Values (see below) and the
majority of fisheries regulations made by the Minister of Fisheries, who receives advice
formally from the Ministry of Fisheries. After setting a TAC, an allocation decision has to be
made, specifying allowances for, (1) the customary (Maori), (2) recreational fishers and, (3) a
virtual compartment including other sources of fishing mortality (e.g. illegal fishing). The
TAC allocation is not based on any clear scientific or policy basis. After these allowances are
made, the remaining share is allocated to the commercial fishing sector, and is referred to as
the TACC (Total Allowable Commercial Catch). It corresponds conceptually to the
Australian (and EU) TAC.
The Ministry of Fisheries has separate groups dealing with operational policy. The
Operations group deals with a range of issues, including provision of advice on regulatory
controls and TAC-setting. Stock assessment outputs are a major input to the Operations
group. Other inputs come in the form of internal and external discussions, contracted or
other relevant papers on environmental, economic and other matters, managers’
deliberations with stakeholders. The Operations group then develops an Initial Position
Paper (IPP). The IPP has to provide initial options for TAC changes, advice on how TAC
should be allocated to customary, recreational and commercial sectors, and also guidance on
Deemed Value setting. Traditionally, IPPs were developed by the Ministry in isolation.
Increasingly, discussion with stakeholders occurs even at this early stage in the process and
there is considerable benefit recognized from early engagement. The IPP is also made
publicly available and submissions are sought on all aspects. The Ministry is required to
analyse these submissions and to develop a Final Advice Paper (FAP) for the Minister. The
FAP is not released publicly until after the Minister has made decisions. At that time, the
FAP is released, usually alongside the Minister’s Decision Letter that explains decisions
made.
Science processes are well established with good access by and inclusion of interested
parties. The many Fish stock Assessment Working Groups (FAWGs) meet over a period of
time, with daily meetings spread out over weeks or months to allow contracted work to be
undertaken and for work in response to FAWG feedback. The FAWGs culminate in an
Assessment Plenary meeting which serves a limited review function and provides final input
to report preparation. The Ministry of Fisheries is responsible for producing annual Plenary
Reports, which include sections on all stocks, whether or not they have been considered that
year. Most of the commercially important stocks are considered every 2-3 years. Research
providers such as NIWA (The National Institute of Water and Atmospheric Science),
Ministry of Fisheries scientists and managers, industry representatives and occasionally
NGOs participate in FAWG and Plenary processes. In the case of deep-water FAWG, the
main industry contributors are the Seafood Industry Council (SeaFIC) and the Deepwater
10

However, with regard to international stocks and fisheries, TAC decisions are taken under the auspices of
international management agencies such as CCAMLR (toothfish) or CCSBT (southern bluefin tuna).
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Group Ltd. There is no “closed shop” approach to any science groups and there is no
restricted final science advisory committee. To the extent possible, all reports are consensual.
This is not to say that the processes are free of contention. Although the majority of FAWG
are straightforward, some, and particularly the Deep-water FAWG, have provided a
challenge in the past (notably with regards to orange roughy assessments). Challenges arise
particularly when stock assessments and data create an uncertain technical basis for objective
analysis and commentary and when scientific reports feeding in to decision-making
processes may have an effect on sustainability or utilisation outcomes.
5.1.2.3 Indian Ocean
The deep-water fisheries on the high seas of the Southwest Indian Ocean have been
unregulated. Several countries, such as Australia, New Zealand and South Africa, have put
in place some unilateral measures for their fleets operating in the region. However, there
have been no catch restrictions, and there is no regional management agreement and
structure in place to manage the fisheries.
The Southern Indian Ocean Fisheries Agreement (SIOFA) – a management framework
applicable to non-highly migratory species and to most high seas areas in the Indian Ocean,
was concluded and opened for signature in July 2006. Signatories to the agreement are
Australia, the Comoros, France, Kenya, Madagascar, Mozambique, Mauritius, New Zealand,
Seychelles and the European Community. However, the agreement has not yet entered into
force.
The only large-scale conservation initiative for seamounts in the southern Indian Ocean came
from the industry. Thus, in 2006, the Southern Indian Ocean Deep-Water Fishers Association
(SIODFA) voluntarily set aside 11 Benthic Protected Areas (BPAs).
As there are no multilaterally agreed conservation measures in place, high-seas bottom
fisheries in the Indian Ocean are not illegal fisheries. The lack of management of high-seas
fishing activities in the Indian Ocean poses major threats to deep-water species and their
habitats.
5.1.3 Management objectives and principles
5.1.3.1 Australia
General management objectives and principles for Australian fisheries may be found in Part
1 (Sections 3 and 3A) of the founding Fisheries Management Act 1991 (Anon. 2009). As for
many OECD fisheries management agencies worldwide, the Australian Act highlights the
principles of ecological and environmental sustainability, the precautionary approach, and
also the objective of optimising resource utilisation.
What is, however, a unique feature of the Australian Act is the statement that the balance
between conservation and utilisation should be achieved by “Maximising the net economic
returns to the Australian community from the management of Australian fisheries.” For many
Australian fish stocks, this management objective has been translated into a management
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target, the MEY (Maximum Economic Yield) and its related reference points. MEY is the
largest economic return that can be achieved over a prolonged period of time while
maintaining the stocks’ productive capacity.
For all SESS deep-water stocks, BMEY, the average stock biomass level corresponding to MEY,
is the legal management target, and that is estimated to 48-50% of the virgin biomass. No
management targets have been established for other Australian deep-water stocks.
5.1.3.2 New Zealand
Management objectives and principles have been established under the legal framework of
the Fisheries Act 1996 (Anonymous 2005). Similar to the Australian Fisheries Management
Act 1991, the overarching objectives of the New Zealand Fisheries Act 1996 include, to
different extents and details, biological sustainability, socio-economic, environmental and
ecosystemic requirements (Marchal et al. 2009). One outstanding feature of the Fisheries Act
1996 (Sect. 13) is the explicit reference to BMSY, the level of biomass required to achieve MSY
in the long term, as a management target. If a stock is below the target, the Minister is legally
obliged to take corrective action to rebuild biomass to or above BMSY (or a related target
level). In New Zealand, the MSY concept in the context of management objectives is overall
well accepted by managers and stakeholders. However, there are many stocks for which BMSY
cannot be estimated reliably. Such difficulties have, on some occasions, limited the
applicability of the Act in the context of fisheries management, and amendments to the
Fisheries Act 1996 have recently been recorded.
In the most recent assessments, BMSY has been considered to be about 30% of the virgin
biomass for all New Zealand orange roughy stocks, and 27% of virgin biomass for black oreo
in OEO3A (NZMFISH 2009). No targets have to date been defined for the other oreos or for
black cardinalfish. BMSY is a less conservative target than the BMEY target (48-50% of virgin
biomass) implemented in the management of the Australian SESSF deepwater stocks.
It should also be noted that, based on a review of the fisheries science and management
literature, the recent operational guidelines from the Ministry of Fisheries suggest that the
BMSY of very low productivity stocks such as orange roughy or oreos should be at least 45% of
the virgin biomass (NZMFISH 2008b). However, these more conservative targets have to
date not been implemented for management purposes.
5.1.3.3 Indian Ocean
There are no objectives or principles applicable to the management of deep-water fisheries in
the Indian Ocean.
5.1.4 Management strategies
5.1.4.1 Australia
In Australia, management strategies have since 2007 been made explicit within the
management plans that have been established for several Commonwealth fisheries, and
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these are referred to as HSP (Harvest Strategy Policies) (DAFF 2007). Here we summarise the
main features of the Commonwealth HSP, and highlight those aspects that are more
particularly relevant to the management of Australian deep-water fisheries.
The HSP represents an operational framework that explicitly enables the implementation of
the requirements of the Fisheries Management Act 1991 but also of the holistic Environment
Protection and Biodiversity Conservation Act 1999. Therefore, the HSP is not a single-species,
but rather an ecosystem-based fisheries management (EBFM) policy (Smith et al. 2007).
Therefore, while the harvest strategies summarised below are relevant to commercial fish
stocks (and more particularly deep-water fish stocks), it should be reminded that they are
only one component of the more holistic EBFM framework.
A harvest strategy defines the operational management actions required to achieve biologic
and economic objectives in a given fishery. Key elements of a harvest strategy are a
monitoring and assessment process and control rules to regulate fishing activity..
Figure 39 shows an example of a harvest control rule (HCR) that is consistent with the HSP.
BTARG is the target biomass; BLIM is the limit biomass reference point; FLIM is the limit fishing
mortality rate; FTARG is the target fishing mortality rate. The recommended biological catch
(RBC) is calculated by applying the FTARG to the current biomass (assumed to be available
from a stock assessment). The control rule specifies that as the biomass reduces below BMSY,
FTARG is decreased and is to zero at BLIM and below. The dark green area is at or above the
target, and the light green area is where management action is required to rebuild the stock
to BTARG.

Figure 39. Example of harvest control rule consistent with the HSP (DAFF 2007, Wilson et al. 2009).

Minimum standards have been established for the HSP reference points. Thus, BTARG and BLIM
should respectively be above BMEY (or 1.2 BMSY if BMEY is unknown) and ½BMSY, FLIM should be
lower than FMSY, while FTARG should be the F level required to maintain the stock biomass at
about BTARG.
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Rebuilding strategies are developed for those stocks harvested below BLIM, and these involve
setting targeted catches to zero. If stocks biomass drops substantially below BLIM, the stock
may also be included in the list of threatened species established by the Environment
Protection and Biodiversity Conservation Act (EPBC) 1999. Such stocks would then be subject to
a formal recovery plan via a legislation issued by the Australian Minister for the
Environment and Water Resources. In December 2006, orange roughy was listed as
conservation dependent under the EPBC Act 1999. The conservation program prevents
targeting of orange roughy in all fishing zones except the Cascade Plateau.
An important development of the HSP has been the inclusion, for some fisheries, of an even
more comprehensive decision-making support framework to account for various levels of
information and assessments (Smith et al. 2007). The framework, referred to as the “tiered
approach”, has been implemented for all SESSF stocks, including deep-water stocks, and is
described below.
The tiered approach provides an extra-layer of precaution to the HSP, which reflects the
levels of uncertainty in stock status (tier levels). Typically, target exploitation rates would
decrease as the uncertainty increases. Thus, a 4-Tier approach has been implemented to all
SESSF stocks:
•
•
•
•

Tier 1 stocks are subject to a robust and quantitative stock assessment;
Tier 2 stocks are subject to a quantitative but preliminary stock assessment;
Tier 3 stocks are not assessed quantitatively but F estimates are available from catch
curve analyses; and
Tier 4 stocks for which only CPUE trends are available.

Each Tier has its own HCR that is applied to calculate RBCs (Recommended Biological
Catches), which is then used to advise on TACs at the end of the political process. Five
resource assessment groups (RAGs) cover the SESSF groups of species, and advise on which
species and stocks belong at each tier and determine the RBCs.
In the last stock assessments, the RBC was calculated as follows (Wilson et al. 2009). For Tiers
1 and 2 the RBC is generated by applying the targeted F to current biomass. For Tier 3, RBC
is calculated as a proportion of average recent catch, which depends on the relationship
between the estimates of current and reference (target and limit) fishing mortalities. For Tier
4, RBC is set as a proportion of the average catch in a reference period (or half this value for
relatively unfished stocks), when the stock was considered fully fished, catch rates were
stable, and the fishery was considered sustainable. This proportion depends on the
relationship between current CPUE and the reference points (i.e., the target and limit CPUEs
corresponding respectively to BMEY and BLIM). The different SESSF deep-water stocks have
been grouped in Table 7 based on their Tier level, related reference points and RBC
calculation procedures.
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Table 7. Classification of the SESSF deep-water stocks according to their Tier level. BSQ is the current (status quo)
biomass; CatchSQ is the recent average catch; CatchREF is the catch in the reference period;  is a coefficient
reflecting the relationship between the estimate of current and reference fishing mortalities;  is a coefficient
reflecting the relationship between current and reference CPUEs.
Tier
1

BTARG (BMEY)
48% B0

BMSY
40% B0

BLIM
20% B0

RBC
Catch[FTARG → BSQ]

2

50% B0

40% B0

20% B0

Catch[FTARG → BSQ]

3
4

48% B0
48% B0

20% B0
20% B0

 * CatchSQ
 * CatchREF

SESSF stocks
CST orange roughy, eastern zone
GABT deepwater flathead
GABT orange roughy
CTS orange roughy, Cascade Plateau
CTS orange roughy southern zone
CTS orange roughy western zone
ECDWT alfonsino
CTS deep-water sharks, Eastern
CTS deep-water sharks, Western
CTS smooth oreo dory, Cascade Plateau
CTS smooth oreo dory, other
CTS other oreo dories (4 species)
Ribaldo

A simplified harvest strategy (HS) applies to the data-limited Western Deep-water Trawl
Fishery (AFMA, 2007). There is no specification of target reference points, but there are three
catch trigger levels that initiate management actions that progressively increase data and
analysis (including assessment) requirements on the fisheries. Level 1 is half the high
historical catch, Level 2 is the highest historical catch and Level 3 is double the highest
historical catch. Linked with the closure of the orange roughy fishery, the 2008 catches of all
WDTF deep-water stocks are well below the lowest Level 1 catch trigger. As a result, no
analytical stock assessments have recently been conducted for these stocks.
5.1.4.2 New Zealand
Unlike the Australia SESS fishery, no fishery plans have to-date been developed to manage
comprehensively New Zealand deep-water fisheries. However, Harvest Strategy Standards
(HSS), along with operational guidelines have since October 2008 been made explicit for all
stocks under the Quota Management System, including deep-water stocks (NZMFISH 2008a,
NZMFISH 2008b). Below we summarise the main features of the New Zealand HSS.
The purpose of HSSs is to provide a consistent and transparent framework for setting fishery
and stock targets and limits and associated timely management actions. The objective is to
achieve a high probability of achieving targets, a very low probability of breaching limits,
and acceptable probabilities of rebuilding depleted stocks. A HSS consists of three core
components:
•

A specified target about which a fishery or stock should fluctuate. The target should be
based on MSY reference points that should be achieved with at least a 50% probability.
Note that even if its biomass is near or above BMSY, a stock may be considered subject to
overfishing if the MSY-compatible fishing mortality FMSY is exceeded. This is because
stocks fished at rates exceeding FMSY will ultimately be depleted below BMSY.

•

A ‘soft’ limit that triggers a requirement for a formal, time-constrained rebuilding plan.
The default soft limit is ½BMSY or 20%B0, whichever is higher. The soft limit will be
considered to have been breached and the stock depleted when the probability that
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stock biomass is below that limit is greater than 50%. Depleted stocks should be rebuilt
back to at least the target level in a time frame between Tmin11 and 2*Tmin with an
acceptable probability. Stocks will be considered to have been fully rebuilt when it can
be demonstrated that there is at least a 70% probability that the target has been
achieved and there is at least a 50% probability that the stock is above the soft limit.
•

A ‘hard’ limit below which fisheries should be considered for closure. The default hard
limit is ¼BMSY or 10% B0, whichever is higher. The hard limit will be considered to have
been breached and the stock collapsed when the probability that stock biomass is
below the hard limit is greater than 50%. Fisheries that have been closed as a result of
breaching the hard limit will not be re-opened until it can be demonstrated that there is
at least a 70% probability that the stock has rebuilt to or above the level of the soft limit.

For orange roughy stocks, BMSY is estimated to 30% BMSY, and a target F has also been fixed to
natural mortality rates for some stocks (e.g., East and Chatham Rise orange roughy). The soft
and hard limits are respectively 20% and 10% of virgin biomass.
5.1.4.3 Indian Ocean
There are no management strategies in place for deep-water fisheries in the Indian Ocean.
5.1.5 Management tools
5.1.5.1 Australia
The SESS Fishery is managed using a mixture of input and output (TAC) controls. TACs are
the main management instrument.
There is also a limit on the number of boats that operate in each sector as well as limits on
mesh size and the amount of fishing gear that can be used. However, it is important to note
that the Australian Minister has issued a direction to AFMA that each Commonwealth
fishery be managed using output controls by 2010 unless a case can be made for why they
are not appropriate for a particular fishery.
Individual Transferable Quotas (ITQs) were first introduced into the SESSF in 1992 for 16 fish
species. However, it is only in 2005 that ITQs were broadly introduced into the SESSF for
deep-water species (oreos, deepwater sharks and ribaldo). In 2006, ITQs were introduced for
alfonsino and GABT deep-water flathead and orange roughy. ECDWT orange roughy is
managed under competitive (unallocated) TAC limits.
Despite the flexibility brought about by quota transferability, catch quota balancing has
proved to be an issue in the SESSF. Discarding, which is tolerated in Australia, has been used
as an (undesirable) instrument to achieve catch-quota balancing (Sanchirico et al. 2006).

11

Tmin is the theoretical number of years required to rebuild a stock to the target in the absence of fi shing. It is a function of
three primary factors: the biology of the species, the extent of stock depletion below the target, and prevailing environmental
conditions.
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There is currently no formal Management Plan for the WDWT Fishery. The fishery is
informally managed via limited entry (11 permits). These permits are no longer linked to
fishing performance.
5.1.5.2 New Zealand
TACs have traditionally been the main regulatory tools for all the New Zealand fisheries.
Whereas input-based measures (limited entry, gear and mesh size restrictions) are
implemented in Australia by the AFMA, such measures have only rarely been enforced in
New Zealand, where the Ministry of Fisheries has almost exclusively opted for results-based
management.
The first single-species TACs were set in 1983 for 7 deepwater stocks, within the frame of the
1983 Fisheries Act. These TACs were allotted to the nine companies harvesting these stocks
at that time. In 2010, there were 96 species (out of 130 commercial species) included in the
Quota Management System (QMS), the objective being to include eventually most living
marine organisms, including those with a commercial value and those whose sustainability
is compromised by fishing activities, but excluding marine mammals.
As detailed above, only a proportion of the TAC (TACC) is allocated to the commercial
fishing sector. In New Zealand, except for a set of 11 species, all fish caught must be landed.
Therefore, unlike in Australia, discarding cannot be considered as an option to achieve catchquota balancing. It is legal to land above quota, but a tax has to be paid for any kg of fish
sold over-quota, and that is referred to as the deemed value.
A major feature of the New Zealand management system is that the TACCs of all QMS
stocks are distributed to quota holders as ITQ shares. On the first day of the fishing year,
each ITQ (expressed as a percentage of the TACC) generates for each quota holder, and each
stock, a catching right (in kg) referred to as the annual catch entitlement (ACE), so that
ACE(kg) = TACC(kg) × ITQ(%)
An ACE, like an ITQ, is freely tradable on the open market and accessible to any New
Zealand citizen. Despite that flexibility, and even where fishers are allowed to acquire catch
rights after landing fish, aggregate commercial catches may not always match up with
TACCs. Fishers and/or quota-holders have two options. If the mis-match between catch and
quota is limited, quota-holders are allowed to carry forward up to 10% of their quota. If that
mis-match is greater, fishers are allowed to land species in excess of their ACE, even when
the overall TACC for these species has already been exceeded. In this case, fishers are
charged at the end of the fishing year a landing tax, or deemed value, for each unit of catch
they land above their ACE holdings at the time. The deemed value is set annually by the
Minister of Fisheries at the same time as the TAC and the TACC. There has not been to-date
any clear policy or rationale as to how the deemed value should be calculated. However, the
level at which the deemed value is set may have dramatic consequences for the fisheries
sustainability (Marchal et al. 2009). While a high deemed value (i.e. well above the ACE
price) may encourage fishers to shift target species once their ACE is exceeded, a deemed
value set at a low level (i.e. close to, and a fortiori below, the ACE price) may incentivise
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fishers to pay the charge requested and continue targeting the same stock, even when they
have no ACE. The Ministry of Fisheries recognised the need to strengthen the background
around deemed value setting, and it is currently in the process of approving and
implementing a Deemed Value Standard.
5.1.5.3 Indian Ocean
There are no management mechanisms in place for deep-water fisheries in the Indian Ocean.
5.1.6 Monitoring methods
5.1.6.1 Australia
AFMA has a responsibility to monitor the impact of fishing under its arrangements and must
collect and verify data for this purpose. The data must be appropriate for monitoring fishing
practices and contributing to management objectives. AFMA uses data from a range of
sources, including data supplied by the fishing industry as well as data from independent
sources. These data are mainly used as inputs to the stock assessments carried out by the
RAGs but also for compliance purposes. The primary data comprise catch and effort
logbooks, independent observer data, catch disposal records, vessel monitoring systems
(VMS) data and prior reporting. The fishing industry is the main funding body of the data
collection program (100% of logbook costs, 80% of observer costs). The economic status of the
main Australian fisheries is monitored through collection of economic data and the
derivation of appropriate performance indicators (Hohnen et al. 2008).
Assessments of orange roughy stocks are heavily dependent on information from fisheriesindependent surveys. These comprise acoustic and egg production surveys, which provide
absolute biomass estimates, conducted by the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) and the fishing industry.
Koopman et al (2008a and 2008b) summarised the SESSF orange roughy length frequency
sampling (including discard sampling) applied during the 2006 monitoring programme. Onboard sampling was carried out by observers for both the CTS and the GABT sectors, but
port-based sampling could only be conducted for the CTS sector. Discard rates were low
(<1%).
5.1.6.2 New Zealand
The scope of data collected for stock assessments in New Zealand is similar to that in
Australia. The main information includes catch and effort logbooks, independent Ministry
observer data and vessel monitoring systems (VMS) data. The fishing industry is the main
funding body of the data collection program. Biological data (e.g. otoliths) collection and
research surveys (acoustic, trawl and egg surveys in the case of deep-water stocks) are
conducted by both New Zealand National Institute of Water and Atmospheric Research
(NIWA) and the fishing industry.
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Unlike in Australia, the costs and earnings of the New Zealand fishing fleets are not
routinely collected, which hampers the monitoring of their economic status. The only source
of economic data regularly recorded is on individual quotas and fish prices. ACE holdings
and trading prices are recorded in ACE and Quota Share registers for each stock.
Information on fish prices is derived from a survey conducted annually by the Ministry of
Fisheries, which collects prices paid by licensed fish receivers to fishers. However, the
outcomes of this survey are also used to calculate the levy charged to quota holders for the
costs of fisheries management and stock assessment, which may have incentivised fishers to
report low prices.
We provide below some detailed information on the design of the New Zealand biological
sampling and survey programmes.
Size and reproductive data for orange roughy are collected by observers of the Ministry of
Fisheries Observer Programme (OP), a fishing industry Offshore Trawl Sampling
programme (OTS), and from MFish/NIWA and industry research surveys. Anderson (2008)
summarised available data by fishery. The level of coverage was generally appropriate for
the most important orange roughy fisheries (e.g., Spawning Box, east Chatham Rise and
Pukaki fisheries), but sampling was poor for some of the more marginal fisheries (e.g. SW
Chatham Rise fishery).
For oreos, Hart and McMillan (2009) summarised black oreo and smooth oreo biological data
for the fishing year 2006–07. Data were collected mainly by observers from the Ministry of
Fisheries Observer Programme (OP) but some samples from fishing industry funded groups
including the Deep-water Group (DWG) were also taken. Sampling was carried out for each
individual oreo fishery as well as for some areas outside the main fisheries. A good level of
sampling was achieved in New Zealand’s largest oreo fishery for smooth oreo in OEO4 (15%
of catch, 6,915 fish sampled). By contrast, sampling in OEO3A in 2006–07 was reduced to
very low levels compared to previous years, i.e., 1% of black oreo catch and 2% of smooth
oreo catch.
Observers mandated by the Ministry of Fisheries monitor discard rates on-board New
Zealand fishing vessels. Between fishing years 2000-01 and 2005-06, the percentage of the
orange roughy fishery covered (in terms of the estimated annual target fishery catch) ranged
from 11.6% to 29.4%, above the 10% target level usually required by the Ministry of Fisheries
(Anderson 2009). Anderson (2004 and Anderson (2009) indicated that the discard rates of
orange roughy, black oreo and smooth oreo are low (< 2%). However, the reliability of these
estimates is questionable. Discarding QMS species (including orange roughy and oreos) is
prohibited in New Zealand, however there is a derogation to allow quota species to be
legally discarded in certain circumstances when observers from the Ministry of Fisheries are
present on-board. This derogation has led to a debate about whether discards are greater
when observers are present (and could allow legal discarding practices) or when they are not
present (and illegal discarding could take place unseen).
Information for stock assessments of orange roughy and oreo is available from acoustic, egg
production and trawl surveys conducted by both NIWA and the fishing industry. The most
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recent surveys have combined acoustics and trawling operations on both research and
research-dedicated fishing vessels.
5.1.6.3 Indian Ocean
In 2003, deepwater fishing companies that are members of SIODFA started to report their
catches to the Association. However, this information is not publicly available. While the
initiative by SIODFA represents an important step forward, it highlights the need for
accurate and independent data to monitor deep-water fisheries in the Indian Ocean. The
Resolution on Data Collection concerning the High Seas in the Southern Indian Ocean was
adopted by the Fourth Intergovernmental Consultation on the Southern Indian Ocean
Fisheries Agreement in 2004. While the resolution was only voluntary at that stage, the
Conference on the Southern Indian Ocean Fisheries Agreement in July 2006 called on all
states concerned to implement the resolution as a matter of urgency (FAO 2007a). No data
have yet been reported despite the resolution’s request.
5.1.7. Stock assessment methods
5.1.7.1 Australia
Only the SESSF deep-water stocks are subject to stocks assessments and are presented below.
The type of assessment depends on the stocks under consideration.
All SESSF orange roughy stocks have been subject to a quantitative (although not necessarily
recent) assessment, and as such are considered Tier 1 or 2 stocks (Wayte 2004 and Tuck
2007). The Cascade Plateau stock is the only Australian orange roughy stock for which
targeted fishing is still authorised. The Stock Synthesis model of Methot (2005) was used for
the 2006 assessment of both the Cascade Plateau and the Eastern Zone orange roughy stocks.
In this assessment package, all relevant processes are incorporated in the model, and
goodness-of-fit is calculated in relation to original data. The population dynamics model
used is an age- and sex-structured model, with gradual recruitment according to age, and it
is calibrated using acoustic abundance indices. The recommended biological catch was
calculated in accordance to the Tier 1 (Eastern Zone orange roughy) and Tier 2 (Cascade
Plateau stock) HCRs. A review of orange roughy assessments was planned for 2009, but the
outcomes are not available at the present time.
The assessment of alfonsino (Tier 3), based on an age-structured catch curve analysis, is
considered to be unreliable. A CPUE-based Tier 4 assessment has not recently been carried
out because of the low levels of fishing activity.
Deepwater sharks, oreo dories and ribaldo are considered Tier 4 species, and their
assessment is based on expert analysis of CPUE trends. It is unclear whether the CPUE series
used in the assessments are reliable indices of abundance. This is particularly true for
ribaldo, the exploitation regime of which has been subject to marked shifts over time (Wilson
et al. 2009).
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5.1.7.2 New Zealand
The assessments of all New Zealand deep-water stocks are carried out using Bayesian
methods. In recent years, most of the stocks in Table 6 have been assessed analytically with
the CASAL programme (Bull et al. 2002), using an age-structured, sometimes sex-partitioned
and even spatialised (black oreo in FMAs 2, 3, 7) model, to estimate virgin and current
biomass. The COLERAINE model (Hilborn et al. 2003) has also been considered to
incorporate industry co-expertise in relation to the Mid-East Coast orange roughy stock.
Biomass indices incorporated in the assessments included standardised CPUEs, acoustic,
trawl and, in the case of some orange roughy stocks, egg surveys. The less recent analytical
assessments (e.g., Mercury-Colville orange roughy assessed in 2001, Challenger Plateau
orange roughy assessed in 2000) were not age-structured and built on stock reduction
techniques. Finally, the assessments of East and South Chatham Rise orange roughy, West
Coast South Island orange roughy, Chatham Rise black oreo and alfonsino have been based
on an analysis of the trends in surveys and/or standardised commercial CPUEs.
5.1.7.3 Indian Ocean
Deep-water stocks in the Indian Ocean have not yet been subject to formal stock assessments.
5.1.8 Summary
The main features of the management and monitoring of Australian, New Zealand and
Indian Ocean deep-water fisheries systems are summarized in Table 8.
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Table 8. Main features of the management and monitoring of the Australian, New Zealand and Indian Ocean deep-water fisheries.

Fisheries
Management Processes

Objectives
Strategies

Measures

Monitoring

Assessment

Australia
• most orange roughy fisheries closed
• AFMA makes decisions
• broad involvement of stakeholders (MAC)
• cost recovery regime
• no provision for annual assessments
• BMEY is the target for all SESSF stocks
• BMEY = 48-50% B0 for orange roughy
• HSP. Tier approach for SESSF stocks
• Trigger: BMSY (40% B0 for orange roughy)
• Fishery closure: 20% B0
• TAC and some input-based measures
• TAC overshooting prohibited
• discarding tolerated
• ITQ system
• Logbooks, observers, VMS, surveys
• Industry involvement
• Routine monitoring of economic
performance
• Bayesian framework
• Analytical assessments with tiers 1 and 2

New Zealand
• most orange roughy fisheries still active
• NZ Fisheries Minister makes decisions
• broad involvement of stakeholders
• cost recovery regime
• no provision for annual assessments
• BMSY is the target for all QMS stocks
• BMEY = 30% B0 for orange roughy
• HSS. Probabilistic framework.
• Trigger (soft limit): 20% B0
• Fishery closure: 10% B0
• TAC and no input-based measures
• TAC overshooting taxed (deemed value)
• discarding banned
• ITQ system
• Logbooks, observers, VMS, surveys
• Industry involvement
• No routine monitoring of economic
performance
• Bayesian framework
• Generally age-structured assessments

Indian Ocean
• several vessels fishing
• unregulated fishery

•

some industry data

•

no recent assessments
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5.2. Deep-water fisheries off Brazil
5.2.1.

Introduction and background

The most recent review of Brazilian deep-water fisheries is by Perez et al (2009b). Until the
early 1990s deep-water fishing was essentially scientific or restricted to hand-line
operations over slope grounds and seamounts targeting various rockfish species (Paiva et
al., 1996; Peres & Haimovici, 1998). In addition, Soviet trawlers explored the Martin Vaz
(20-21°S, 36-39°W) and Rio Grande Rise (28°-35°S, 20°-38°W) seamounts in the 1980s
(Clark et al., 2007). Despite a few government efforts to map the ocean floor and assess
potential resources, commercial fishing beyond the continental shelf break (100-250 m)
until the 1990s was generally considered unproductive and uneconomical (Haimovici et
al., 1994; Haimovici, 2007). The development of deep-water fisheries was mainly in the
southeastern and southern sectors of the Brazilian coast (19°-34°S) (see Figure 1) and was
motivated by the overfishing of the main coastal resources and a government led vesselchartering program. Around 2000-2001, foreign-chartered longliners, gillnetters, potters,
and trawlers started to operate in Brazilian waters, leading the occupation of the upper
slope (250-500 m), mostly targeting monkfish (Lophyus gastrophysus), Argentine hake
(Merluccius hubbsi), Brazilian codling (Urophycis mystacea), wreckfish (Polyprion
americanus), Argentine short-fin squid (Illex argentinus), red crab (Chaceon notialis), and
royal crab (Chaceon ramosae). Between 2004 and 2007, chartered trawlers established a
valuable fishery on deep-water shrimps (family Aristeidae), heavily exploiting the lower
slope (500-1000 m). However, despite intensive data collection, the availability of timely
stock assessments, and a formal participatory process for the discussion of management
plans, deep-water stocks are already considered to be overexploited due to limitations of
governance (Perez et al, 2009b).
5.2.2.

Description of the deep-water fishing grounds off Brazil

The continental margin off the Brazilian coast can be subdivided into five sectors:
northern, northeastern, central, southeastern, and southern (Figure 40).
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Figure 40. Continental margin off Brazil, SW Atlantic. a) northern and northeastern sectors, b) central,
southeastern, and southern sectors (from Rossi-Wongtschowski et al., 2006). Dots represent fishing
hauls conducted by the chartered trawlers. (see description of deep-water fisheries below). Chartered
gillnetters, potters, and longliners operate in the same slope areas as those occupied by trawlers (see the
lower map) but are not represented for clarity.
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Deep-water fishing activities have concentrated on the slope grounds of the south-eastern
and southern sectors. This area is highly undulated and morphologically characterized by
the occurrence of several seaward protrusions and submarine canyons between 100 and
1000 m depth (Figueiredo Jr. & Madureira, 2004). The slope floor is generally covered by
mud, but there are areas where nodules of calcareous algae and beach rocks concentrate,
predominantly north of 26°S. In addition, deep-water coral reefs have been mapped along
the lower slope of southeastern sector (20°-24°S), some of them hundreds of meters long,
tens of meters wide, and up to 15 to 20 m high (Pires, 2007).
Seamounts have been of secondary importance for deep-water fishing activity off the
Brazilian coast. These structures ascend from the slope and ocean basin floor throughout
the Brazilian EEZ (Rossi-Wongtschowski et al., 2006). Particularly dense and accessible
seamount concentrations are found in the central and northeastern sectors, most notably
as part of the Ceará Plateau, Fernando de Noronha Chain, and Vitória-Trindade Chain.
Hand-line fishing and trawling have been reported on seamounts of these chains
(Fonteles-Filho & Ferreira, 1987; Martins et al., 2005; Clark et al., 2007). In 1982-1984 and
2000-2002, Soviet/Russian vessels also reported trawling on seamounts of the Rio Grande
Rise area, outside the Brazilian EEZ (Clark et al., 2007).
5.2.3.

Description of the deep-water fisheries off Brazil

At the end of the 1990s, a new government led scientific program was established to assess
fishing potential in the Brazilian EEZ (REVIZEE Program; Anon, 2006). Commercial
fishing by Brazilian vessels had already expanding to the outer continental shelf and
slope, largely as a result of the over-exploitation and subsequent decline in catch-rates in
fisheries on the inner shelf (Perez et al., 2001). To enhance this development, the Brazilian
fishing authorities in 1998 introduced a foreign vessel-chartering program. This program
allowed national companies to operate in Brazilian waters using technologically efficient
foreign vessels specialized in oceanic and deep-water fisheries, featuring on board fish
handling, processing, packing, and freezing (Wahrlich et al, 2004).
This program identified the existence of exploitable resources and international marketing
opportunities mainly in the EU and Asia (Soares & Scheidt, 2005), and from 2000 onwards
an unprecedented commercial exploration began of fishing grounds 200 to 1000 m deep
(Perez et al., 2003). Deep-water fisheries off Brazil comprise hook-and-line (operated as
handlines, longlines, bottom gillnets, pots, and bottom trawls (Perez et al., 2003). The
national fleet participated in the occupation of deep areas with longliners and trawlers.
Chartered vessels operated with these gears but also introduced the use of deep-water
gillnets and traps in the Brazilian EEZ (Perez et al., 2003; Wahrlich et al., 2004). Chartered
fishing operations intensified from 2000 onwards, gradually diminishing between 2004
and 2007 as many foreign vessels moved away from the Brazilian EEZ.
Handline fishing off Brazil was first a coastal activity in the central sector, specifically off
the southern coast of Bahia State and the Abrolhos Archipelago (17°25'-18°10'S, 38°33'39°37'W). In the 1970s, the fleet expanded activity towards the slope grounds of the
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southeastern and southern coasts (200-600 m depth) and changed its technology to vertical
longlines and finally to bottom set horizontal long-line (Peres & Haimovici, 1998). By the
end of the 1990s, handline and long-line fleets were operating on slope grounds to the
north and south of 29°S, respectively. Handliners targeted the tilefish (Lopholatilus villarii),
snowy grouper (Epinephelus niveatus), sandperch (Pseudopercis numida), and catfish
(Genidens barbus); whereas the longliners targeted mainly the wreckfish, but also produced
important catches of Brazilian codling, red porgy (Pagrus pagrus), and pink cusk-eel
(Genypterus brasiliensis) (Ávila-da-Silva & Arantes, 2007; Haimovici et al., 2007). Four
chartered longline vessels operated off the southern sector of the Brazilian EEZ, three in
2000 and one in 2001, all targeting wreckfish concentrations south of 30°S and between 159
and 800 m. These trips also landed important catches of pink cusk-eel, the school shark
(Galeorhinus galeus), and tilefish (Perez et al., 2003).
The deep-water gillnet fishery started in 2001 with two vessels and increased to a
maximum of ten in 2002, most of them originating from Spain (Wahrlich et al., 2004).
Fishing took place on the upper slope grounds, between 200 and 500 m depth along the
entire southeastern and southern sectors of the Brazilian coast (Perez et al., 2002a).
Monkfish was the targeted species, accounting for around 40% of the catch by number.
Catches of royal crabs, spider crabs (family Majidae), beardfish (Polimixia lowei), silvery
John dory (Zenopsis conchifera), Brazilian codling, Argentine hake, wreck-fish, angel shark
(Squatina argentina), and various skates (Rajidae) were also important. In mid-2002,
government regulations prohibited foreign gillnetters to operate south of 21°S and this
resulted in a cessation of chartered gillnet operations off Brazil. A small national fleet (up
to 5 vessels) continued the fishery using the fishing technology and the international
markets introduced by the chartered vessels (Wahrlich et al., 2004).
The first recorded pot/trap fishing for deep-water crabs was recorded in 1984-1985, when
two chartered Japanese vessels operated off the southernmost extreme of the Brazilian
EEZ (Lima & Branco, 1991). This activity began again in 1998 when another Japanese
vessel initiated operations in the same area as part of the government led chartering
program (Perez et al., 2003). On both occasions, the species targeted was the red crab, a
stock whose distribution extends southwards to Uruguayan waters, where a similar pot
fishery has existed since the 1990s (Defeo & Masello, 2000). The same single vessel
continued to exploit the red crab off Brazil until 2007, operating on the upper and lower
slope (200 to 900 m depths) south of 33°S (Pezzuto et al., 2006a). Between 2001 and 2002,
four chartered pot vessels from Russia, Spain, and the UK started fishing off southern
Brazil for another species of deep-water crab, the royal crab. Fishing was concentrated on
the lower slope (500-900 m) within the area bounded by the parallels 27°S and 30°S. In
2003, this area was expanded northward with the establishment of a new fishing ground
off southeastern Brazil between 19°S and 25°S, and this coincided with the entry of
another two vessels from Spain and one from the USA. By 2007, all of these vessels had
gradually abandoned fishing in Brazilian waters. There are only two reported incidences
of pot fishing for deep-water crabs by national vessels; briefly in 2004-2005 off southern
Brazil and in 2006 off the coast of Ceará in the northeast sector of the Brazilian coast.
There, one vessel exploited a third species of the genus Chaceon, the golden crab C. fenneri,
at depths of 600 to 800 m (Carvalho et al., 2009).
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Trawling on the slope areas off Brazil intensified from 1999 onwards as a consequence of
both the expansion of traditional fishing areas of the national fleet and the operation of
foreign trawlers chartered to explore deep grounds within the Brazilian EEZ (Perez et al.,
2001, 2003). In southeastern and southern Brazil, a preliminary “exploratory phase” of
chartered trawling was carried out in 2000 and 2001 by two large Portuguese and South
Korean vessels fishing between 100 and 400 m depth (Perez et al., 2003; Perez et al., 2009a).
This resulted in an “upper slope directed phase” characterized by intense exploitation by
seven trawlers mostly from Spain of Argentine hake in two strata, 23°S-25°S and 26°S29°S, at a depth 250-400 m. Catches of the Argentine squid were also important, along
with the monkfish, silvery John dory, and Brazilian codling, the latter usually discarded
due to the lack of an international market. After sharing the upper slope and most of its
demersal resources with the national fleet for nearly one year, most of chartered trawlers
involved in this fishery left Brazilian waters by the end of 2002 (Perez et al., 2009a).
Chartered trawling off Brazil continued, however, through the operation of another group
of foreign vessels developing and prosecuting a fishery on the lower slope targeting
concentrations of aristeid shrimps: Aristaeopsis edwardsiana (scarlet shrimp), Aristeomorpha
foliacea (giant red shrimp), and Aristaeus antillensis (alistado shrimp) (Pezzuto et al., 2006b;
Perez et al., 2009a). Two Spanish trawlers started this fishery in late 2002-2003, in a limited
area bounded by the 24-26°S parallels and 700-750 m isobaths. In mid-2004, another five
trawlers from Spain, Mauritania, and Senegal started operations within the same area, and
then moved gradually to new grounds to the north (19°30’-20°S) and, in 2005, to the south
of 26°S (Pezzuto et al., 2006b; Dallagnolo et al., 2009). This phase directed at the lower slope
was the longest to be sustained by chartered trawlers off Brazil, but it also declined in 2007
when most vessels abandoned Brazilian waters due to poor catch rates.
Chartered deep-sea trawling was also attempted in the northern and northeastern sectors
of the Brazilian coast at depths between 428 and 1,158 m deep off the coast of Amapá State
(47-50°W) in late 2002, where productive concentrations of A. edwardsiana and A. antillensis
were found (Pezzuto et al., 2006b). Additionally, a few trips by one trawler were directed
towards the seamounts making up the Ceará Plateau and Fernando de Noronha Chain.
These seamounts rise from nearly 1,000 m at the base to 200 m at the top, where the gentle
topography was found suitable for trawling. Catches in these areas were mostly
composed of the Warsaw grouper (Epinephelus nigritus), but catch rates decreased rapidly
to unprofitable levels. These areas have been abandoned ever since (Perez et al., 2009a).
A summary of the deep-water fishing activity carried out by the foreign chartered fleet off
Brazil between 2002 and 2007 is given in Table 9.
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Table 9. Spatial distribution of deep-water fishing hauls conducted by the foreign chartered fleet off
Brazil between 2000 and 2007. Hauls are grouped by fishing gears, depth strata (and seamounts), and
sectors of the Brazilian coast (data by sector includes a small amount of fishing on the shelf-break (100250 m). Numbers in parentheses represent the proportion (%) of hauls conducted by gear in each depth
strata and sector. In the last line, the number in parentheses represents the proportion of hauls
conducted by fishing gear (modified from Perez et al, 2009b).

Fishing gear/depth strata/sector
Upper slope
(250-500) m
Lower slope
(> 500) m
Seamounts
Coastal sector
North
Northeast
Central
Southeast
South
Total

Longline
9
(19.6)
28
(60.9)
0
(0.0)

Gillnet
3186
(92.3)
230
(6.7)
0
(0.0)

Pot/traps
628
(9.5)
5925
(90.0)
0
(0.0)

Trawl
5634
(24.8)
15360
(67.7)
965
(4.3)

Total
9457
(28.9)
21543
(65.7)
965
(2.9)

0
(0.0)
0
(0.0)
0
(0.0)
4
(8.7)
42
(91.3)
46
(0.1)

0
(0.0)
6
(0.2)
10
(0.3)
2294
(66.4)
1143
(33.1)
3453
(10.5)

19
(0.3)
57
(0.9)
292
(4.4)
4498
(68.3)
1715
(26.1)
6581
(20.1)

55
(0.2)
1221
(5.4)
3850
(17.0)
17438
(76.9)
123
(0.5)
22687
(69.2)

74
(0.2)
1284
(3.9)
4152
(12.7)
24134
(74.0)
3023
(9.2)
32767
(100.0)

Trawls and pots/traps accounted for almost 70% and 20% of the total fishing activity
respectively, most of which was on the lower slope in the southeast sector. Gillnet
activity (10% of total) was also focussed in this sector but mostly on the upper slope.
Activity by longliners was negligible over the period 2002-2007. Treating the year
2000 as a reference for the start of a deep-sea fishingin Brazil, total landed catches of
the main demersal “deep-water” resources reported for the southeastern and
southern sectors of Brazil, where this activity has concentrated, varied annually from
around 5,800 t in 2000 to a maximum of 20,000 t ton in 2002, decreasing to nearly
11,000 ton in 2006 (Table 10). These annual figures reported in Perez et al, (2009)
include landings for some species which may or may not be considered to be deepwater species depending on the definition of deep-water used. These species include
the Brazilian codling, Argentine hake, monkfish and the Argentine squid. If these
species are excluded, deep-water crab species and, in later years, deep-water shrimp
species accounted for the majority of annual landings.
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Table 10. Annual landings (t) of deep-water resources in southeastern and southern Brazil between
2000 and 2006 (from Perez et al, 2009b).

5.2.4.

Fisheries monitoring

The deep-water fishery developed off the coast of Brazil was one of the most
intensely monitored fisheries in Brazilian waters. In addition to the use of official
data collection logbooks, observers and VMS programs were implemented for the
first time in order to enforce the legal obligations of the chartered fleet when the
REVIZEE scientific exploration program was commissioned. Observer and VMS
coverage applied to all vessels (i.e.100% coverage). These programs were conducted
as part of a scientific cooperation agreement between the Brazilian government and
the University of “Vale do Itajaí” (Santa Catarina, southern Brazil). In 2005, after a
period of development and adjustments, these programs became national policies
were incorporated into the agenda of the Special Secretariat of Aquaculture and
Fishery, the Ministry of the Environment and Natural Resources, and the Brazilian
Navy.
Between 2000 and 2007, 311 fishing trips by the chartered fleet were observed and
monitored by satellite VMS. Data on fishing position, depth, and catch/bycatch from
over 35,800 fishing sets were recorded. Observers also collected biological samples of
these catches and recorded biological data (length, sex, and maturity, depending on
the species) for around 713,810 individuals of the main target species.
Complementary data was obtained during the same period for landings by the
national fleet.
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5.2.5.

Fisheries-independent surveys

Fisheries and biological data were also obtained from surveys mostly conducted by
research vessels in 2001 and 2002 as part of the REVIZEE program (e.g., Cergole et al.,
2005; Costa et al., 2005; Rossi-Wongtschowski et al., 2006). The survey area included
southern Brazil's outer shelf and slope between Cabo Frió (23°S) and Chui (34°35'S)
and comprised 152,354 km2 within a depth range 100 to 600 m. However, much of
the data collected and results arising (exploitable biomass estimates using swept area
raising methods), were only available for the main largely upper slope demersal
species, monkfish and hake species, for example.
5.2.6.

5.2.6.1.

Species-specific fisheries, biological information, stock assessments and
stock status
Wreckfish (Polyprion americanus)

The species is long-lived (up to 76 years), the age of maturity is around 10 years and
spawning occurs in localized areas off southern Brazil (Peres & Haimovici, 2003). In
these areas, most of the local stock is highly vulnerable to the Brazilian long-line
directed fishery as well as unintentional mortality from slope trawling and monkfish
gillnetting (Peres & Klippel, 2003; Perez & Wahrlich, 2005). Sparse catch records of
this species date back to 1973, but a series of nominal catches has been available from
1986 onwards (Valentini & Pezzuto, 2006). Until 2004, annual reported landings
oscillated around 700 to 800 t. These data may be not be accurate as they likely
include landings for two other serranids (Epinephelus niveatus and E. flavolim-beatus)
and because there has been a historical trend of unreported catches, particularly
during the first half of this period (Haimovici & Peres, 2005). These authors
estimated that landings declined nearly 79% since 1989 (dropping from 2,200 t in
that year to less than 460 t in 2002), in association with abundance reductions
ranging from 57 to 94%, according to CPUE time-series analysis. Part of this
reduction has been attributed to a significant increment in fishing mortality as the
result of rising demands of international markets and increased fishing power in the
longline fleet.
5.2.6.2.

Red crab (Chaceon notialis)

Exploitation of the red crab started in Brazil in 1998, when a Japanese factory vessel
was chartered by a national company. The vessel was closely monitored by
observers and VMS and fishing and biological data were made available. Between
2000 and 2003, annual landings were mostly around 1100 t range, attained a
maximum of around 1400 t in 2003, and declined thereafter. Females accounted for
around 70% of the biomass exploited and most of the catches are composed of
immature individuals. Spawning seems to be localized both in space and time; in
Brazil, ovigerous females were found concentrated at depths shallower than 600 m,
mostly from July to December (Pezzuto et al., 2006b).
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Assessments based on the Effective Fishing Area Method (Defeo et al., 1991; Arena et
al., 1994) and Gulland’s Formula (Pezzuto et al., 2002) for the “Brazilian” part of the
stock (33°00’S and 34°40’S) (there is also a fishery in adjacent Uruguayan waters)
estimated virgin biomass and MSY at 17,118 t (16,454-17,779 CI95%) and 1,027 t,
respectively (Table 2.).By the end of 2005, the stock biomass, as indicated by
commercial catch-rates, was reduced to nearly 60% of its original levels (Pezzuto et
al., 2006a).
5.2.6.3.

Royal crab (Chaceon ramosae)

The fishery for this species started in 2001 and soon expanded to a fleet of up to eight
foreign processor vessels chartered by national companies. The species was also the
most abundant and valuable bycatch item of several chartered gillnetters and
trawlers that targeted other deep-sea resources such as monkfish and aristeid
shrimps (Perez & Wahrlich, 2005; Pezzuto et al. 2006c). Males predominated in
catches and ovigerous females were concentrated in areas shallower than 700 m
from January to June (Pezzuto et al., 2006b). More than 50% of the males and females
caught were sexually immature (Pezzuto & Sant’Ana, 2009).
In the first year of exploitation, catches amounted to around 600 t and this increased
to around 1200 t in 2002. Using the same methodology as for red crab, stock biomass
and MSY were estimated in 2002 to be 11,636 ton (11,272-12,008 t CI 95%) and 594 t,
respectively (Pezzuto et al., 2002, 2006a). Catches declined in 2005 and 2006 as a
direct response to lower catch rates and successive reductions in the number of
vessels in the fishery (Pezzuto et al., 2006b).
5.2.6.4.

Scarlet shrimp (Aristaeopsis edwardsiana)

The scarlet shrimp (carabinero shrimp) is an aristeid shrimp distributed in slope areas
worldwide. This is a high-valued species that has been commercially exploited by
trawl fisheries at low latitudes of both the East and West Atlantic (Dallagnolo et al.,
2009). Off Brazil, it has been the main target of the lower slope trawl fishery phase
conducted by chartered vessels since 2003 (Pezzuto et al, 2006c; Perez et al., 2009a).
The main concentrations have been exploited in the southeastern sector, between 22
and 26°S at depths of between 700 to 750 m. After 2004, fishing continued within
these depths but expanded latitudinally to areas in the central and southern sectors
of the Brazilian coast. Concentrations were also identified in northern Brazil, off the
coast of Amapá State, where fishing was mostly exploratory (Pezzuto et al, 2006c;
Perez et al., 2009a).
The catch size-structure is dominated by females and includes around 20% of
immature individuals (Anon, 2007). Males are smaller than females (maximum
carapace length 72 mm and 106 mm, respectively). Sexual maturity is reached at 58
mm and 48 mm carapace length in males and females. The reproductive cycle is
annual, with most spawning activity in the second half of the year.
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Annual catches increased from 13 t in 2002 to a maximum of 183 t in 2005, declining
to 20 t in 2007. Using of commercial catch rate data and swept area procedures, a
total exploitable biomass of 865 t was estimated within the fishing areas south of
19°S in 2002. This biomass, regarded as virgin, was reduced by around 45% by 2007
due to an intense trawling effort concentrated on spatially discrete fishing grounds
(Dallagnolo, 2008). Considerations of the species’ life-history (Kirkwood et al., 1994)
allowed the definition of an MSY of around 6% of the virginal biomass or
approximately 2.5 ton. Taking the total biomass at MSY as a limit reference point, it
was concluded that the recent state of the scarlet shrimp stock was biologically
‘unsafe’.
5.2.6.5.

Giant red shrimp (Aristaeomorpha foliacea)

The giant red shrimp (moruno shrimp) was the second most abundant aristeid shrimp
caught by chartered trawlers on the lower slope off Brazil (Pezzuto et al., 2006c).
Catches were generally associated with the chartered trawling activity directed at
the larger, more abundant scarlet shrimp. Nevertheless, the species was found to
dominate catches in particular fishing grounds of the southeastern and central
sectors, principally in later years as densities of scarlet shrimp decreased (Dallagnolo
et al., 2009). Total giant red shrimp catches increased continuously until 2005 and
2006, peaking at 43 and 52 t, respectively, and then declining to 8 t in 2007.
Maximum carapace length of males and females in catches was 62 and 91 mm,
respectively, with maturity attained at lengths of 46 and 29 mm. Reproduction was
found to be continuous throughout the year. Immature individuals have been rare in
the catches (Anon, 2007).
Densities increased continuously on the slope off southeastern Brazil from 2002 to
2007, as estimated by commercial catch rate analysis. In this sector, the mean
exploitable biomass peaked in 2007 at around 200 t (Dallagnolo, 2008). Off the
central sector of the Brazilian coast, a maximum of around 90 t of exploitable
biomass was estimated in 2006, declining by around 45% in 2007, possibly in
response to harvest rates as high as 22 and 54% in 2005 and 2006. MSY for the giant
red shrimp was estimated to be 15-19% and 17-20% of the exploitable biomass of
females and males, respectively (Dallagnolo, 2008).
The abundance estimators, methods for stock assessment, reference points, and the
status of the major deep-water stocks exploited in southeastern and southern Brazil
are summarised in Table 11.
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Table 11. Abundance estimators, methods for stock assessment, reference points, and the status of the
major deep-water stocks exploited in southeastern and southern Brazil. t: year, B0: virgin or initial
biomass, C: catch, Cref: catch in the year of reference, E: exploitation rate (modified from Perez et al,
2009b)
Stocks

Abundance
estimators/
indicators

Stock
assessment
methods

Reference points
(limits)

Stock
status

-

Ct/Cref;
CPUEt/CPUEref
(1)

-

Collapsed (1)

Aristaeopsis
Edwardsiana

Swept area,
GLM (2)

Kirkwood et al.,
2004 (2)

Bt/B0;
Bt/BMSY;
CPUEt/CPUE0;
CPUEt/CPUEMSY;
GLMt/GLM0;
GLMt/GLMMSY (2)

Overexploited (2)

Aristaeomorpha
foliacea

Swept area,
GLM (2)

Kirkwood et al.,
2004 (2)

Unknown

Chaceon
notialis

EFA, GLM,
CPUE
(3, 4)

Gulland’s
equation
(3)

Chaceon
ramosae

EFA, GLM,
CPUE
(3)

Gulland’s
equation
(3)

Bt/B0;
Bt/BMSY;
CPUEt/CPUE0;
CPUEt/CPUEMSY;
GLMt/GLM0;
GLMt/GLMMSY (2)
Bt/B0; Bt/BMSY;
CPU-Et/CPUE0;
CPU-Et/CPUEMSY;
GLMt/GLM0;
GLMt/GLMMSY (4)
Bt/B0; Bt/BRMS;
CPU-Et/CPUE0;
CPU-Et/CPUERMS;
GLMt/GLM0;
GLMt/GLMRMS (4)

Teleosts
Polyprion
americanus
Crustaceans

Fully exploited (13)

Fully exploited/
Overexploited (13)

1) Haimovici & Peres (2005), (2) Dalagnollo (2008), (3) Pezzuto et al. (2006a), (4) Pezzuto et al. (2006b).

5.2.6.6.

Bycatch species

The detailed recording of catch compositions by observers on board chartered
vessels has provided opportunities to assess the impact of deep-water fishing on the
slope ecosystems of Brazil. The most comprehensive study to date has focused on a
qualitative and quantitative bycatch analysis of the chartered gillnet fishery for
monkfish during 2001 (Perez & Wahrlich, 2005). Absolute catches in numbers of
non-targeted species were estimated for the entire chartered gillnet fleet in 2001
through their observed mean catch rates (individuals per sampled net). These
bycatches included the royal crab and spider crabs, elasmobranchs, principally the
angel shark and various skates; teleosts, the beardfish, silvery John dory, Brazilian
codling, Argentine hake, wreckfish; and turtle, cetacean, and bird species. Indirect
mortality impacts tended to be higher in mobile bottom dwellers but bycatch
abundances decreased and their basic composition changed southwards, where
large teleosts, elasmobranchs, cetaceans, and birds were dominant over the small
teleosts, crustaceans, and other invertebrates that characterized the bycatch
composition in the northern area. Non-intentional mortality inflicted by bottom
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gillnets on large K-strategists (wreckfish, sharks, rays, turtles, cetaceans, birds) was
regarded as critical, although highly correlated with operations in the southernmost
areas of the Brazilian EEZ, where these groups tend to concentrate.
Assessments of the gillnet fishery and other fisheries (including cephalopods and
other invertebrates) have been mostly qualitative (Perez et al., 2004, Bastos, 2004). A
total of 185 macro and mega invertebrates as well as sponges, cnidarians, annelids,
crustaceans, molluscs, and echinoderms were recorded. Considering the length of
the pot (9 km) and gillnet (20 km) lines used during each fishing set, it has been
argued that their impact on benthic fauna may not be as unimportant as previously
thought. Previously, closer attention has been paid the impact of the trawling fishery
directed at aristeid shrimps on the lower slope because his fishery produces diverse
bycatch of truly deep-water benthopelagic fishes and removes deep-sea corals,
particularly where they form slope and seamount reef formations (Pires, 2007).
5.2.7.

Fisheries management

Until 1998, fishing management and control were responsibilities of the Ministry of
the Environment (MMA), which was based on an almost 40-year-old coastal fishingoriented management model. In 1999, due to political pressure from the fishing
industry interested in a more “development than environmentally-oriented
philosophy”, a second management authority was created under the Ministry of
Agriculture and Livestock (DPA/MAPA) with a mandate to develop and manage
aquaculture and the economic exploitation of those stocks defined as “sub-exploited,
unexploited, and highly migratory”.
The REVIZEE program was led by the MMA and the focus was mostly to estimate
fishing potential as required by UNCLOS. Brazil had requested a 200 miles EEZ but
needed to demonstrate knowledge about the resources of that area. The deep-water
fishery in Brazil was developed by means of an independent short-term chartering
program launched by DPA. This allowed national and overseas fishing companies to
associate and operate foreign deep-water vessels under temporary fishing
authorizations. The explicit objectives of the chartering program were:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

to enhance the fish supply in the domestic market and to generate foreign
currency;
to improve competence and promote employment in the national fishing
industry;
to occupy rationally and sustainably the Brazilian EEZ;
to stimulate the formation of a national fleet capable of operating in deepwaters and utilizing equipment that incorporates modern technology;
to expand and consolidate fishing enterprises;
to generate knowledge on living resources of the continental shelf and EEZ;
and
to sustainably exploit fishing resources on the high-seas.
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This strategy led to the rapid development of foreign fleets targeting new, valuable,
fragile deep-water resources (Perez et al., 2002a, 2003, 2009a; Pezzuto et al. 2006a,
2006c), in some cases, paralleled by an expansion of coastal domestic fleets to the
same areas and resources (e.g. Perez & Pezzuto, 2006). Not only did fishing effort
dramatically increase on virgin stocks for which the fishing potential was virtually
unknown, but this process also stimulated conflicts between fleets and resulted in,
within most of the national fishing industry, a disregard for fishing authorities and
fisheries management plans.
Concerns about the sustainability of the target species as well as environmental,
social, economic, and political impacts of such an uncontrolled scenario led to the
creation in 2002 of the Consultant Committee for the Management of Deep-water
Resources (CPG). This Committee comprises delegates of the fishing sector (shipowners, fisherman, and fishing industry workers), representatives of governmental
agencies, an Executive Secretariat and members of Scientific and Compliance
Subcommittees (SCC and SC, respectively). The SCC produces the bulk of data and
recommendations to be discussed and approved at the regular CPG meetings.
Management plans and other recommendations from the CPG have consultant
power only, as the final decision to implement is under the jurisdiction of the
Secretariat. Perez et al (2009b) report that despite representing significant progress
towards a more rational management process, the CPG experience has not yet been
totally successful. Fishing development and its negative impacts have occurred more
rapidly than the Government Secretariat (challenged by political and institutional
pressures) has been able to deal with. They cite the upper slope monkfish fishery as
an example of the monitoring and management problems encountered.
Following the rapid start of the monkfish fishery in the late 1990s, biological,
technical and operational data were collected intensively during 2001. A complete
stock assessment and management recommendations were first made available to
government and industry in April 2002 (Perez et al., 2002b). Scientific results and
recommendations were subsequently analyzed and improved during SCC meetings
in 2002. Meetings of a special working group formed by the SCC, government, and
industry members produced the first version of the monkfish management plan.
A new government body (the Special Secretariat for Aquaculture and Fishing)
decided to reopen the debate on the monkfish fishery in 2003, considering not only
the new institutional and political circumstances (a change in elected government),
but also the strong opposition by the part of the industry interested in a more freeaccess regime to the fishery. A new version of the management plan was discussed
and approved but was not implemented. After more than four years of uncontrolled
exploitation, in May 2004, the stock was declared to be overexploited. In 2005, SCC
decided to adopt a strong political stance demanding legal intervention in the
process in order to ensure the sustainability of the stock. As a consequence, the
monkfish management plan was introduced (Table 12). Since then enforcement of
management rules has been poor and subsequent biomass assessments have not
shown any signs of recovery.
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Table 12. Management elements of the deep-water fisheries in southeastern and southern Brazil.
Logbooks and VMS: 100% coverage. Observers: 100% cover-age. Exceptions are indicated in specific
cases (from Perez et al, 2009b)

The management of other deep-water resources such as geryonid crabs, aristeid
shrimps, and demersal fishes has faced the same difficulties, with negative
consequences for the sustainability of the respective stocks.

5.3. Antarctic Deepwater fisheries
5.3.1. Deep-water stocks and fisheries, fisheries description, history and
development
Antarctic fisheries are limited to four species, two of which live in deep water;
Patagonian toothfish and Antarctic toothfish (Dissostichus eleginoides and D. mawsoni
respectively). The others, namely krill (Euphausia superba) and icefish
(Champsocephalus gunnari), are primarily pelagic fisheries. Icefish are restricted to
shelves and depths shallower than 400m, and krill are found in their highest
densities over shelf breaks with significant proportions of their populations living in
upper surface waters (<300m depth) waters over shelves and open ocean (Nicol and
Endo 1997).
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Toothfish is long-lived and slow growing, reaching 2m in length. Both species
mature late (about age 10 in Patagonian toothfish, age 14 in Antarctic toothfish;
CCAMLR, 2009). Toothfish are mostly piscivorous, although squid and deep-water
shrimp may also be eaten (Permitin and Tarverdiyeva 1972). They shows strong
depth stratification, with larger animals occurring at deeper depths (Agnew 1999),
and are typically found between 200 and 2000m on continental shelf slopes around
South America and the sub-Antarctic Islands (although toothfish do occur and have
been caught at depths of up to 3000m (SC-CAMLR 1995)). Young animals may be
found as shallow as 50m on the continental shelf itself. Dissostichus mawsoni
(Antarctic toothfish) occurs further south than D. eleginoides, being generally
restricted to Antarctic waters south of 65°S.
Toothfish are found throughout the CCAMLR Convention Area (Figure 41) on
continental shelves, sub-Antarctic Islands or seamounts. The number of selfcontained stocks/populations is not known, although genetic studies suggest some
distinct major stocks (Smith and McVeagh 2000; Smith and Gaffney 2000; Appleyard,
Ward, and Williams 2002; Shaw, Arkhipkin, and Al-Khairulla 2004):
•
•
•
•
•

On the Patagonian shelf;
Around South Georgia (Subarea 48.3) and the northern South Sandwich islands
(Subarea 48.4);
At Prince Edward and Marion Islands (Subarea 58.6/7);
On the Kerguelen/Heard island plateau (Subarea 58.5);
In the Ross Sea (Subarea 88.1/2).

The status or existence of other stocks is not clear, but there are small populations of
Patagonian toothfish on Ob and Lena banks (Subarea 58.4.4), Crozet island (Subarea
58.6), south of Heard Island, north of the Ross Sea and in the SEAFO area; and small
populations of Antarctic toothfish in the south of the South Sandwich Islands and
along the coastline of East Antarctica (Subarea 58.4.1/2), which are probably distinct
stocks (Agnew et al. 2009; Roberts and Agnew 2009).
The two principal methods of catching Patagonian toothfish are trawling and
longlining. The methods differ in the size and quantity of fish caught. Trawlers are
confined to fishing at relatively shallow depths and on fairly smooth grounds, and
currently only operate around Heard Island catching primarily juvenile fish.
Longliners operate in deeper water, 550m – 2000m (there is a general prohibition on
fishing shallower than 550m in most areas of the Antarctic) targeting adults.
Different gear configurations are used – Spanish system longlines, autolines and trot
lines (Agnew 2004). Longliners tend to catch the larger fish in deeper waters - 1000 to
1500m. Bait is either squid or horse mackerel. Traps (pots) are also used occasionally,
though with limited success.
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Figure 41. Map of CCAMLR convention area, with Subareas delineated in red (CCAMLR).

Patagonian toothfish have been caught in the CCAMLR area, sometimes as bycatch,
since the beginning of finfish harvesting in the 1970s. However large quantities were
only taken with the development of longlining in the late 1980s. Exploitation
developed serially around the Antarctic, being initiated in the late 1980s around
South Georgia (Subarea 48.3) and shortly afterwards around Kerguelen Island
(58.5.1). Toothfish stocks around these islands were plagued for much of the 1990s by
illegal, unregulated and unreported (IUU) fishing. IUU fishing was a major problem
at South Georgia until 1996, when within a period of about 3 months the IUU fishery
transferred to the Southern Indian Ocean – most strongly around the sparsely
patrolled Prince Edward and Crozet islands (Agnew and Kirkwood 2005; Green and
Agnew 2002).
Fishing on Antarctic toothfish in the Ross Sea (Subareas 88.1 and 88.2) did not start
until the late 1990s, and remains an exploratory fishery in CCAMLR nomenclature. A
designation as “exploratory” comes with requirement for prior notification and the
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undertaking of research/observer activities (although for most other fisheries vessels
are also required to undertake research and have observers).
To the end of the 2008/09 fishing season a cumulative total of 400,000 t had been
taken from CCAMLR waters since 1985, 33% by IUU fishing. The annual licensed
catch from assessed fisheries (i.e. all non-exploratory fisheries plus the Ross Sea) is
about 14,000 t.
5.3.2.

Monitoring and assessment methods

A fairly standard suite of monitoring methods – demersal trawl surveys, commercial
CPUE, scientific observer data – are augmented with mark-recapture data from
tagging. Only recently have tagging data become available, and prior to this the
assessment of toothfish, as for any deep water species, was difficult.
Early attempts at assessments of toothfish used local depletions of CPUE (i.e. local
deLury methods) to arrive at estimates of local density. They also used literaturebased estimates of attraction distance to estimate densities based on the catch rate of
the baited commercial longlines. The first comprehensive attempt to estimate
toothfish stock size and sustainable exploitable biomass was made in 1992 (SCCAMLR 1992) for the South Georgia stock. The estimates of growth rate at this time
were similar to current estimates of growth rate, except for Linf, which was estimated
to be much higher (210cm) than it is today (135cm). Natural mortality was estimated
at 0.13, the same as it is today. However the estimates of biomass were very
uncertain, and a depletion experiment conducted in 1994 demonstrated that this
method was not reliable (Parkes et al. 1996). For this year, and all subsequent years,
international scientific observers were required on all vessels, an aspect of this
fishery which has considerably improved data quality and availability.
A special workshop on toothfish assessment methods was held in 1995, and
recommended two major developments: (i) standardisation of CPUE series using
generalised linear models to account for depth and month, as well as other less
important factors such as bait type and soak time; and (ii) demersal trawl surveys of
shelf areas to estimate the abundance of pre-recruits. The latter takes advantage of
the life history of toothfish, which includes pelagic egg and larval stages (that are
rarely observed (Evseenko, Kock, and Nevinsky 1995)). After hatching, the larvae
appear to move inshore over the shelf, grow rapidly, moving closer inshore until as
juveniles they leave the surface waters and become demersal (North 2002).
From 1995 to 2003 assessments of toothfish at South Georgia and Heard Island
incorporated their respective shelf surveys of juvenile toothfish and calculated
constant future yields that satisfied the CCAMLR decision rules (see below) using a
stochastic projection methodology incorporating uncertainty in natural mortality
(Constable et al. 2000). Developments during this period were focussed on refining
the estimates of recruitment; because reliable methods of determining age of
toothfish from otoliths had not yet been developed, recruitment estimates were
dependent upon use of a mixture analysis of length density data (De la Mare, 1994).
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The essential problem with using survey data for juvenile abundance estimation is
the very high variability of the estimates, caused by the highly patchy distribution of
juvenile toothfish. Moreover even adult toothfish appear to have a bentho-pelagic
lifestyle (Yukhov 1982; Williams et al. 2002), so that bottom trawl surveys are very
inefficient at sampling them. Furthermore, these methods required the ability to
undertake bottom trawl surveys on shelf distributions of juvenile toothfish, which
was possible in only a very few areas where toothfish populations were being fished
(South Georgia, Kerguelen and Heard islands). In other areas, including the Ross Sea,
the pre-recruits are inaccessible to trawl surveys. Although the method of assessing
toothfish based on survey estimates of recruitment abundance continued to be used
for several years, for instance at Heard Island, in the mid-2000s there was a move
away from this method, because of its high levels of uncertainty and inapplicability
for some stocks of toothfish, towards the use of tagging data.
Experiments on tagging toothfish had started in 2000, and with some surprise it was
discovered that toothfish are relatively robust to tagging. Even though they are often
recovered for tagging from 1500m depth, their lack of a swim bladder and their
apparently regular vertical migrations means that they do not suffer serious
bathymetric shock, and though they may be effectively blind for a few weeks their
survival is estimated at greater than 90% (Agnew et al. 2006). Since this discovery
mark-recapture programmes have become the mainstay of the observations used in
assessments, although because toothfish appear to move very little (Marlow et al.
2003) mixing must be undertaken physically by vessels. Tagging is eased in
CCAMLR because of the presence on board each vessel of one scientific observer,
and in exploratory high latitude fisheries of two observers.
Current assessment methods for the well-studied stocks – South Georgia, Heard
Island and the Ross Sea - use an integrated age-structured model (CASAL (Bull et al.
2005)) that are based on data on catches at length and age, survey catches at length
and age, standardised CPUE trends and mark-recapture data to estimate stock size
with Bayesian estimation of parameter uncertainty (Hillary, Kirkwood, and Agnew
2006). These methods produce consistent, relatively robust estimates of stock size,
although the complexity of the estimation model may be large (Candy and Constable
2008). Difficulties with these assessments remain in a number of areas, for instance
the correct estimation of natural mortality, and the difficulty of integrating tagrecapture data from widely different fleets in an international mixed fishery, but the
essential method appears to be quite reliable given a good understanding of the
required model structure.
There remain a number of fishing areas, however, where “mature” assessments of
the type described above are not yet possible. In these, a range of different
approaches are used. For instance, in Kerguelen the assessment is based on simple
monitoring of biomass trends from a deep-water survey, made possible by the
relatively fishable grounds around that island (SC-CAMLR 2007). On the coast of
East Antarctica the mark-recapture experiment appears to be failing, for reasons that
are not known, and CCAMLR has resorted to estimates based on local depletions
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and the comparison of CPUE from vessels fishing in this area and the well-assessed
Ross Sea (Agnew et al. 2009). On Banzare bank (the Southern Indian Ocean sector)
local depletion methods have been used (McKinlay et al. 2008). Although these
methods are acknowledged to be inaccurate, and to have failed in some areas in the
past, these important fishing areas lack either juvenile trawl surveys, or reliable
mark-recapture data from which to make alternative stock estimates. Furthermore,
CCAMLR generally applies a very high level of precaution to interpreting the results
of these alternative assessment methods and determining sustainable yields.
5.3.3.

Management methods (including HCRs and BRPs)

Management of CCAMLR fisheries involves the mitigation of detrimental ecosystem
interactions. Restrictions on fishing that limit the interaction with seabirds provides a
good example of how this has been achieved (Kock 2001). Setting of fast-sinking lines
at night, seabird scaring devices, restrictions on offal discharge and avoidance of
areas where seabird interactions are high, have essentially eliminated seabird
bycatch in the regulated fishery.
The CCAMLR convention has also ensured measures exist to limit damage to the
benthic ecosystem (CCAMLR 2009). Bottom trawling is prohibited in the high seas of
the CCAMLR convention area (and currently only takes place around Heard Island),
as is all bottom fishing in waters shallower than 550 m around the entire Antarctic
continent. Protected areas also exist. For example, fishing for all finfish is prohibited
around the Antarctic Peninsula and the South Orkney Islands to protect finfish
stocks that were depleted prior to the establishment of CCAMLR.
In addition to these restrictions, a trigger mechanism is imposed on bottom fishing
vessels: if the catch rate of benthic organisms exceeds the threshold, the vessel is
required to complete its fishing operation and move to another area. The location of
regions where the trigger has been activated can then be used to inform future
spatial management measures designed to protect the most vulnerable benthic
regions.
The basis of the HCRs used by CCAMLR is as follows. Any harvesting and
associated activities in the CA are conducted with the following principles of
conservation:
(a) prevention of decrease in the size of any harvested population to levels below
those which ensure its stable recruitment. For this purpose its size should not be
allowed to fall below a level close to that which ensures the greatest net annual
increment;
(b) maintenance of the ecological relationships between harvested, dependent and
related populations of Antarctic marine living resources and the restoration of
depleted populations to the levels defined in (a) above; and
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(c) prevention of changes or minimisation of the risk of changes in the marine
ecosystem which are not potentially reversible over two or three decades, taking into
account the state of available knowledge of the direct and indirect impact of
harvesting, the effect of the introduction of alien species, the effects of associated
activities on the marine ecosystem and of the effects of environmental changes, with
the aim of making possible the sustained conservation of Antarctic marine living
resources.
Discussions on how to embrace these objectives arose during early meetings of the
Scientific Committee (about 1985; (Constable et al. 2000)) but it was not until 1991
that a framework expressed explicitly in terms of precaution and uncertainty was
accepted, initially for managing the krill fishery. The HCR was expressed, for krill, as
a three part rule based on a constant harvest rate γ, determined as a proportion of an
estimate of the pre-exploitation biomass (B0):
(i) choose γ1 so that the probability of the spawning biomass dropping below 20% of
its pre-exploitation median level over a 20-year harvesting period is 10%;
(ii) choose γ2 so that the median krill escapement in the spawning biomass over a 20year period is 75% of the pre-exploitation median level; and
(iii) select the lower of γ1 and γ2 as the level for calculation of krill yield.
The first part is thought of in CCAMLR as a “recruitment criterion” corresponding to
the requirements of conservation principle (a) above, and the 20% B0 level as an
effective limit reference point. The second part is thought of in CCAMLR as a
“predator criterion”, corresponding to the requirements of conservation principle (b),
and the 75% B0 level as an effective target reference point. CCAMLR chose 75% as a
compromise point, between what would be considered appropriate in a singlespecies context (taken, with precaution, by CCAMLR to be 50% B0) and what would
be the case in the absence of fishing (i.e. 100% B0).
In the early 1990s, when standard stock assessment approaches were being applied
to toothfish, standard calculations of yield were also made, using F0.1 as the target
reference point. In 1995, when for the first time an assessment was conducted using
the general yield model, a HCR based on the CCAMLR decision rules (above) was
applied, although at that time only part (i) was used. In 1996 and subsequent years
parts (ii) and (iii) were also applied, but with a modification to ensure that
escapement was 50% of the pre-exploitation median level, appropriate to a singlespecies context with precaution. This was considered to be relevant for toothfish
because the species has relatively few predators (Agnew, 2004). Adherence to the
CCAMLR criteria was ensured through a process of simulation, whereby the stock is
projected forward under constant values of γ1 and γ2.
Application of the same HCR for the main assessed stocks (South Georgia; Heard
Island; Ross Sea) has been continuous from 1996, even though the underlying
assessment methodology has changed. From 1996 to 2007 assessments were
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conducted annually, thereafter only every two years. A different harvest control rule
is applied to the Prince Edward Islands (South Africa), which has nevertheless been
evaluated by extensive simulation in light of its performance against the CCAMLR
criteria (Brandao and Butterworth 2009). Management of Kerguelen and Crozet
Islands (France) remains unclear.
For each stock where the HCR is applied, the TAC is allocated to vessels either
licensed with the sovereign state or registered directly with CCAMLR (when fishing
in international waters). It is only when the stock lies with the exclusive economic
zone of a particular state that enforcement is possible, making illegal activity a
continual threat. Indeed, this unregulated fishing has likely contributed to failure of
tagging experiments in exploratory fisheries on the eastern shelf of Antarctica
(Agnew et al. 2009), where the IUU catch is equivalent to that taken by the legal
fishery.
Most assessed stocks are above their target reference points (50% B0) (Table 13), with
the exception of Prince Edward Islands, which have been subjected to heavy illegal
fishing. The applied management framework can thus far be considered successful.
However there is still potential for improvement. Recent developments of the
assessment to include survey data as indices of recruitment at age, and the
incorporation of catch at age rather than catch at length data in the CASAL model
(Agnew and Belchier 2009; Agnew and Peatman 2009), allow for relatively accurate
estimation of cohort strength. This suggests the possibility of deviation from the
constant-catch methodology to account for variations in the size of cohorts as they
enter the fishery.
Table 13. Summary of the status of stocks in CCAMLR waters (SC-CAMLR 2009). ICAA: Integrated
catch at age model; ICAL: Integrated catch at length model. In all cases these were implemented using
CASAL (Bull et al. 2005). SPM: surplus production model.
Stock
48.3
48.4

Location

South Georgia
South Sandwich
Islands
58.5.1
Kerguelen
58.5.2
Heard Island
58.6
Crozet Islands
58.6/7
Prince Edward
Islands
Exploratory fisheries
48.6
58.4.1/2
58.4.3a
Elan Bank
58.4.3b
Banzare Bank
88.1/88.2 Ross Sea

Species

Assessment

D. eleginoides
Dissostichus spp.

ICAA/L
ICAL

Depletion
(B/ B0)
0.61
1.09

D. eleginoides
D. eleginoides
D. eleginoides
D. eleginoides

None
ICAA/L
None
ICAL

0.63
0.37

Dissostichus spp.
Dissostichus spp.
Dissostichus spp.
Dissostichus spp.
Dissostichus spp.

None
Preliminary
SPM
None
ICAL

None
0.95
0.80

The success of CCAMLR’s approach can perhaps be measured by the number of
fisheries that have been assessed and certified as sustainable by the Marine
Stewardship Council. Certified deepwater fisheries include South Georgia Toothfish
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(certified 2004, recertified with no conditions 2009) and Ross Sea Toothfish (under
recommendation for certification, as of February 2010).
5.4. Deep-water fisheries in the SE Atlantic - South East Atlantic Fisheries
Organisation (SEAFO)
5.4.1.

Introduction

The South-east Atlantic is a topographically diverse area broadly comprising the
continental shelves and slopes off Angola, Nambia and South Africa, and the Angola
and Cape abyssal basins on either side of the Walvis Ridge which runs southwesterly
from the African coast to the southern part of the Mid-Atlantic Ridge (MAR). Of the
islands found in the south-east Atlantic, the most well known are Ascension Island,
St Helena, Tristan da Cunha and Gough. Most are volcanic in origin, and, as with the
Walvis Ridge, are often associated with assemblages of seamounts. Although the
exact number of seamounts in the south-east Atlantic is not known, the Seas Around
us Project (SAUP, 2006) has estimated that potentially there may be around 640 large
seamounts (>1 km in height) of which around 130 are within national exclusive
economic zones (EEZs) (Kitchingman et al., 2007). Much of the area outside EEZs is
deep water, and deep-water fisheries in this area exploit a range of species in
different types of deep-water habitats (e.g. seamounts, slopes, banks etc).
The main topographical features in the SEAFO Convention Area (CA) include the
Walvis Ridge, Agulhas Ridge and the Mid-Atlantic Ridge (MAR) (Figure 42).

Figure 42. Bottom topography of the SEAFO Convention Area also showing SEAFO Divisions and
Sub-divisions (depth scale is in metres) (from SEAFO, 2006)
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The Walvis Ridge extends from around 18º south, off the Namibian coast, in a
southwesterly direction towards the MAR. This Ridge sub-divides the CA into the
Cape Basin in the south and the Angola Basin in the north. Several important
seamounts, banks and plateaus are associated with the Walvis Ridge e.g. Valdivia
Bank. The Agulhas Ridge extends from around 35º south, south of Cape Town, in a
southwesterly direction and separates the Agulhas Basin from the Cape Basin to the
north. Again, several important seamounts, banks and plateaus are also associated
with this feature. The MAR, at around 15ºW, runs through the entire SEAFO region
from north to south (SEAFO, 2006).
5.4.2.

Overview of fisheries

Historically, it is suspected that landings data are incomplete and that the quality of
much of the available data is poor. Historically, there have been quite large shortterm trawl fisheries since the 1970s for alfonsino (Beryx splendens and Beryx
decadactylus) (up to around 3000t in some years) and on a much small scale (annual
catches <100t), for orange roughy in SEAFO Division B1. These fisheries were
entirely unregulated and orange roughy in BI is now seriously depleted and those of
alfonsiono have mostly disappeared. Fisheries in the SEAFO CA currently comprise
a longline fishery in Sub-Division D1 for Patagonian toothfish (largest annual
landings 245 t in 2003), a trap fishery in Sub-Division B1 for deep-water red crab
(Chaceon spp.) (largest annual landings 770 t in 2007) and, in 2010, a mid-water trawl
fishery just outside the Angolan and Namibian EEZs for alfonsino (landings circa 200
t). The amount of IUU) fishing in the SEAFO CA is unknown (SEAFO, 2010)
5.4.3.

Fisheries monitoring

Fisheries are currently monitored using landings and effort data reported by
Contracting Parties (CPs), vessel monitoring system (VMS) data and observer
reports. Scientific observers are mandatory on SEAFO licensed vessels fishing in the
SEAFO CA,
The quality and quantity of data from active fishing vessels has improved
considerably in recent years as the observer scheme has developed and new
reporting forms introduced. Historically there was no distinction between landings
and catches, however discard information is now available for all vessels fishing in
the SEAFO CA. Furthermore, fishing effort and biological (length, weight and sex
ratio) data are now routinely recorded by observers. Maturity information is
available from vessels fishing for toothfish, but not for red crab. Data recorded by
observers also includes bycatch information as well as incidental catches such as
seabirds, turtles and marine mammals (none were recorded for 2009-10 to date).
There were recorded catches of VME indicator species (mostly corals and sponges) in
the toothfish fishery. Observers indicated that only very small amounts of fishing
gear were lost in the toothfish fishery.

156

VMS data are only available from 2007 onwards. The data for 2010 (to date) are
presented in Figure 43. Data have been anonymized so that Contracting Parties and
individual vessels cannot be identified.
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Figure 43: VMS data of the longline (LL), mid-water trawl (MT) and red crab (pot) vessels that operated
in the SEAFO CA in 2010 (note hatched areas indicate EEZs of coastal states).
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5.4.4.

Stock assessments

There is paucity of abundance data from commercial vessels and a total absence of
regular structured surveys aimed at collecting biological and abundance data for use
in assessments. Abundance indices based com commercial catch-rate data are only
available orange roughy and Patagonian toothfish.
The orange fishery in sub-division B1 started in 1995 andcontinued until 2005.
During these 9 years, 7 Namibian vessels were fishing for orange roughy and in total
1270 trawls were made and about 1000 tonnes of deep-sea species were landed. A
total of 290 tonnes of orange roughy and 303 tonnes of alfonsino were landed over
this time period. The LPUE was the highest in 1995 and thereafter decreased rapidly
to reach the lowest LPUE in 1999. Since then the LPUE seems to have stabilized at a
low level.
Nominal and standardized LPUE indices (2004-2009) for longliners fishing for
Patagonian toothfish show an increasing trend. A concern, however, is that
standardization procedure (generalised linear model model with factors for depth,
area, season and year) only explains 10-12% of the observed variation in LPUE. This
suggests that other unknown factors may be impacting on LPUE.
5.4.5.

Management of fisheries and stocks

Although historical landings data are incomplete, and there is evidence historically
of sporadic fishing activity, compared with most other RFMOs in the Atlantic Ocean
fishing pressures in the SEAFO CA have been and remain relatively low.
Notwithstanding, there are considerable challenges in developing management
measures for fisheries. Although in recent years there has been some improvement
the quantity and quality of fisheries monitoring data and data available for stock
assessments, all the fisheries and stocks in the SEAFO CA can be defined as ‘datapoor’. SEAFO has therefore adopted the Precautionary Approach (PA) in introduced
measures to restrict fisheries at low levels until data are collected and assessments
carried out that can confirm that higher catch levels are sustainable.
Current landings restrictions include TACs on deep-water red crab (based on the
average of recent landings levels) at 200 t in SEAFO Sub-Division B1 and 200 t in the
remainder of the CA, and a TAC of 230 t for the Patagonian toothfish (broadly in line
with the precautionary TAC applied by CCAMLR north of 60°S in CCAMLR SubArea 48.6 which is to the south and adjacent to the SEAFO CA) (SEAFO, 2010).
SEAFO has also introduced precautionary management measures to protect two of
the most vulnerable and commercially valuable species found in the CA, orange
roughy and alfonsino. There is a zero TAC for orange roughy in Sub-division B1 (See
above) and a TAC of 50 t for the remainder of the SEAFO CA, the latter to prevent a
strong increase in activity but to permit exploratory fishing. Although alfonsino is
not long-lived (maximum recorded age is 17 years) or slow-growing, fisheries often
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target aggregations associated with seamounts and other topographical features.
These fisheries may be short-lived and episodic i.e. occurring every 15-20 years as
and when seriously depleted populations show signs of recovery. Given that there is
no information currently available on the size alfonsino stocks in the SEAFO Area,
and again because of the speed at which fisheries for this species can develop, a
precautionary TAC of 200 t is in place for the entire SEAFO CA (SEAFO, 2010).
As part of International Plan of Action to protect sharks (FAO, 1999), SEAFO has
banned fisheries directed at deep-water sharks until information becomes available
to identify sustainable harvesting levels (SEAFO, 2008b).
Management measures have also been introduced to reduce the incidental by-catch
of seabirds in the SEAFO CA. All longline vessels fishing south of the parallel of
latitude 30o south must carry and use bird-scaring lines (tori poles). Longlines must
be set at night only and the dumping of offal is prohibited while gear is being shot or
set. Similar regulations (except allowing fishing during day-time) are also in place for
trawlers.
Regarding the impact of abandoned, lost or otherwise discarded fishing gear
(ALDFG) on habitat and biodiversity (ghost fishing), the use of gillnets is banned in
the SEAFO CA. The only other fisheries that currently pose potential ALDFG
problems are longline fisheries for Patagonian toothfish and trap fisheries for deepwater red crab. Fishery observers record instances of ALDFG, including gear
dimensions and geographical position.
5.4.6.

Management of VMEs in the SEAFO CA.

At present, closed areas, bottom fishing regulations and encounter protocols are the
main management tools used to afford protection to VMEs in the SEAFO CA.
5.4.6.1. Closed areas
Any isolated topographic feature that rises to within 1000m of the ocean/sea surface
should be regarded as having the potential to host vulnerable marine ecosystems
(VMEs). Isolated topographic features at these depths may experience both enhanced
primary production and interaction with vertically migrating zooplankton,
providing increased food resources to seafloor populations. Combined with likely
increased water movements over/across the topography and the possible occurrence
of hard substratum (rocky terrain) these factors are likely to produce “biological
hotspots” with increased standing stocks (abundance and biomass of the seabed
fauna) and species richness (biodiversity).
It is also important to consider the likely regional variations in the VMEs present.
For example, the SEAFO CA encompasses five major oceanic biogeochemical
(Longhurst) provinces; each of these may be home to significantly different seamount
biological communities.
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The designation of closed areas should, therefore, attempt to provide some
protection in each province, rather than for example a large singe closed area within
a single province.
In addition, seamounts with summits at any depth do have the potential to host
biological communities associated with hydrothermal systems. Such communities
are generally thought to have high conservation value.
To account to some extent for the possible existence of chemosynthetic communities
at depths >1000m and that the maximum potential depth of deep-water fishing is
around 2000m, in 2010 SEAFO introduced revised and new closed areas (Figure 44)
to protect geographically discete aggregations of seamounts penetrating into the
upper 2000m of the water column which, on the basis of historical fishing patterns,
are considered to be unexpoited or only slightly exploited.

Figure 44. Seamount closed areas introduced by SEAFO in 2010
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All fishing activities for fisheries resources covered by the SEAFO Convention are
prohibited in these areas.
5.4.6.2.

Regulation of bottom fishing

In order to address the 2006 UN General Assembly Resolution (UNGA) on
Sustainable Fisheries (A/RES/61/105), SEAFO has implemented an interim measure
applying to all existing and new bottom fishing areas outside SEAFO closed areas.
CPs with vessels involved in bottom fishing activities (defined where the fishing gear
is likely to have contacted the seafloor during the normal course of fishing
operations) are required to map existing (defined as fishing in at least two years in
the period of 1987-2007) bottom fishing areas within the SEAFO CA. Mapping of
bottom trawling activity is to be given priority. SEAFO is currently developing a
comprehensive overall map of existing bottom fishing areas (so-called ‘fishing
footprint’ (Figure 45). All other areas (except existing closed areas) will be regarded
as new bottom fishing areas and fisheries conducted these areas are treated as
exploratory fisheries.

Figure 45. – Provisional fishing footprint developed using available data fitting the SEAFO Commission
criteria and a cell size of 1° x 1°.
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Before exploratory bottom fishing can take place, a detailed proposal must be
submitted by the CP to the SEAFO SC for scrutiny. The proposal must include the
following:•

a harvesting plan which outlines target species, dates and areas, area and effort
restrictions to ensure fisheries occur on a gradual basis in a limited geographical
area;

•

a mitigation plan including measures to prevent significant adverse impacts
(SAIs) to VMEs that may be encountered during the fishery;

•

a catch monitoring plan that includes recording/reporting of all species caught
(sufficiently detailed to conduct an assessment of activity, if required);

•

a data collection plan to facilitate the identification of VME species in the area
fished.

The SEAFO SC then provides a recommendation to the SEAFO Commission who
will allow, prohibit or restricting bottom fishing activities, require specific mitigation
measures for bottom fishing activities, allow, prohibit or restrict bottom fishing with
certain gear-types or request changes in gear design and/or deployment, and/or any
other relevant requirements or restrictions to prevent SAIs to VMEs (SEAFO, 2008b).
5.4.6.3.

VME Encounter protocols

For both existing and new fishing areas, an encounter is defined in the interim as a
catch per set (e.g. trawl tow, longline set, or gillnet set) of more than 80 kg of live
coral and/or 800 kg of live sponge. These thresholds are provisional and may be
adjusted as experience is gained (SEAFO, 20009). In existing bottom fishing areas,
vessels must quantify catches of live coral and sponge. If the quantity of VME
elements or indicator species caught in a fishing operation is beyond the thresholds
defined above the vessel master reports the incident to the CP, which without delay
forwards the information to the SEAFO Secretariat. SEAFO then archives the
information and reports it to all CPs who immediately alert all fishing vessels flying
their flag. The vessel master must cease fishing, haul the gear, and move away at
least 2 nm from the endpoint of the tow/set in the direction least likely to result in
further encounters. Any further tows or sets must be parallel to the tow/set when the
encounter was made. The SEAFO Secretariat then compiles an annual report on
encounters and submits this to the SEAFO SC to evaluate and give advice on the
need for action, using as a basis the FAO guidelines for management of deep-sea
fisheries on the high seas.
The above protocol also applies to fishing activities in new bottom fishing areas, with
one important addition. On receiving information from a CP of an encounter with a
VME SEAFO requests all CPs implement an interim closure of two miles radius
around the reporting position. The SEAFO SC examines the interim closure and
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advises the Commission as to whether the area should be treated as a VME and
remain closed (SEAFO, 2008b).

5.5. Deep-water fisheries in the Mediterranaean (GFCM)
5.5.1.

The Mediterranean deep-water environment

Danovaro et al. (2010) described that the Mediterranean Sea is divided into western
and central-eastern basins, which are separated by the Strait of Sicily. The western
basin (mean depth, about 1,600 m) consists of two deep basins: the Algero Provencal
basin and the Tyrrhenian Sea. The central-eastern Mediterranean consists of three
main deep basins: the Ionian, Aegean, and Levantine (Sardà et al., 2004). The deepest
point in the Mediterranean, 5,121 m is found at the North Matapan-Vavilov Trench,
Ionian Sea (Vanney & Gennesseaux, 1985). The deep-sea floor includes regions
characterized by complex sedimentological and structural features: (a) continental
slopes, (b) submarine canyons, (c) base-of-slope deposits, and (d) bathyal or basin
plains with abundant deposits of hemi-pelagic and turbidity muds.
Water circulation is highly complex. The surface waters come from the Atlantic and
turn into intermediate waters in the Eastern Mediterranean. Low-salinity Atlantic
waters enter the Mediterranean, while denser deep-Mediterranean waters flow
beneath the Atlantic waters in the opposite direction into the Atlantic Ocean.
Mesoscale variability is extremely evident in the Mediterranean and is responsible
for the creation of small gyres (eddies) that have implications for the primary
productivity and the flux of organic matter settling to the seafloor. Deep and bottom
currents are largely unexplored (Stanley & Wezel, 1985).
The main hydrological features of the deep Mediterranean Sea are (a) high
homeothermy from roughly 300–500 m to the bottom, and bottom temperatures of
about 12.8oC to 13.5oC in the western basin and 13.5oC to 15.5oC in the eastern basin
(i.e., there are no thermal boundaries, whereas in the Atlantic Ocean the temperature
decreases with depth - Emig & Geistdoerfer, 2004), (b) high salinity, from about 38 to
39.5 psu by the stratification of the water column, (c) limited freshwater inputs,
compensated by the Atlantic inflow of surface water, (d) a micro-tidal regime, (e)
high oxygen concentrations, and (f) oligotrophic conditions, with strong energetic
gradients and low nutrient concentrations in the eastern basin (Danovaro et al.,
1999). The eastern basin is considered to be one of the most oligotrophic areas of the
world. Inputs of organic carbon are 15–80 times lower than in the western basin and
there are extremely low concentrations of chlorophyll-a in surface offshore waters. In
addition, there are low concentrations of the potentially limiting organic nutrients
(e.g., proteins and lipids) that sharply decline with increasing distance from the coast
and depth within the sediment. The average depth of the Mediterranean basin is
about 1,450 m, much shallower than the average depth of the world oceans (about
3,850 m). This has several implications for the deep-water turnover (roughly 50
years) and the vulnerability to climate change and deep-water warming. The
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Mediterranean Sea has been considered a ‘‘miniature ocean’’ that can be used as a
model to anticipate the response of the global oceans to various kinds of pressures.
The Mediterranean basin contains, over relatively limited spatial scales, a number of
habitats that can represent potential ‘‘hot spots’’ of biodiversity (Figure 46). A
tentative, possibly not exhaustive list of these systems includes (a) open slope
systems, (b) submarine canyons, (c) deep basins, (d) seamounts, (e) deep-water coral
systems, (f) cold seeps and carbonate mounds, (g) hydrothermal vents, and (h)
permanent anoxic systems.

Figure 46..Deep-water areas of interest in the Mediterranean sea (Danovaro et al., 2010)

Canyons are important habitats for fished species, such as hake and for the rose
shrimp Aristeus antennatus. Faunal abundance and biomass are usually higher inside
the canyons than at similar depths in the surrounding habitat. Certain canyons are
characterized as areas of high diversity and production, and as such they may play
an important role in processes related to the transfer of matter and energy in the
Mediterranean Sea. Numerous canyons have been identified in the deep domains of
the Mediterranean (Gili et al., 1999).
The abyssal basins of the Mediterranean are extremely unusual deep-sea systems.
With water temperatures at 4,000 m in excess of 14oC (rather than 4oC or colder for
the deep oceanic basins) the entire benthic environment is as hot as the water around
a hydrothermal vent system, but lacks the vents’ rich chemical energy supply
(Danovaro et al., 2010).
Seamounts are islands separated by great depths. Consequently, they may serve as
isolated refuges for relict populations of species that have disappeared from other
areas. In the Western Mediterranean, the Tyrrhenian bathyal plain is characterized
by the presence of numerous seamounts, while the Eastern Mediterranean basin due
to its higher topographic heterogeneity hosts an even much larger number.
Unfortunately, a complete and detailed map of all Mediterranean seamounts is not
available yet and their biodiversity remains largely unexplored (Pusceddu et al.,
2009).
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Deep-water coral reefs are local seafloor mounds consisting of accumulations of coral
debris, fine- and coarse-grained sediments, and live coral colonies that provide
additional hard substrates extending into mid-water. At present, a total of 14 coral
bank areas have been censused, but only a few of them have been examined by ROV
dives (Danovaro et al., 2010). The deep-water coral habitats can act as spawning
areas for some species and nursery areas for others, as suggested by the higher
catches of demersal species (such as the shrimp Aristeus antennatus and
Aristaeomorpha foliacea), as well as sharks, hakes, rockfish, greater fork beard,
gurnards, and black-spot seabream by long-line in these areas.
5.5.2.
5.5.2.1.

The Mediterranean Deep-water fisheries
Description, history and development

The Mediterranean Sea is a semi-enclosed sea characterized by a continental shelf,
where most commercial fishing activity is conducted, most frequently reduced to a
narrow coastal fringe and covering less than 30% of the total area. The
Mediterranean bathyal grounds extend for about 60% of the whole basin, whereas
the abyssal plane covers about 13% of the bottoms (Sardà et al., 2004; Cartes et al.,
2004a).
Some of the most long-standing conclusions on the existence of life in deep marine
domains have been derived based on observations in the Mediterranean (Aegean
Sea); with respect to bathymetrical distribution, Forbes (1843) stated his azoic
hypothesis, claiming that the realms beyond 600 m are entirely devoid of life.
However, these beliefs have been modified to a considerable extent by the more
recent explorations of the deep seas (Corliss et al., 1979) and in fact, currently various
Mediterranean deep water regions sustain commercial fisheries (Merrett and
Haedrich, 1997; WWF/IUCN, 2004).
In spite of the long history of biological resources harvesting in the Mediterranean
coastal areas, the exploitation of deep-sea organisms, especially of demersal ones,
started only in the first few decades of the last century due to the development of the
technology for searching and fishing in deep waters (Sardà et al., 2004 and references
therein) and the growing number of collapsed fish stocks on the continental shelves
(Cartes et al., 2004a). As mentioned in Sardà et al. (2004), according to Relini and
Relini-Orsi (1987), the red shrimps Aristaeomorpha foliacea and Aristeus antennatus
began to constitute the target of deep-water bottom trawl fishing in the 1930’s in the
Ligurian Sea, where the first trawlers that sought the epibathyal depths managed to
catch between 100 and 200 kg/day, and in some periods, after the second world war,
the captures went up to 1000 kg/day per boat. Sardà et al. (2004, according to Arte,
1952; Bas et al., 1966; Massuti and Daroca, 1978) stated that it was not until the
middle 1940’s when the importance of the exploitation of this resource was
evidenced in the Catalan and Balearic seas, and it was pointed out as one of the latest
fisheries developed in the Mediterranean.
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Currently, as mentioned by Cartes et al., (2004a), the Mediterranean trawl fisheries
below 200 m depth target mainly decapod resources and hake; in the upper slope
(down to 500 m), the decapods Norway lobster (Nephrops norvegicus) and rose shrimp
(Parapenaeus longirostris) represent important fisheries in certain areas; deeper
fisheries (down to 800 m) target almost exclusively aristeid shrimps. Other deep
fisheries also exist in the Mediterranean, but on a smaller scale (Cartes et al., 2004a);
longliners targeting hake, red black-spot seabream, wreckfish and the deep-sea sixgilled shark (Hexanchus griseus), and gillneters targeting hake and red blackspotted
seabream; some of these fisheries are locally collapsed (Mytilineou and Machias,
2007).
Sardà et al. (2004) pointed out that although fisheries down to a depth of 700 m have
been usual since the middle of the last century in the Mediterranean Sea, the deepsea bottoms down to 1000 m can be considered to be pristine. At these depths there
are no specialized fisheries as in other parts of the world. However, some trawl
bottom fishery currently goes down to almost 1000 m. This deep trawl bottom
fishery is carried out due to two fundamental factors: (i) the narrowness of the shelf,
crossed by numerous submarine canyons that brings the deep depths within a few
miles of the coast; (ii) the human density of Mediterranean regions and the high
demand for marine products, which are traditional in the Mediterranean diet. These
factors generate high competition between fishermen. The trawl boats that work on
deep-sea grounds have powers of between 300 and1800 HP. Boats of wood or iron
have now been replaced by boats of glass-fibre and of a catamaran type with high
technologies. Moreover, mixed enterprises to exploit the deep-sea ground off the
North African coast are now common, especially in Spain (Sardà et al., 2004). This
situation makes us more cautious concerning the deep-water resources and the
management of their fisheries.
The potential interest of the currently unexploited bottoms below 1000 m depth is
very limited. This is so because the overall abundance of crustacean species is
considerably lower and many species are of non-economic interest or of a small size.
If these species ever become of economic interest, the ecosystem effects of fishing
could be very important. Given the importance of depths below 1000 m for the
juveniles of red shrimp and for the reproduction of many fish species, the
exploitation of these bottoms would probably entail negative impacts on shallower
ecosystems, beyond the rapid depletion of particularly vulnerable deep-sea
megafauna communities (Cartes et al., 2004a).
5.5.2.2.

Western Mediterranean fisheries

In the review of Sardà et al. (2004) for deep Mediterranean waters, it is stated that the
deep-sea rose shrimp, Aristeus antennatus (Risso, 1816) (Crustacea, Decapoda,
Dendrobranchiata, Aristeidae) is the most important fishery in the western
Mediterranean Sea (Sardà and Martin, 1986; Demestre and Lleonart, 1993; Bianchini
and Ragonese, 1994 Carbonell et al., 1999). This species is a characteristic component
of the demersal muddy bottom community on the middle slope at depths between
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400 and 800 m (Cartes and Sardà, 1993). However, the distribution of this species is
nonetheless considerably broader, reaching depths of at least 3300 m (Sardà et al.,
2004b), indicating that the species is eurybathic with a distribution that is
considerably broader than that of other decapod crustacean species. The spatiotemporal behavioral pattern of A. antennatus is well-known, with the species forming
seasonal aggregations on the middle slope at depths between 400 and 900 m in late
winter and early summer (Tobar and Sardà, 1987; Demestre and Martin, 1993; Sardà
et al., 1994). Towards the end of summer the shrimp shoals tend to break up and
move inside submarine canyons (Sardà et al., 1994). Studies carried out on the
catchability of shoals of this species (Sardà and Maynou, 1998) have suggested that
the shrimp stock bears the brunt of the fishing effort between early spring and
summer (Tudela et al., 2003; Sardà et al., 2003a), because shoal formation is at its
peak on the part of the slope most readily accessible to trawlers, and females attain
maximum size, that is, the biomass concentration is also at its peak. In addition, the
marketability of this species is also highest at this time (Sardà et al., 2003b). Despite
fluctuations in landings over season, inter-annual fluctuations of around 8 years have
been detected (Tobar and Sardà 1987; Carbonell and Acevedo, 2003).
Considering the multi-species nature of the Mediterranean fisheries, deep-water
shrimps are caught together with many other species considered by-catch, some of
which, such as Norway lobster, hake, angerfish (Lophius spp.) or conger eel (Conger
conger) have a high commercial value, while others, such as the greater forkbeard
(Phycis blennoides), rockfish (Helicolenus dactylopterus) and the golden shrimp
(Plesionika spp.), are less valuable and many others are completely discarded. In the
deeper range the main catch families are composed of Moridae (mainly Mora moro)
and Alepocephalidae (mainly Alepocephallus rostratus) of large size or Macruridae
(Coelorhynchus coelorhynchus, Trachyrhynchus scabrus, Hymenocephalus italicus,
Chalinura mediterranea, Nezumia aequalis) of medium size. High biomasses of these
species are detected between 900 and 1300 m (Stefanescu et al., 1992; Morales-Nin et
al., 2003; Cartes et al., 2004b; Moranta, et al., 2004), but no fishery is carried out at
these depths.
In the framework of the EC, DGXIV/97/0018 project (Sarda, 2000), an analysis of the
western Mediterranean deep-sea shrimp fishery in the 29 ports sampled, included
the North Africa, the south Portugal and Italian deep-water fishery, showed the
following results. The effective fleet comprised 548 vessels with 36 478 MT total GRT
and 133 000 kW engine power. The average size of these vessels was large in
comparison with the average characteristics of the Mediterranean fleet overall. The
average vessel in the effective rose shrimp fishery fleet had an engine power of 243
kW and a GRT of 66 tons and is 21 m long. The average engine power of a North
African shrimper is 231 kW as opposed to the average of 245 kW of a vessel from the
European Mediterranean; the average GRT of a North African vessel (62 tons) is 5
tons less than the average of a European vessel (67 tons). Catch per unit effort data
on A. antennatus are most abundant for the Western Mediterranean, off mainland
Spain and North Africa. High catches of this species in these areas coincide with low
catches of A. foliacea.
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In the Ligurian Sea, Eastern Italy, and the islands of Sardinia and Sicily, catch per
unit effort (CPUE) data on A. antennatus are not as readily available, while CPUE
data on A. foliacea become increasingly available. Taking these two species together,
mean yields are around 4.2 kg/h, with peak values of 9 kg/h, which translates into
approximate mean daily yields of about 50 kg/day. On the whole, the data indicate
that there is a tendency to catch the species A. antennatus alone in the westernmost
part of the Mediterranean, whereas the two species are mixed in the easternmost
portion of the study area (Figure 47). Revenues per unit of effort (RPUE) highest
value was recorded in the port of Almeria (Spain) with round 2.02 thousand € of
value of landings per day. Also with respect to this efficiency parameter a high
variability related to the average size of the vessels is observed.

Figure 47. Mean CPUE (kg/h) of two Aristeid shrimps in various western and central Mediterranean
regions (Sarda, 2000) (AGV=Algarve, NALB=N. Alboran, SLEV=S. Levante, CAT=Catalonia, BAL=Balearic,
LIG=Ligurian, NTYR=N. Tyrrhenian, CTYR=C. Tyrrhenian, STYR=S. Tyrrhenian, NSIC=N. Sicily,
SAR=Sardinia, G.TAR=G. Taranto, S.SIC=S. Sicily, TUN=Tunisia, ALG=Algeria, MOR=Morocco)

Spanish Mediterranean deep fisheries can practically be considered as single-species
fishery and trawl could be considered as the only fishing gear. The main deep-water
resource is red shrimp (A. antennatus), fished from about 400 m and deeper in the
open slope. Carbonell et al. (2003) comments that the red shrimp has being exploited
for more than 50 years in the Spanish Mediterranean. Out of a total of hundred
harbours, about 40% have developed a deep-water red shrimp fishery. The red
shrimp contributes 900-1500 tons per year to the Spanish deep-water trawl fishery.
The quantities of discards of all species in the fishery represent around 30% of the
total catch. Nevertheless, discards of red shrimp are practically zero. The fishery,
therefore exploits only adult shrimps, which represent nearly 75% of the total catch
biomass. Sampling has shown that females contribute about 70% of the red shrimp
catch by weight. Sardà (2000) reported that CPUE of A. antennatus in the Catalan
waters was near 7 kg/h; lower values were found in the Balearic and Alboran waters.
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Red shrimp resources have shown some resilience to overexploitation, although the
fleet fishing capacity has increased steadily. The fact that A. antennatus appears to be
underexploited or near the optimum levels on the Spanish coast, in contrast with
majority of demersal resources is due to at least two characteristics of this species: a)
the whole stock is not available for fishing since only a certain proportion of the stock
is not available for fishing since only a certain proportion of the stock is accessible to
commercial fishing, and the species has an extremely wide distribution in bathyal
waters, b) the turnover rate is high in contrast to the low turnover rate of most
demersal resources, that makes them “easy victims” to overfishing (Sardà et al., 2004
and references therein). Other species caught in the deep-water trawl fishery are N.
norvegicus, large M. merluccius, P. blennoides and H. dactylopterus; but these species are
secondary in terms of catches and revenues. The landings of the Mediterranean
Spanish deep-water species, included in FAO fisheries statistics, are presented in
Table 14, at the end of this section.
In French Mediterranean waters, fisheries targeting deep-water species are minor.
There is some fishing on the upper-slope (200-600 m), which main target hake and a
few other species (monkfish: Lophius spp., C. conger). Usually, the landings of deepwater species are quite small and comprise red black-spot seabream, deep-water rose
shrimp, spurdogs (Squalus acanthias), conger eel, greater forkbeard, wreckfish, and H.
dactylopterus. These fisheries are mainly longline fisheries targeting large adult fish.
The Nephrops deep-water fishery in Corsica accounts for the 60% of revenues in the
local fishing community (GFCM, 2010). The official landings of the Mediterranean
French deep-water species included in FAO fisheries statistics are shown in Table 14.
The Gulf of Lions has been exploited by the Spanish bottom longline fleet since
1980s. This fishery operates mainly on the slope along the canyons iat adepth of
between 160 and 600 m. Maximum depth and fishing grounds are progressively
expanding at deeper waters and eastwards, respectively. The impact of foreign
Spanish vessels operating on the slope targeting shrimps and possibly some other
fish is difficult to be estimate (SGFEN/STECF, 2001).
Information on deep-water fisheries by non-EU Member States is sparse. However,
some info can be derived from official statistics.
In Moroccan waters, bottom longlining for red black-spot seabream is practiced
(FAO/COPEMED, 2010). A Nephrops fisheries are documented as is a shrimp fishery
located in the northern part of the country is targeting P. longirostris (Sardà, 2000).
The official landings of the Moroccan deep-water species included in FAO fisheries
statistics are shown in Table 14.
In Algerian waters, deep-water fishing is practiced, however the extent is not
documented in detail. Frequently landed deep-water species include A. anntennatus,
N. norvegicus and H. dactylopterus (GFCM, 2010). Most shrimpers are located in the
central part of the country, and A. antennatus is the dominant species in their catches
with CPUE values higher than 10 Kg/h (Sardà, 2000 – Figure 46).
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In Tunisian waters, an important deep-water red shrimp fishery is carried out off the
northern part of the country (Cap Bon), fishing A. foliacea; A high CPUE value
(~20Kg/h) characterizes this fishery (information available from the EC,
DGXIV/97/0018 project (Sardà, 2000 - Figure 46).
5.5.2.3.

Central Mediterranean fisheries

Deep-water species in the central Mediterranean are mostly exploited by the Italian
fleet, which is composed of typical Mediterranean-style boats and is almost
exclusively artisanal in structure, except for some areas (e.g. the Sicilian Channel)
where larger trawlers operate on a more industrial scale. Most of the vessels are
recorded as multiple-gear vessels and are generally of small gross tonnage and
smaller than 12 m in length (COM, 2002). Most of the trawlers are located in the
Sicily Channel and in the South Adriatic Sea. However, in this latter basin, deepwater fishing is less important than in coastal areas. The deep-water fishery is mainly
carried out by trawlers.A deep water fishery is developed to a lesser extent in
Maltese waters, whereas in the Greek Ionian Sea a deep-water trawl fishery is not
commonly exercised and gillnetting and longlining is practiced to a greater extent
(Mytilineou and Machias, 2007).
A deep-water trawl red shrimp fishery forms the main part of the deep fishery in the
Central Mediterranean, and started in the 1930’s in the Ligurian Sea. Red shrimp
fisheries are often distinct even if a degree of overlapping exists: the main A. foliacea
fisheries are located in the Strait of Sicily and in Southern Sardinia, whereas A.
antennatus is mostly caught in the Ionian Sea and Ligurian Sea; Tyrrhenian Sea, in a
more central position, shows an intermediate condition with catches of both species,
indicating a west-east as well as a north-south gradient (Bianchini and Ragonese,
1994; Sardà, 2000; Cau et al., 2002). The deep-water shrimps (A. foliacea and A.
antennatus) show a similar depth distribution pattern in the Italian and Greek waters
of the Ionian Sea. However, their relative abundance changes; A. foliacea presents
higher densities off Greek waters, while A. antennatus shows a higher density in
Italian waters (D’Onghia et al., 2003; 2005), indicating a north-south gradient.
In the Italian waters, a deep-water fishery is mainly exercised by trawlers, and
targets red shrimps. Although the Spanish deep-water fishery could be considered
more mono-specific, the Italian deep-water fishery is of a multi-species nature. Italian
bottom trawlers can change fishing activity throughout the year (in many cases
during the same day) both on red shrimps and on shallower species, such as deepwater rose shrimp (P. longirostris), Norway lobster and hake, according to the
varying availability of these resources. The main fisheries targeting red shrimps
occur from coastal waters to 700-750 m. For this reason, it is difficult to quantify the
effective fishing effort targeting specific deep-water species. From official national
statistics (ISTAT), during the past decade the total Italian landings of "red shrimps"
show an oscillating trend between 3000 and 6000 t. However, apart from the low
reliability of these data, several species are grouped within the same commercial
category of "red shrimps" (A. antennatus, A.foliacea, P. martia, other Pandalids, etc.).
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The official landings of the Italian deep-water species included in FAO fisheries
statistics are shown in Table 14.
The red shrimps A. foliacea and A. antennatus began to constitute the target of deepwater bottom trawl fishing in the 1930’s in the Ligurian Sea. The exploitation of both
species progressively decreased until the collapse of the stocks in the late 1970’s
(Relini and Relini-Orsi, 1987). Overfishing together with environmental degradation,
hydrology, failure of recruitment and parasitic attack of stressed stock were
considered as the possible causes of the stock collapse (Relini and Orsi Relini, 1987).
While a recovery of A. antennatus stock was shown in 1985, which led to a restart of
fishing activity (Orsi Relini and Relini, 1988), the presence of A. foliacea in the area is
currently extremely scarce and insignificant in commercial terms (Fiorentino et al.,
1998). Sardà (2000) mentioned a lower than 3 Kg/h CPUE for A. antennatus in the area
(Figure 46).
In Tyrrhenian waters, both aristeid species are fished. In the red shrimp fishery,
CPUE values were near 5 kg/h (Sardà, 2000 – Figure 46). According to Sartor et al.
(2001), the CPUE values for the total commercial catch in the red shrimp fishery were
around 20 kg/h; discards consisted 20% of the total catch.
In Sardinian waters, both aristeid species are targeted. The CPUE value for the
pooled aristeid catch was close to 7 kg/h (Sardà, 2000 – Figure 46).
In the Sicilian waters, A. foliacea is the main target deep-water species. Ragonese et al.
(2001) observed that in the red shrimp fishery this species represents the 48% of the
total catch with CPUE values oscillating between 5-15 kg/h depending on the depth
and the season.
In the Italian Ionian waters, the main target deep-water species is A. antennatus.
CPUE values oscillate around 5 kg/h (Tursi et al., 1994; Sardà, 2000 – Figure 46)
reaching up to 8 Kg/h (D’ Onghia et al., 1998). In an EU study project conducted in
the Gallipoli fishery, it was shown that fishing on red shrimps was carried out by
around 50% of the trawlers. On average, the contribution of red shrimps made up
around 60% in weight and 65% in economic value of the total catch in the region
(Carlucci et al., 2006). In the Italian Ionian Sea there are also some local small-scale
fisheries using longline and targeting hake and other deep-sea species such as
rockfish, greater forkbeard and six gilled shark.
In Adriatic waters, a part of the Nephrops fishery could be considered a deep-water
fishery. Nephrops ranks first of all crustacean species exploited in the area in terms
of value, and second in terms of weight, with a decreasing trend in catches since
1993. It is found on muddy grounds between 50 m and 400 m (Morello, 2009).
Longliners are also distributed in the southern Adriatic fishing hake as a target
species between 200 and 400 m (De Zio et al., 1998).
In Maltese waters, a deep-water bottom trawl red shrimp fishery (A. foliacea) is
carried out (GFCM, 2010). Landings of wreckfish indicate that a bottom longline
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target fishery is also taking place. The official landings of the Maltese deep-water
species included in FAO fisheries statistics are shown in Table 14.
In the Croatian waters, deep-water fishing is occurring for Norway lobsters mainly
by bottom trawlers (Table 14).
In the Slovenian waters, no deep-sea fishing is occurring (GFCM, 2010).
Montenegro is adjacent to the south Adriatic basin with a maximum depth of 1228 m.
A Nephrops fishery exists in these waters (Table 14).
In Albanian waters, official documents cite no exploitation deeper than 300 m (Vaso,
1994). However, landings of A. antennatus, N. norvegicus, and P. americanus in the area
suggest that some deep-water fishing is conducted (Table 14).
In the Greek Ionian Sea, artisanal deep-water fisheries using longlines and gillnets
target hake, red black-spot seabream and wreckfish. Bottom trawling is generally
exercised down to 400 m and rarely practiced in deep waters, however in recent
years Italian trawlers have exploited the Greek Ionian deep-water shrimp stocks
(Papaconstantinou and Stergiou, 1995; Stergiou et al., 1997; Mytilineou et al., 2007
and references therein).
In 1996, an EU research project (Anon., 1999) carried out in the central Greek Ionian
revealed that significant quantities of commercial fish and crustaceans exist in waters
deeper than 300 m. The most important crustacean species was A. foliacea (Petrakis
and Papaconstantinou, 1997). More recent research (Politou et al., 2003;
Papaconstantinou and Kapiris, 2003; Mytilineou et al., 2003; 2006) revealed that the
proportion of the two red shrimp species in the total catch during experimental
sampling was 6% at depths of 300-500 m, 30% at depths of 500-700 m and near 25% at
depths 700-900 m. A common conclusion was that A. foliacea is more abundant than
A. antennatus. The southern part of the Greek Ionian Sea showed higher CPUE values
in terms of commercial catch as well as aristeid catch (Mytilineou et al., 2006) than
the northern one (Politou et al., 2003). The aristeid stocks in the Greek Ionian Sea
were considered pristine, since deep-water trawling is not developed in the area.
This was the reason that CPUE of the commercial and aristeid catch reached high
values near 50 kg/h and 14 kg/h, respectively (Mytilineou et al., 2006); lower values
(<25kg/h & <10 kg/h, respectively) have been observed in the western and central
Mediterranean (Tursi et al., 1992, 1994; D’ Onghia et al., 1998; Sardà et al., 2000;
Moranta et al., 2000; Ragonese et al., 2001; Sartor et al., 2001).
The discovery of new fishing resources in the deep waters of the Greek Ionian Sea
suggest that fishing effort exerted in deeper waters may increase in the near future
and the landings will most likely increase (Papaconstantinou and Kapiris, 2003).
However, Mytilineou et al. (2006) pointed out that the vulnerability of the deep
environment and particularly of some species, should make us cautious about their
exploitation.
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The trawl fishery in the Greek Ionian deep waters is limited because: (1) of the
inexperience of the fishers with working at these depths, (2) the fishers do not know
that there are important commercial stocks at these depths, and (3) the price of the
deep-water resources in the market has been until recently very low. Thus deepwater trawl fishing is mainly occasional, and often more frequent in the last months
(April & May) of the trawl permitted operating period (Mytilineou & Machias, 2007).
Greek trawlers operating in deep-waters are also operating in shallow waters, thus
catches and effort from deep-waters is difficult to estimate.
Some Italian bottom trawlers are working in the international waters close to the
Greek coasts of the Ionian Sea (Mytilineou et al., 2007). The impact of foreign Italian
vessels operating on the slope targeting shrimps and possibly some other fish is
difficult to estimate, although it should be reported in the framework of DCR. Trawl
target species at depths of 400 to 800 m are mainly A. antennatus, A. foliacea and to a
lesser extend M. merluccius, N. norvegicus, Lophius spp, Lepidorhombus boscii, L.
wiffiagonis, T. lyra, H. dactylopterus, Squalus acanthias, S. blainvillei and Scorpaena spp
(Mytilineou et al., 2003; Mytilineou and Machias, 2007).
The deep-water artisanal fishery in the Greek Ionian Sea comprises the following
fisheries.
(i) The hake deep-fishery: longline fishery targeting hake occurs mainly on muddy
bottoms from 400 down to 700 m. Other commercial by catch species are P.
americanus, S. blainvillei, H. dactylopterus and Raja sp. Gill nets are also used for hake
fishery in deep waters. Fishing is carried out on muddy bottoms at depth down to
600 m (SGFEN/STECF, 2001; Mytilineou et al., 2007).
(ii) The red blackspot seabream deep-fishery: this fishery started in the early 80s’ with
bottom longlines in rocky banks at depths 200-600 m. In mid 1990s, static bottom gill
nets replaced longlines, and these are mainly now used (Petrakis et al., 2001;
Mytilineou and Machias, 2007). The catches of red seabream were extremely high at
the beginning, but very soon they declined drastically. The main reasons of the
decline seem to be overfishing, the introduction of gill nets, recreational fishing and
ghost fishing (PETRAKIS et al., 2001). In the gillnet fishery, P. bogaraveo consisted a
75% in number and a 50% in weight (Petrakis et al., 2001). In 2001, Petrakis et al.
pointed out that this fishery collapsed (SGMED/STECF 2004). The red black-spot
seabream landings data from the national statistics showed a slightly declining trend
until 2004 (Mytilineou and Machias 2007), however, the abundance index of the
species in the area has increased the last five years (Damalas et al., 2010). Based on
estimations from the fisheries data national collection program, in the Greek Ionian
Sea, approximately 280 boats are involved occasionally in the target fishery landing
between 150-200 tons annually (Damalas et al., 2010).
(iii) The wreckfish deep-fishery: this deep-water fishery is exercised mainly with long
lines similar to hake deep-fishery lines. The species is localized at specific fishing
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sites, characterized by seamounts, steep continental slopes and hard bottoms. The
fishing depth ranges between 300-1000 m; mainly between 500-850 m (Mytilineou
and Machias, 2007). Wreckfish may also be found over flat hard bottoms, but fishers
seem to prefer fishing on areas of steep slope, because these are easy to locate and
catches are higher (Machias et al., 2001). A slightly declining trend was found for the
period 1994-2004 (Mytilineou and Machias, 2007). A recent review on these this
fishery has classified it as collapsed (SGMED/STECF 2004). The official landings of all
the Greek seas deep-water species included in FAO fisheries statistics are shown in
Table 14.
No deep-sea fishing is occurring in Libyan waters.
5.5.2.4. Eastern Mediterranean fisheries
Deep-water fisheries are not very developed in the eastern Mediterranean. Artisanal
deep-water fisheries using longlines and gillnets and bottom deep-water trawling are
practiced, but to a lesser extent compared to the western and central Mediterranean.
In Greek waters (Aegean and Cretan Seas), artisanal deep-water fisheries using
longlines and nets target hake, P. bogaraveo, P. americanus and H. griseus. Bottom
trawling is occasionally practiced, mainly in the southern Aegean Sea (Dodecanese
Isles); however, Italian trawlers have recently exploited the Cretan deep-water
shrimp stocks.
The deep-water artisanal fishery, as in the Ionian, consists of fisheries for hake, red
black-spot seabream, wreckfish and the deep shark Hexanchus griseus. A review of
these fisheries is reported in Mytilineou and Machias (2007). In the Aegean Sea, the
red black-spot seabream landings are supposed to be double than those in the Ionian.
Wreckfish longline fishery was once practiced throughout Aegean waters, however it
is now limited to certain areas (e.g.: off the Cretan coast, south Aegean islands
(Anon., 2001a, b; Machias et al., 2003). The Hexanchus griseus deep-fishery is carried
out with longlines in the central and southern Aegean Sea at depths of 600 to 1500 m.
The species has a low commercial value, but the catch is quite high and the fishery is
profitable. Bycatch species are mainly C. conger and Squalus spp. (Stergiou et al., 1996,
1997; Anon. 1999; Mytilineou and Machias, 2007) (Table 14).
In Cypriot waters, deep-water fishing is not well developed. However, landings of P.
bogaraveo suggest that an artisanal deep-water fishery is taking place, probably on a
small scale (Table 14).
In Israeli waters, some deep fishing may be practiced in waters deeper than 300 m by
trawlers, with P. longirostris and A. foliacea of commercial interest (Thessalou-Legaki,
1994). No official landings exist in the FAO fisheries statistics.
In Lebanese waters, limited longlining is occurring in depths greater than 50 m
(GFCM, 2010). No official landings exist in the FAO fisheries statistics.
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In Turkish waters, although GFCM (2010) reports no deep-sea fishing practices, some
deep-water species appear in the FAO fisheries statistics (Table 14). Furthermore,
recently published works confirm the existence of deep water fishing mainly in
international waters for M. merluccius, N. norvegicus, P. longirostris, P. blennoides, H.
dactylopterus, Lepidorhombus boscii and A. foliacea. (Tokac et al., 2009, 2010)
In Egyptian, Syrian, Bulgarian, Romanian, Ukrainian and Russian waters, no deepsea fishing has been reported.
Table 14. FAO deep-water species captures for Mediterranean countries
http://www.fao.org/fishery/statistics/global-capture-production/en

Country
Albania

Algeria
Croatia
Cyprus
Egypt
France

Greece
Israel
Italy
Lebanon
Libya
Malta
Montenegro
Morocco
Slovenia

Spain

Syria
Tunisia
Turkey
Bulgaria
Romania
Russia
Ukraine
All Med

Species
A. antennatus
N. norvegicus
P. americanus
A. antennatus
G. melastomus
N. norvegicus
N. norvegicus
P. bogaraveo
N. norvegicus
P. americanus
P. blennoides
P. bogaraveo
N. norvegicus
P. americanus
Aristeid shrimps
N. norvegicus
C. granulosus
P. americanus
P. blennoides
N. norvegicus
N. norvegicus
P. blennoides
A. antennatus
C. granulosus
G. melastomus
H. dactylopterus
N. norvegicus
P. americanus
P. blennoides
A. antennatus
N. norvegicus
N. norvegicus
P. blennoides
Total

2000
0
0
0
1,116
0
92
250
0
0
22
4
38
266
0
4,463
2,485
2
8
5
0
3
65
772
0
0
0
407
5
0
16
4
0
50
10,073

2001
0
10
0
740
0
45
274
0
0
0
3
38
242
0
1,833
2,287
3
8
0
0
1
26
1,418
0
0
0
630
4
6
51
4
0
35
7,658

2002
34
5
10
893
0
56
140
0
0
0
5
51
215
0
1,768
2,051
2
16
0
0
1
40
1,033
1
58
0
636
37
314
51
4
0
8
7,429

2003
22
2
1
1,027
0
119
128
0
0
0
3
51
304
0
2,409
2,550
0
11
0
0
1
63
990
1
49
0
539
5
331
24
0
0
4
8,634

2004
15
2
1
1,310
0
69
158
0
1
0
7
44
390
171
1,546
2,355
0
11
0
0
21
59
1,025
2
90
175
511
6
318
43
0
0
8
8,338

2005
12
2
1
1,542
0
60
141
6
0
0
4
12
369
67
3,174
4,493
1
7
2
0
18
67
696
2
52
147
480
12
333
163
1
0
27
11,891

2006
18
4
4
1,423
0
25
223
7
0
0
4
7
464
66
3,623
4,564
0
4
3
7
1
182
1,004
1
55
154
502
6
398
9
1
0
17
12,776

2007
0
0
0
1,137
64
14
198
4
1
0
0
2
555
67
3,207
4,325
1
5
0
7
0
117
1,056
1
77
165
579
3
405
17
4
7
23
12,041
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5.5.3.

Monitoring methods

Since 2002, all Mediterranean EU MSs are mandated under the DCF-Data Collection
Framework (EC 1543/2000; EC 199/2008) to collect and report data on a list of species,
including certain deep-water species such as: A. foliacea, A. antennatus, N. norvegicus,
P. bogaraveo. These data are extracted either from vessel logbooks or collected by
placing on-board observers. After the introduction of the DCF scheme, it has been
clear that DCF estimates do not generally coincide with the existing figures from
official statistics provided so far by each country.
Besides commercial fishing, a series of experimental surveys are deployed to monitor
the status of marine resources. MEDITS (MEDIterranean Trawl Survey)12 is a multiannual bottom trawl survey initiated in 1994, involving all Mediterranean EUmembers. Sampling is done following a certain stratification scheme: 0-50m, 50100m, 100-200m, 200-500m, 500-800m (Bertrand et al., 2002). From 2000, MEDITS has
been included in the DCF.
Furthermore, a series of numerous short-term surveys, dedicated to the investigation
of marine life in the marine domains have been and continue to be carried out. Table
15 provides a summary of how monitoring is organized in various Mediterranean
countries. Most pf this information was obtained from the GFCM Report (2010)..
Table 15. Fisheries monitoring in various Mediterranean countries.
Country
Algeria
Bulgaria

Croatia
Cyprus
France

Greece

Israel

Egypt

12

Monitoring
Commercial fisheries
National statistical scheme covering landing sites
National Agency of Fisheries and Aquaculture
(NAFA)
National fisheries statistics system based on
logbook data; Harmonization of statistical data
gathering with the EU Fisheries Data
Collection Regulation (EC 1543/2000)
National Fisheries Data Collection Program
Regular sampling in landing ports; Sampling of
commercial fleet landings (measurement of
Biological parameters) within the framework of
the Data Collection Regulation of the EU
Fishery statistical data are collected by
Administration under various Ministries; Fisheries
data are also collected in the framework of the
Greek National Fisheries Data Collection
Programme since 2002 (with gaps for some years)
The Department of Fisheries, under the Ministry of
Agriculture, is directly responsible for fishery
research and development. The Fish Technology
Unit (Kinneret Fisheries Laboratory) carries out
stock monitoring, fishery surveys and gear
development
GAFRD collects fisheries data by two methods
(Whole survey and Sampling): This system is not

Recent experimental research
Project MESRS/USTHB: biology and
exploitation of demersal species
Dedicated Trawl surveys since 2005
DEMMON, MEDITS, AdriaMed, DEEP
SEA trawl surveys;
UWTV: Nephrops underwater camera
surveys
MEDITS trawl survey
MEDITS trawl survey
MEDITS trawl survey;
CORALFish: interactions among deep
sea corals and fisheries;
NECESSITY: Nephrops by-catch
reduction;
INTERREG, RESHIO, Red’S: trawl
surveys to investigate deep sea resources

???

Seasonal survey for demersal fishes
along the Mediterranean coast of Egypt

http://www.sibm.it/SITO%20MEDITS/principaleprogramme.htm
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Italy

Libya

Lebanon

Malta

Montenegro

Morocco

Slovenia

Spain

Tunisia

Turkey

computerized yet and depends on registering every
fishing unit in a special Logbook
The production of Italian fisheries statistics is
carried out by IREPA on behalf of the Ministry of
Agriculture and Forestry policies
is included in the ISTAT National Statistic
Programme; National Data
Collection Program (Regulation 1543/00, 1639/01
and 1581/04)
None (GFCM, 2010)
University of Balamand (IOEUOB) has been
Collecting commercial fisheries data in the
Mohafaza (district) of North Lebanon and
Akkar on a regular basis since August 2005; Data
is then entered into a software application
FLOUCA – Fish Landing Operational Utility for
Catch Assessment
National Data Collection Program;,
Catch figures are based on exhaustive data
reported in logbooks (for vessels over 10 m
LOA), by sampling the small scale fishery in ports
(for vessels under 10 m LOA) and
on sales notes from the official fish market
New fisheries information system developed: Fleet
register and catch logbook
Three Institutions (INRH, ONP and MPM) are
involved in the national statistical system which
comprises biological, statistical and
fishing effort data collection
InfoRib information system maintained by the
Ministry of Agriculture
IEO collects data of main commercial
species (Reg.(EC) 1543/2000 and Reg (EC)
1639/2001); Data is stored and managed by the
SIRENO database developed by the IEO;
Secretariat of Maritime Fisheries is developing a
global tool to compile the different sources of
information in a common database
The national Data collection system is managed by
the “Direction générale de la
pêche et de l’aquaculture”; Data collection is
through logbooks and port inspections
An integrated web-based Fisheries
Information System (FIS) has been developed
and is able to collect, process, transmit and
disseminate data

was conducted during 2008
GRUND, MEDITS and AdriaMed trawl
surveys;
CORALFish: interactions among deep
sea corals and fisheries;
INTERREG, RESHIO: trawl surveys to
investigate deep sea resources
Red’S
A bottom trawl survey was conducted
during the summer of 2003 to assess the
status of demersal stocks

-

MEDITS trawl survey
Red’S

AdriaMed trawl survey

???

MEDITS trawl survey
IEO research project on the Red
Seabream (Pagellus bogaraveo) fishery
in waters off the Strait of Gibraltar;
MEDITS trawl survey,
numerous studies for red shrimps,
Nephrops
ESREB : Evaluation of Stocks and
Resources of Benthic Ecosystems
BIHARE : Biology and fisheries of
benthic exploitable resources
NECESSITY: Nephrops by-catch
reduction

5.5.4. Review of assessment methods
Unlike the adjacent NE Atlantic ocean deep-water species, very few deep-water
species are assessed within the Mediterranean region. These assessments are
conducted inside scientific advice groups (GFCM/FAO; SGMED/STECF) and not
actual management bodies. A brief summary on the status of some demersal/deep
water stocks is given in Table 16.
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Table 16. Status of deep water species in various Mediterranean countries

Country

Status of stocks

Algeria

All demersal species at
critical level of exploitation

Croatia

Demersal resources
situation is relatively stable
and positive for some stocks
in comparison with
the previous years

France

Demersal resources
analyses show an increase
in the number of
populations with smallsized individuals in the Gulf
of Lions and in general in
the northwestern
Mediterranean

Merluccius merluccius:
Overexploited

Greece

Morocco

Malta

P. bogaraveo and P.
americanus stocks are
considered depleted and the
fisheries collapsed;
Aristeid shrimps consisted
pristine stocks, although
recently are exploited by
Italian fishers with
unknown impact
Based on a joint exercise
(VPA) between Spain &
Morocco, the P. bogaraveo
stock in the strait of
Gibraltar can be considered
to be fully exploited

Aristaeomorpa foliacea:
Overexploited

Aristeus antennatus
is fully exploited.
Assessment carried out by
length cohort analysis
(LCA, tuned VPA, XSA
and Y/R)
Spain

13

The Norway lobster
(Nephrops norvegicus)
seems to be overexploited",
Assessment carried out by
VPA and yield per-recruit
(Y/R), on a mean pseudocohort.

Magement suggestions for
Consideration by SAC13
Control the development
of artisanal fisheries
Validation and interpretation
of the results obtained
through different scientific
methods of stock
assessment; Development
of indicators and reference
points; Identification of criteria
for shared stocks

Reference
GFCM, 2010

GFCM, 2010

None
GFCM, 2010

Improve trawl exploitation
pattern. It is a necessity to
reduce fishing effort

Increase gillnet mesh size in
the P. bogaraveo fishery and
the MLS of this species
A. antennatus –D’ Onghia

Need for a joint
management/recovery plan;
Identification of critical areas

Reduce the fishing mortality by
30% (when F0.1 reference
point)

SGMED/STECF, 2004;
SGFEN/STECF, 2001;
Petrakis, 2001;
Mytilineou & Machias, 2007
and references therein

GFCM/SAC, 2010

GFCM/SAC, 2009
GFCM/SAC, 2010

A.antennatus: Under this
premise, fishing effort should
not increase beyond the
current levels and biological
management measures would
be appropriate seen the recent
results.
N. norvegicus: there is not a
high risk of stock
depletion/collapse

GFCM/SAC, 2010

SAC: Scientific and Advisory Committee (SAC) of the General Fisheries Commission for the Mediterranean(GFCM).

178

Pagellus bogaraveo:
Moderately exploited

Aristeus antennatus: An
application of Yield per
recruit model to the
exploited stock, according
to different scenarios,
indicated conditions close
to optimal harvesting

Maintain the fishing
mortality at the
current level

Ragonese & Bianchini,
1996 ; D’Onghia et al., 2005
Increase of the age of first
capture by increasing the mesh
size

GFCM/SAC, 2009
GFCM/SAC, 2010

Aristaeomorpa foliacea in
GSA 15-16: Overexploited

Italy

Based on a Productivity and
Susceptibility Analysis
(PSA) conducted in the
Nephrops bottom trawl
fishery, Galeus melastomus,
Merluccius merluccius
Phycis blennoides,
Lepidorhombus bosci and
Helicolenus dactylopterus,
are the stocks considered
least likely to be
sustainable.

Reduce the fishing mortality by
30% (when F0.1 reference
point)

GFCM/SAC, 2010

Reduce the by-catch, currently
comprising an 85% in this
fishery.

Aladym model for A.
foliacea

Nephrops
norvegicus:
Overexploited

Adriatic: using the towed
underwater television
UWTV methodology for
Nephrops assessment

5.5.5.

Red’S (2008)

Fishing mortality should
decrease
Reduce the fishing mortality on
females by 64-68 % and on
males by 77-79 % (depending
on M values). A long term
management plan is required

GFCM, 2009

Review of management methods

Unlike many other regions of the world, the Mediterranean coastal states have
generally renounced their right to extend national jurisdiction to 200-mile EEZs as
provided for by the United Nations Convention on the Law of the Sea. The semienclosed nature of the Mediterranean and the large number of coastal states explain
this cautious approach, aimed at avoiding territorial frictions. However, in recent
years, some countries have tried to adopt tailor-made, sui generis solutions to enlarge
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their fisheries jurisdiction beyond the 6-12 mile territorial waters, whilst avoiding a
formal EEZ declaration. Examples include the so-called fishing zone (“zone de pêche
réservée”) in Algeria (1994), the fisheries protection zones unilaterally declared by
Spain (1997) and Croatia (“ecological and fishing protection zone”; 2003). Malta, in
turn, has had its 25-mile “management zone” recognized after its recent accession to
the European Union. The final declaration of the Ministerial Conference on the
Sustainable Development of Fisheries in the Mediterranean, held in 2003,
acknowledged the beneficial role to be played by extending fisheries protection
zones for fisheries management in the region, and calls for the need to follow a
concerted approach to their declaration.
As for unilateral extensions of jurisdiction for purposes other than fishing, France has
enacted a law in April 2004 creating an ecological protection zone in the
Mediterranean beyond its territorial waters, mainly aimed at implementing controls
to fight pollution. Also, Italian legislation provides for the establishment of zones of
biological protection beyond the Italian territorial sea on the high seas. Use of this
provision was made to create a zone of biological protection covering a stretch of
water in the vicinity of the island of Lampedusa. Nevertheless, in spite of the
occasional attempts by some countries to partly apply UNCLOS provisions referred
to above, about 80% of the Mediterranean still lies in the High Seas, which poses
specific problems for the governance of fisheries management and biodiversity
conservation in the region.
This doesn’t mean, however, that there are no legal instruments in place allowing for
the protection of the Mediterranean deep-sea biodiversity beyond national
jurisdiction. In this regard, it must be pointed out that the particular situation
discussed above relates to the lack of EEZs, which mostly deal with the use of
biological resources found within the water column. Indeed, the use of those found
on the seabed beyond national jurisdiction is specifically covered by the International
Seabed Authority (ISA), which establishes that coastal states have exclusive rights
over seabed resources on the continental shelf, a juridical concept that encompasses
all the seafloor in the Mediterranean basin. Sedentary species, legally defined in
Article 77 of UNCLOS, are fully subject to this legislation. Also, the Barcelona
Convention Protocol relative to Specially Protected Areas and Biological Diversity in
the Mediterranean (SPA Protocol) provides for the creation of marine protected areas
beyond territorial waters, as exemplified by the Ligurian Sea Cetacean Sanctuary.
This protected area was originally established in Mediterranean High Seas by the
governments of France, Monaco and Italy, being then listed as a Specially Protected
Area of Mediterranean Importance (SPAMI) under the Barcelona Convention.
With respect to the Mediterranean basin, the issue of the protection of the local deepsea biodiversity from impacting fishing practices was dealt within the 2004 meeting
of the Sub-Committee on Marine Environment and Ecosystems (SCMEE) of the
Scientific and Advisory Committee (SAC) of the General Fisheries Commission for
the Mediterranean (GFCM), the RFMO with the mandate for the Mediterranean
region. The SCMEE concluded in its report that: “Current scientific advice does not
support any expansion in the range of depths at which fishing takes place. There is a strong
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opinion from some scientists from the NW Mediterranean that fishing at depths greater than
1000 m should not take place, based on the precautionary approach. The Subcommittee
recommended that SAC should analyze the conservation benefits to be gained from setting
limits to the depths at which fishing takes place and balance these against the cost to
fishermen.”
Since 2005, the GFCM banned bottom trawling below a depth of 1000 m in the
Mediterranean (EC 1967/2006). The measure is legally binding since it was adopted
under Article V of the GFCM Agreement, and entered into force in July 2005. The
measure was adopted by consensus by all members of the GFCM Furthermore,
since January 2006, three ecologically-important deep-sea areas have been protected
off the waters of Italy, Cyprus and Egypt by GFCM. The decision requires all
Mediterranean states to prevent bottom trawling fishing fleets from operating in the
designated areas. These include the deep-water coral reef off Capo Santa Maria di
Leuca, Italy, in the Ionian Sea, which is home to the rare white coral, Lophelia, as well
as a chemosynthetic-based ecosystem offshore from the Nile Delta, and the
spectacular Eratosthenes seamount, south of Cyprus, which hosts rare coral species.
Assessment of the effects of the deep-sea red shrimp trawl fishery on the
environment of the Strait of Sicily at the population and community level by
sampling in trawled and non-trawled treatment sites, showed that the populations of
A. foliacea and Etmopterus spinax did not show any differences in biomass between the
trawled and non-trawled sites, while the biomass of Plesionika martia, N. norvegicus,
H. dactylopterus, and Galeus melastomus was four, sixteen, six and twice higher,
respectively, in the non-trawled sites. Changes in the length structure were also
detected for all the species except E. spinax. At the community level, higher biomass,
density and diversity indices were recorded in the non-trawled sites. Multivariate
analysis gave two main groups which corresponded to the trawled and non-trawled
sites. This study provided evidence for the alteration of the ecosystem due to fishing,
with the shrimps A. foliacea and P. martia showing a high resilience to trawling
activities (Dimech et al., 2009). Moreover, comparison of the deep fish assemblages of
the Greek (unexploited) and Italian (highly exploited) Ionian Sea concerning the
biodiversity and the size composition of various stocks, dramatic effects of
exploitation were obvious for some species or groups of species (Mytilineou et al.,
2001; D’ Onghia et al., 2003)
A summarized review of the management methods applied by Mediterranean
countries to deep-water fisheries is presented in Table 17.
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Table 17. Fisheries management in various Mediterranean countries
Country
Algeria

Bulgaria

Croatia

Cyprus

France

Greece

Israel
Egypt

Italy

Libya
Lebanon

Malta

Montenegro
Morocco

Slovenia

Spain

Tunisia
Turkey

General for
demersal/benthic resources
Minimum marketing size for some exploited species
EU legal framework according to CFP;
The Fisheries and Aquaculture Act (FAA) was adopted in 2001
(amended in 2006 and 2008) and determines the management,
exploitation, and conservation of
the fish resources
Minimum landing sizes, mesh sizes, closed seasons for
numerous species, temporal and spatial
restrictions for gears

EU legal framework according to CFP

EU legal framework according to CFP
EU legal framework according to CFP;
In addition to EU legal framework, several national measures
for managing fishing effort, minimum landing sizes, fishing
gear restrictions, seasonal and local closures, distance from
coast and depth restrictions
Trawl mesh size 48mm, no fishing at depths < 15m
Closed season for all fishing methods from 1May to 30 June;
Freeze on the issue of additional fishing vessel licences
EU legal framework according to CFP;
In addition to EU legal framework, several technical measures
to ensure exploitation and conservation of
living aquatic resources or the protection of marine ecosystems;
Fishing activities (i.e. trawlers) have been temporarily banned
Trawl fishing for demersal fish species was prohibited during
the period June through July 2008
Minister Decision 20/1 on January 1, 2009, defining the types
of legitimate marine fishing gears
EU legal framework according to CFP;
25 miles management zone
A total allowable catch (TAC) has been established only for
demersal trawling
Measures based on effort control
and protection of juveniles
EU legal framework according to CFP; Temporary stop issuing
new fishing permits for trawlers
EU legal framework according to CFP;
The Spanish ministerial order ORDEN APA/254/2008, of
January 31th, establishes an integral management plan for
fisheries resource conservation in the Mediterranean, regulating
fisheries, and establishing a series of closed seasons/areas
Trawling ban in GSA 14 between 1 July 2009 and 30
September 2009
Minimum mesh size; Minimum fish size; Closed seasons and
areas; Gear or fishing method restrictions

Specific for deep water
fisheries/species
No trawling > 1000m
No trawling > 1000m
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
No trawling > 1000m
Closed deep waters area
Eratosthenes seamount
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
No trawling > 1000m
Closed deep waters area
offshore the Nile delta
No trawling > 1000m;
Closed deep waters area off
Capo Santa Maria di Leuca;
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
No trawling > 1000m
No trawling > 1000m
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
No trawling > 1000m
No trawling > 1000m
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
P. bogaraveo MLS 33cm TL
P. americanus MLS 45 cm TL
N. norvegicus MLS 20 cm CL
No trawling > 1000m
No trawling > 1000m
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5.6. North Atlantic (NAFO, NEAFC and inside national EEZs)
5.6.1.

Introduction

Here we address the monitoring and management of deep-water stocks, fisheries and
ecosystems in the N. Atlantic. As discussed in Section 1, the definition of “deep-water”
species varies between organisations and countries. Here, deep-water species are defined
broadly in line with those fish and crustacean species listed in annexes I and II of the EC
Deep-water Licensing Regulation No 2347/2002.
The deep-water fisheries in the N Atlantic fall under the monitoring and management
remits of the Northeast Atlantic Fisheries Commission (NEAFC) and the Northwest
Atlantic Fisheries Organisation (NAFO) for international waters, and sovereign states
within their national exclusive economic zones (EEZs). In the N Atlantic the latter include:•
•
•
•
•
•
•

the EU Common Fisheries Policy for EU waters and EU vessels fishing in
international waters;
Faroese national fisheries policy and regulation within Faroese waters;
Greenlandic national fisheries policy and regulation for waters around Greenland;
American national fisheries policy and regulation within USA waters;
Canadian national fisheries policy and regulation within waters around Canada;
Icelandic national fisheries policy and regulation within Icelandic waters;
Norwegian national fisheries policy and regulation within Norwegian Waters.

The OSPAR Convention is the current legal instrument guiding international cooperation
on the protection of the marine environment of the NE Atlantic.
It is not possible here to review all the monitoring and management regimes relevant to
the deep sea in the N Atlantic, as much of the national state policy is not readily available
in English. Some aspects of monitoring are addressed in other DEEPFISHMAN WP2
reviews; examples are reviews of the EC Data Collection Framework, of policy and of the
work relating to the development of fisheries-independent surveys carried out by the ICES
Working Group on NE Atlantic Continental Slope Surveys (WGNEACS). So here I focus
on monitoring and management of:
•
•
•
•
•

EU vessels fishing inside EU waters and in international waters in the
NEAFC Regulatory Area (RA);
EU vessels fishing inside EU waters;
Vessels of all Contracting Parties (CPs) fishing in the NEAFC RA;
Vessels of all CPs fishing in the NAFO RA (international waters in the NW Atlantic);
Deep-water ecosystems (including vulnerable marine ecosystems (VMEs)) in the N.
Atlantic.
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5.6.2. EU vessels fishing inside EU waters and in international waters in the NEAFC RA.
The Regulations applying to EU vessels fishing for deep-water species were most recently
reviewed in a communication from the Commission in 2007 (EC COM, 2007) and a
consultation review of the deep-sea access regime (DG Mare/C2, 2010). These reviews
deliberately focus more on the management of fisheries and stocks rather than the broader
aspects of ecosystem management.
Explicit management measures for EU vessels fishing deep-water stocks did not come into
force until January 2003, when TACs were introduced for selected deep-water species
(Council Regulation (EC) No 2340/2002). These TACs were based on a Commission
proposal that took account of a ten-year track record in fishing (1990-1999). Since the
scientific advice on deep-water stocks is available every two years, Regulation 2340/2002
fixed the deep-water TACs for 2003 and 2004. After the enlargement of the Community in
2004, quotas had to be fixed for the new Member States (MSs) according to Article 57 of
the Act of Accession. Council Regulation (EC) No 2269/2004 fixed the quotas for accession
states on the basis of their historical track record of catches for 1993-2002 instead of 19901999. In Regulation 2269/2004 the quotas for the new MSs were added to those in
Regulation 2340/2002 for the existing MSs, resulting in increased Community TACs.
The TAC and Quota Regulation was complemented by Council Regulation (EC) No
2347/2002 establishing specific access requirements and associated conditions applicable to
fishing for deep-water stocks. This Regulation aimed to cap the expansion of fishing effort
on deep-water species by obliging all vessels that capture more than 10 t deep-sea species
in year to have a deep-water fishing permit, otherwise their landings of deep-water species
would be limited to 100 kg per fishing trip. Moreover, the total capacity of vessels holding
deep-sea fishing permits was restricted to the aggregate capacity of the vessels that fished
more than 10 t of deep-sea species in any of the years 1998 – 2000 inclusive (2000 – 2003 for
the new MSs). Regulation 2347/2002 also introduced special reporting and control
requirements, including the development of sampling schemes and observer coverage and
the requirement to land only to designated ports. To improve the sampling of deep-water
species under the EU Data Collection Regulation (DCR) further sampling requirements
were specified in Commission Regulation (EC) No 1581/2004.
ICES advice for deep-water stocks is issued every two years and consequently since 2002
EU TAC regulations have been updated biennially and at times expanded to manage
additional species and other pertinent deep-water issues.
Council Regulation (EC) No 2270/2004, which fixed the TACs for deep-water stocks for
2005 and 2006, introduced TACs on a number of stocks for which catches were not
previously restricted (deep-water sharks and forkbeards (Phycis blennoides)) and deleted
some species (greater silver smelt (Argentina silus) and ling (Molva molva) which were
transferred to the EC Annual TAC and Quota Regulations. In addition, in the light of
scientific advice that the stock of orange roughy in Sub-area VI was heavily depleted, this
Regulation introduced closed areas for this species to the west of the United Kingdom and
Ireland (Figure 48 below). Vessels fishing within the closed area cannot land any orange
roughy. Vessels fishing for orange roughy that transit the closed area must maintain their
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speed above 8 knots to ensure that no fishing operations are carried out in the area. This
measure remains in force today.
Council Regulations 27/2005 and 51/2006 required 10% and 20% reductions respectively in
the number of kW-days deployed by vessels holding deep-water licences with respect to
the levels deployed in 2003 (the year in which Regulation 2347/2002 came into force).
Council Regulation (EC) No 2015/2006, which fixed the TACs for deep-water stocks for
2007 and 2008, did not include TACs for tusk (Brosme brosme) stocks; these were
transferred to the EC Annual TAC and Quota Regulations. Regulation 51/2006 also
excluded greater argentines from the list of deep-water species for the purpose of effort
calculations.

Figure 48. Orange roughy protection areas to the west of the British Isles, blue ling protection areas on
Rosemary Bank and the continental slope to the NW of Scotland and to the SW of Iceland (enlarged),
coral protection areas on the Rockall and Hatton Banks, and VME protection areas on the Mid-Atlantic
Ridge (MAR). The area treated as the NE Atlantic is shown in pale blue.
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Regulation 2015/2006 also introduced measures regarding the use gill, entangling and
trammel nets in ICES areas VIa, b, VIIb, c, j, k and XII. Community vessels are prohibited
from using these nets at any position in these areas east of 270 where the charted depth is
greater than 200 metres, in ICES Zones VIa, b, VII b, c, j, k and XII east of 27o W. The
following derogations are permitted:(i) Gillnets with a mesh size equal to or greater than 120 mm and < 150 mm, provided that
they are deployed in waters of < 600 metres charted depth, are no more than 100 meshes
deep, have a hanging ratio of not less than 0.5, and are rigged with floats or equivalent
floatation. The nets must each be of a maximum of 2.5 km in length, and the total length of
all nets deployed at any one time shall not exceed 25 km per vessel. The maximum soak
time is 24 hours
Or
(ii) Entangling nets with a mesh size equal to or greater than 250 mm, provided that they
are deployed in waters of < 600 metres charted depth, are no more than 15 meshes deep,
have a hanging ratio of not less than 0.33, and are not rigged with floats or other means of
floatation. The nets must each be of a maximum of 10 km in length. The total length of all
nets deployed at any one time must not exceed 100 km per vessel. The maximum soak
time is 72 hours.
To allow for the replacement of lost or damaged gear, vessels may carry on board nets
with a total length 20% greater than the maximum length of the fleets that may be
deployed at any one time. All gear shall be marked in accordance with EC Regulation No
356/2005. All vessels deploying gillnets or entangling nets at any position where the
charted depth is greater than 200 metres in the area described above must have a fishing
permit issued by the flag state. The master of a vessel with a permit shall record in the
logbook the amount and lengths of gear carried by a vessel before it leaves port and when
it returns to port, and must account for any discrepancy between the two quantities. The
naval services or other competent authorities shall have the right to remove unattended
gear at sea in these ICES areas east of 270 W if:
•
•
•
•

the gear is not properly marked;
the buoy markings or VMS data indicate that the owner has been located at a
distance less than 100 nautical miles from the gear for more than 120 hours;
the gear is deployed in waters with a charted depth greater than that permitted;
the gear is of an illegal mesh size.

In addition to a requirement to record various effort parameters in logbooks, the skipper
must ensure that the quantity of sharks retained on board by any vessel using the gear
type described in point (ii) is no more than 5 % by live-weight of the total quantity of
marine organisms retained on board.
There were no changes to species addressed by Council Regulation No 1359/2008, which
fixed TACs for deep-water stocks in 2009 and 2010; however, blue ling (Molva dypterygia) in
VI and VII was transferred to the EC Annual TAC and Quota Regulations where it remains
at present. The reason for this change was to accommodate new regulations to protect
spawning aggregations of blue ling in Sub-Division VIa, which for timing reasons could not
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be introduced in Regulation 1359/2008. EC Council Regulation (EC) No 43/2009, which fixes
annual TACs and quotas in 2009 for certain fish stocks and groups of fish stocks, introduced
protection areas for spawning aggregations on the edge of the Scottish continental shelf and
the edge of Rosemary Bank for the period 1st March to 31st May (see Figure 1 above). These
measures included entry and exit protocols, prohibition of retaining in excess of 6 t of blue
ling in either area per trip, and, once the vessel retains this quantity, prohibition of returning
to these areas until the vessel has landed. In addition, vessels cannot discard blue ling in
these areas and observers (deployed under EC Regulation (EC) No 2347/2002) should record
the length and sexual maturity composition of catches of blue ling. MSs shall establish
detailed sampling protocols and collate results after consultation with STECF.
There are also NEAFC Regulations applying to NEAFC Contracting Parties (CPs)
(including the EU) fishing in the NEAFC RA and these are addressed further below.
5.6.3. Vessels of all CPs fishing in the NEAFC RA
NEAFC did not regulate deep-water fisheries in the RA (Figure 49) until 2003 when a
temporary freeze on deep-water effort was introduced. Taking into account ICES advice14
on deep-water stocks in subsequent years this regulation has been strengthened and
currently, each CP undertakes to limit the effort for 2010-2012 put into the directed fishing
for deep-water species as set out in Annex 1B of the NEAFC ‘Scheme’ in the RA. The effort
shall not exceed 65 per cent of the highest level put into deep-sea fishing in previous years
for the relevant species. The effort should be calculated as aggregate power, aggregate
tonnage, fishing days at sea or number of vessels, which participated (NEAFC
Recommendation VI/2010).

Figure 49. NEAFC Regulatory Area
14 NEAFC does not have a dedicated Scientific Committee to carry out assessments and consequently relies on
scientific advice from ICES.
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NEAFC has also introduced regulations to control fisheries for orange roughy
(Recommendation IX : 2010, applying in 2010 and 2011) and blue ling. All available
information indicates that the stocks orange roughy in ICES Sub-areas V, VI and VII are
severely depleted and targeted fisheries are currently prohibited. In other areas of the RA,
directed fisheies for orange roughy may only be undertaken under the following
precautionary conditions:
(i) Fishing activities shall be restricted to vessels of CPs having participated in fishery for
orange roughy in the NEAFC RA in areas other than V, VI and VII prior to 2005;
(ii) Annual total catches of any CP shall not exceed 150 t;
(iii) All information for orange roughy fisheries shall be provided in accordance with
NEAFC Recommendations concerning submission of scientific information on deep
sea fisheries; and
(iv) CPs shall develop research and sampling plans for orange roughy fisheries with the
view to providing information relevant to the development of procedures for
monitoring the effects on the ecosystem.
Following repeated ICES advice to introduce closed areas to protect spawning
aggregations of blue ling, NEAFC has banned all fishing with bottom contacting gear
(bottom trawl, longlines and gillnets) in an area ICES Division XIV (Figure 1 above) during
the period 15 February to 15 April (Recommendation X, 2010, applying in 2010, 2011 and
2012).
Consistent with initial EU Regulations on deep-water gill, entangling and trammel
fisheries (see above), until measures are adopted by NEAFC to regulate length of fleets
and soak-times in these fisheries, vessels operating in RA shall not deploy these nets at any
position where the charted depth is greater than 200 metres (Recommendation III, 2006).
Although not applying to deep-water species, it should be noted that from 2010 onwards
CPs will ensure that its fishing vessels (using any type of fishing gear) operating in the RA
are prohibited from discarding or releasing catches of any of the species listed in Annex IA
of the Scheme of Control and Enforcement (Recommendation XVI, 2010). These species
comprise redfish (Sebastes mentella), Norwegian spring spawning herring (AtlantoScandian) (Clupea harengus), blue whiting (Micromesistius poutassou), mackerel (Scomber
scombrus) and haddock (Melanogrammus aeglefinus).
In response to UNGA Resolution 61/105 on deep-water high seas fisheries (2007) and the
FAO International Guidelines for the Management of Deep-water Fisheries in the High
Seas (2009), NEAFC has introduced measures to regulate and monitor bottom fisheries in
the RA. As the protection of VMEs is the main driver of these recommendations, these are
addressed in the section below on the monitoring and management of deep-water
ecosystems.
NEAFC and the OSPAR Commission have agreed a new MOU as a first step towards
multisectoral management of the high seas in the NEAFC RA.
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From a monitoring standpoint, the NEAFC Scheme of Control and Enforcement
(NEAFC/2010) describes all CPs obligations relating to fishing vessels, catch and effort
reporting, VMS (hourly reporting) and enforcement regulations (inspection at sea, port
state controls etc). CPs are requested to ensure that vessels report catch, effort and
transhipment data and information. In additions CPs are requested to report aggregate
catch and effort data by calendar quarter
5.6.4.

Vessels of all CPs fishing in the NAFO Regulatory Area (international waters in
the NW Atlantic)

NAFO monitors and manages a wide range of species some of which are currently defined
in EC Regulations as deep-water-species. As above in the section for NEAFC, we address
these species and exclude species which occur in deep-water but are currently not
included in EC deep-water regulations, redfish and Greenland halibut for example. The
deep-water species managed by NAFO in the NAFO RA (Figure 50) comprise roundnose
grenadier (Coryphaenoides rupestris) in Sub-areas 0 and 1 and roughhead grenadier
(Macrourus berglax) in Sub-areas 2 and 3.

Figure 50. NAFO Convention Area (CA) (note that the NAFO RA is the part of the CA outside national EEZs).
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In contrast to NEAFC (which relies on scientific advice from ICES), NAFO has its own
Scientific Council which carries out all stock assessments and provides scientific advice
and recommendations to the NAFO Fisheries Commission (FC). Management of fisheries
in the NAFO area is almost exclusively by TACs and quotas.
Roundnose grenadier in Sub-areas 0 and 1 (Davis Strait) is probably connected to other
stocks in the North Atlantic. Canadian and Russian surveys covering both Subareas 0 and
1 have shown that most of the biomass is found in Subarea 1.
An unknown proportion of the reported commercial catches from these sub-areas is
roughhead grenadier. Analytical assessments are not carried out and consequently the
current level of exploitationis not known. In 2007, the biomass of roundnose grenadier was
estimated to be close to the lowest ever observed. Roundnose grenadier in Sub-areas 0 and
1 is considered to be still at the very low level observed since 1993 and is composed of
small individuals. Scientific advice since 1996 has been that there should be no directed
fishing and that catches should be restricted to bycatches in fisheries targeting other
species. The NAFO SC will next attempt an assessment in 2011. There are no reference
points available for this stock.
The stock structure of roughhead grenadier in the North Atlantic remains unclear. This
species is distributed throughout NAFO Sub-areas 0-3 in depths between 300 and 2000 m.
However, for assessment purposes, NAFO SC considers the population of Subareas 2 + 3
as a single stock. Roughhead grenadier is taken as by catch in the Greenland halibut trawl
fishery, mainly in NRA Divisions 3LMN.
Biomass indices are available from:
•
•
•
•

Canadian stratified bottom trawl autumn surveys in Div. 2J and 3K since 1995;
Canadian stratified random bottom trawl spring surveys in Div. 3LNO since 1996 to
2006;
EU (Spain and Portugal) Flemish Cap survey in Div. 3M since 1991; and
Spanish Div. 3NO survey since 1997.

Catch-at-age data from the total commercial catches in Div. 3LMNO are available since
1992. Length frequencies from the EU-Spain, Russian and EU-Portugal trawl catches in
Div 3LMNO are available from 1992, 1992, and 1996 respectively.
In 2010, three different assessments were presented: Extended Survivors Analysis (XSA), a
Stock-Production Model Incorporating Covariates (ASPIC) and a qualitative assessment
based on survey and fishery information. However, only the qualitative assessment based
on abundance indices from the Canadian autumn survey (Div. 2J+3K) and the Spanish
survey in Div. 3NO was used to assess stock status. Although these surveys do not cover
the entire distribution of the stock they are considered as the best survey information to
monitor trends in resource status because their depth coverage is down to 1500 m. These
surveys indicate that the total biomass of roughhead grenadier exhibits a continuing
increasing trend and remains at the high level observed in recent years. Catch/biomass
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(C/B) indices indicate show a decreasing trend in F from 1995 to 2009, due to an increasing
trend in the survey biomass and a decrease in catches.
Biological reference points are not currently available at this time. It should be noted that
the majority of the catches comprise immature fish. The only management regulation
applying to this species in the NAFO RA is a general groundfish regulation requiring the
use of a minimum 130 mm mesh size.
Regarding fisheries monitoring, to maintain compliance with NAFO Conservation and
Enforcement Measures (CEM) for their vessels, all fishing vessels carry at least one
observer at all times while fishing in the RA. The salary and costs of an observer are
covered by the relevant CP.
Observers carry out the following duties:
•

monitor a vessel's compliance with the relevant CEMs, in particular they:
o

record and report upon the fishing activities of the vessel and verify the position of
the vessel when engaged in fishing;

o

observe and estimate catches with a view to identifying catch composition and
monitoring discards, by-catches and the taking of undersized fish;

o

record the gear type, mesh size and attachments employed by the master; and

o verify entries made to the logbooks (species composition and quantities, live and
processed weight, hail and VMS reports).
• collect catch and effort data for each haul. This data includes location
(latitude/longitude), depth, time of net on the bottom, catch composition and discards; in
particular the observer collects the data on discards and retained undersized fish as
outlined in the protocol developed by the SC;
• carry out such scientific work (for example, collecting samples) as requested by the FC
based on the advice of the SC; and
• monitor the functioning of and report upon any interference with the satellite tracking
system (VMS). In order to better distinguish fishing operations from steaming and to
contribute to an a posteriori calibration of the signals registered by the receiving station,
the observer maintains detailed reports on the daily activity of the vessel.
When an infringement of the CEMs is identified by an observer, the observer, within 24
hours, reports it to an inspection vessel using an established code, which reports it to the
NAFO Secretariat. The observer, within 30 days following completion of a trip, provides a
report to the CP of the vessel and to the NAFO Secretariat, who make the report available
to any CP on request. Copies of reports made available to other CPs do not include
location of catch in latitude and longitude, but do include daily totals of catch by species
and division.
Regarding bycatch regulations, at the trip level vessels of a CP must limit their retained
by-catch to a maximum of 2500 kg or 10%, whichever is the greater, for each species listed
for which no quota has been allocated in that NAFO Division to that CP. In cases where a
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ban on fishing is in force or an “others” quota has been fully utilized, the by-catch of the
species concerned must not exceed 1250 kg or 5%, whichever is the greater. If the
percentages of bycatches in any one haul exceed the percentages described above the
vessel must immediately move a minimum of 10 nm from any position of the previous
tow and throughout the next tow keep a minimum distance of 10 nm from any position of
the previous tow. If after moving, the next haul exceeds these bycatch limits the vessel
must leave the Division and not return for at least 60 hours. Following an absence from a
Division of at least 60 hours, skippers shall undertake a trial tow the duration of which
shall not exceed 3 hours.
Regarding regulations applying to directed fisheries, skippers must not conduct directed
fisheries for species for which by-catch limits apply. A directed fishery is defined as when
that species comprises the largest percentage by weight of the total catch in any one haul.
Regarding VMS monitoring, all vessels catching fish/shellfish species under NAFO’s
jurisdiction must have and use VMS. Other fisheries, e.g. crabs and tuna, are not required
to be monitored under the NAFO scheme. Position reports are transmitted every hour, and
various other data on catch. VMS data are available for scientific analysis but only in
summary form. The NAFO Secretariat carries out post processing/GIS work of VMS data
to plot vessel fishing activity and fishing effort. Owing to the difficulty in identifying gear
and catch composition from VMS reports, this information is of limited scientific use.
Efforts are being made to collect more comprehensive information that will make the data
more useful for stock monitoring.
Measures are place to regulate the finning of sharks. CPs report data for all catches of
sharks (all species including deep-water sharks), including available historical data.
Fishing vessels must fully utilize their entire catches of sharks. Full utilization is defined as
retention by the fishing vessel of all parts of the shark except head, guts and skins, to the
point of first landing. Vessels must not have onboard shark fins that total more than 5% of
the weight of sharks onboard, up to the first point of landing. In fisheries that are not
directed at sharks, CPs shall encourage the release of live sharks, especially juveniles, to
the extent possible, that are caught as by-catches and are not used for food and/or
subsistence.
5.6.5. Deep-water ecosystems (including VMEs) in the N. Atlantic.
5.6.5.1. EU waters
The main EU Regulation applying to EU waters is the Marine Strategy Directive (MFSD)
EU (DIRECTIVE 2008/56/EC June 2008). This comprises a thematic strategy for the
protection and conservation of the marine environment with the overall aim of promoting
sustainable use of the seas and conserving marine ecosystems. The Directive addresses all
human activities that have an impact on the marine environment. The establishment of
Marine Protected areas (MPAs), including areas already designated or to be designated
under the Habitats Directive and the Birds Directive, and under international or regional
agreements to which the EC or Member States (MSs) are Parties, is an important
contribution to the achievement of good environmental status under the Directive. The
achievement of the objectives of this Directive should ensure the integration of
conservation objectives, management measures and monitoring and assessment activities
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set up for spatial protection measures such as special areas of conservation (SACs), special
protection areas (SPAs) or MPAs. Account should also be taken of biodiversity and the
potential for marine research associated with deep-water environments.
The Directive establishes a framework within which MSs shall take the necessary
measures to achieve or maintain good environmental status in the marine environment by
the year 2020 at the latest. Marine strategies shall be developed and implemented in order
to:
(a) protect and preserve the marine environment, prevent its deterioration or, where
practicable, restore marine ecosystems in areas where they have been adversely
affected;
(b) prevent and reduce inputs in the marine environment, with a view to phasing out
pollution, so as to ensure that there are no significant impacts on or risks to marine
biodiversity, marine ecosystems, human health or legitimate uses of the sea.
Marine strategies shall apply an ecosystem-based approach to the management of human
activities, ensuring that the collective pressure of such activities is kept within levels
compatible with the achievement of good environmental status and that the capacity of
marine ecosystems to respond to human-induced changes is not compromised, while
enabling the sustainable use of marine goods and services by present and future
generations.
For the NE Atlantic (along with other designated areas), MSs shall make an initial
assessment of their marine waters by 15 July 2012, taking account of existing data where
available and comprising the following:
(a) an analysis of the essential features and characteristics, and current environmental
status of those waters and covering the physical and chemical features, the habitat
types, the biological features and the hydro-morphology;
(b) an analysis of the predominant pressures and impacts, including human activity, on
the environmental status of those waters which:
(i) is based on an indicative list of elements and covers the qualitative and quantitative
mix of the various pressures, as well as discernible trends;
(ii) covers the main cumulative and synergetic effects; and
(iii) takes account of the relevant assessments which have been made pursuant to
existing Community legislation;
(c) an economic and social analysis of the use of those waters and of the cost of
degradation of the marine environment.
The qualitative descriptors for determining good environmental status are that:-
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(1) Biological diversity is maintained. The quality and occurrence of habitats and the
distribution and abundance of species are in line with prevailing physiographic,
geographic and climatic conditions;
(2) Non-indigenous species introduced by human activities are at levels that do not
adversely alter the ecosystems;
(3) Populations of all commercially exploited fish and shellfish are within safe biological
limits, exhibiting a population age and size distribution that is indicative of a healthy
stock;
(4) All elements of the marine food webs, to the extent that they are known, occur at
normal abundance and diversity and levels capable of ensuring the long-term
abundance of the species and the retention of their full reproductive capacity;
(5) Human-induced eutrophication is minimised, especially adverse effects thereof, such
as losses in biodiversity, ecosystem degradation, harmful algae blooms and oxygen
deficiency in bottom waters;
(6) Sea-floor integrity is at a level that ensures that the structure and functions of the
ecosystems are safeguarded and benthic ecosystems, in particular, are not adversely
affected;
(7) Permanent alteration of hydrographical conditions does not adversely affect marine
ecosystems;
(8) Concentrations of contaminants are at levels not giving rise to pollution effects;
(9) Contaminants in fish and other seafood for human consumption do not exceed levels
established by Community legislation or other relevant standards;
(10) Properties and quantities of marine litter do not cause harm to the coastal and marine
environment;
(11) Introduction of energy, including underwater noise, is at levels that does not
adversely affect the marine environment;
Under the MSFD the following are to be completed by MSs 15 July 2012:• completion of an initial assessment of the waters concerned
• a determination of good environmental status (GES)
• establishment of environmental targets and associated indicators
MSs must establish and implement by 15 July 2014 a monitoring programme for ongoing
assessments and regular updating of the targets and develop by 2015 a programme of
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measures designed to achieve of maintain GES and to put in operation the programme of
measures by 2016 at the latest.
Independently of the MSFD, MSs have already made considerable progress in introducing
closed areas to protect cold-water corals (Lophelia pertusa). For example, the UK has
introduced a closed are to the protect the Darwin Mounds to the NW of and Scotland and
Ireland is proposing introducing Special Areas of Conservation (SACs) to protect localized
concentrations of cold-water corals to the SW of Ireland (on the margins of the Porcupine
Band and Porcupine Bight. Similar measures have been or are in the process of being
introduced by other MSs.
5.6.5.2. NEAFC RA
In response to UNGA Resolution 61/105 on deep-water high seas fisheries (2007) and the
FAO International Guidelines for the Management of Deep-water Fisheries in the High
Seas (2009), NEAFC has introduced measures to regulate and monitor bottom fisheries in
its RA. The protection of VMEs is the main driver of these recommendations.
On the basis of advice from ICES, NEAFC has introduced closed areas to protect VMEs
(mainly cold-water corals) from serious adverse impacts (SAIs) on Hatton Bank, Rockall
Bank, on the Logachev Mounds and the West Rockall Mounds (Figure 1, above). Bottom
trawling and fishing with static gear, including bottom set gillnets and loglines is
prohibited within these areas.
Regarding general regulations on bottom fishing, using available VMS and other available
geo-reference data (logbook data, for example), NEAFC has mapped ‘existing bottom
fishing areas’ within the Regulatory Area for bottom fishing activities15. This fishing area
(see NEAFC website at http://www.neafc.org/page/3255) comprises all 5 * 10 minute
squares fished in at least two years within the period 1987-2007. All areas in the RA
outside the existing fishing area are referred to as "new bottom fishing areas".
All bottom fishing activities in new bottom fishing areas or with bottom gear not
previously used in the area concerned, are treated as exploratory fisheries and must be
conducted in accordance with an Exploratory Bottom Fisheries Protocol to be adopted to
be developed by the NEAFC FC. Until such a protocol is adopted an interim protocol
applies. Under this protocol exploratory bottom fisheries may commence only when the
following information has been provided to the NEAFC Secretariat by the relevant CP:
(a) A harvesting plan outlining target species, dates and areas. Area and effort restrictions
shall be considered to ensure fisheries occur on a gradual basis in a limited
geographical area;
(b) A mitigation plan including measures to prevent significant adverse impacts (SAIs) to
VMEs that may be encountered during the fishery;

15

The term ‘bottom fishing activities’ means bottom fishing activities where the fishing gear is likely to
contact the seafloor during the normal course of fishing operations.

195

(c) A catch monitoring plan that includes recording/reporting of all species caught. The
recording/reporting of catch shall be sufficiently detailed to conduct an assessment of
activity, if required;
(d) A data collection plan to facilitate the identification of VMEs/species in the area fished;
The Secretariat then forwards this information to all CPs and PECMAS16.
The exploratory bottom fishing activities are subject to an impact assessment procedure,
with the understanding that particular care shall be taken in the evaluation of risks of the
SAIs on VMEs, in line with the Precautionary Approach. Each CP proposing to participate
in bottom fishing shall submit to the Secretariat information on and, where possible, an
initial assessment of the known and anticipated impacts of its bottom fishing activities on
VMEs, in advance of the next meeting of PECMAS. These submissions must include the
mitigation measures proposed by the CP to prevent such impacts. On the basis of an
assessment made by ICES, PECMAS provides advice to the FC as to whether the proposed
bottom fishing activity would have SAIs on VMEs and, if so, whether mitigation measures
would prevent such impacts. The FC will then adopt conservation and management
measures to prevent SAIs on VMEs. Such measures may include:
(i) Allowing, prohibiting or restricting bottom fishing activities;
(ii) Requiring specific mitigation measures for bottom fishing activities;
(iii) Allowing, prohibiting or restricting bottom fishing with certain gear types, or changes
in gear design and/or deployment; and/or
(iv) Any other relevant requirements or restrictions to prevent SAIs to VMEs.
In addition to the above, NEAFC also has introduced regulations applying to encounters
with primary VME indicator species17 in both the existing and new fishing areas i.e. the
entire NEAFC RA. CPs require that vessels without delay cease bottom fishing activities in
any site in the RA where, in the course of fishing operations, evidence of VMEs is
encountered, and report the encounter, including the location, and the type of ecosystem,
to the Secretariat so that appropriate measures can be adopted in respect of the relevant
site. An encounter is currently defined as a catch per set (e.g. trawl tow, longline set, or
gillnet set) of >60 kg of live coral and/or >800 kg of live sponge.
In existing bottom fishing areas, if the quantity of VME elements or indicator species
caught in a fishing operation is beyond the threshold the skipper must report the
encounter to the CP, which without delay must forward the information to the NEAFC
Secretariat. The Secretariat then archives the information and reports it to all CP who in
turn must alert all fishing vessels flying their flag. The skipper of the vessel making the
encounter must cease fishing and move away at least 2 nautical miles from the position
that the evidence suggests is closest to the exact encounter location. The Secretariat
Permanent committee on management and science of NEAFC
Comprising the following corals: antipatharians, gorgonians, cerianthid anemone fields, lophelia, and
sea-pen fields and other VME elements, sponges for, example.

16

17
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compiles an annual report on single and multiple encounters and forwards this to
PECMAS and ICES. On the basis of an assessment by ICES, PECMAS evaluates on a caseby-case basis the information and provides advice to the FC on whether a VME exists.
In new fishing areas, observers identify corals and sponges and other VME organisms to
the lowest possible taxonomical level. If the quantity of VME element or indicator species
caught in a fishing operation is greater than the thresholds described above the same
reporting protocols as for existing fishing areas apply with the addition that the NEAFC
Secretariat immediately requests CPs to implement a temporary closure of two miles
radius around the reporting position. PECMAS at its next meeting will then examine the
temporary closure and if, on the basis of assessment by ICES, PECMAS advises that the
area is a VME, the Secretariat will request CPs to maintain the temporary closure until
such time that the FC has acted upon the advice from PECMAS. If the PECMAS evaluation
does not conclude that the proposed area is a VME, the Secretary informs CPs which may
re-open the area to their vessels.
Observers on fishing vessels carrying out exploratory fishing must:1. Monitor any set for evidence of VMEs and the presence of vulnerable marine species;
2. Record the following information for identification of VMEs: vessel name, gear type,
date, position (latitude/longitude), depth, species code, trip-number, set-number, and
name of the observer on datasheets, if possible;
3. Collect representative samples from the entire catch;
4. Provide samples for the scientific authority of a CP at the end of the fishing trip.
5.6.5.3. NAFO RA
NAFO like NEAFC has introduced measures to regulate and monitor bottom fisheries in
its RA in response to UNGA Resolution 61/105 on deep-water high seas fisheries (2007)
and the FAO International Guidelines for the Management of Deep-water Fisheries in the
High Seas (2009).
A bottom fishing “footprint” has been developed for the NAFO RA (Figure 51) using very
similar protocols to those applied by NEAFC.
Regarding general regulations on bottom fishing, these are almost identical to those
introduced by NEAFC. The main differences are that NAFO has its own scientific body
(NAFO Scientific Council and its subsidiary body the NAFO Working Group on the
Ecosystem Approach to Fisheries Management (WGEAFM)) which provide advice and
carry out the role played by ICES for NEAFC. The PECMAS equivalent in NAFO is the Ad
Hoc Working Group of Fishery Managers and Scientists on VMEs, and this body examines
the advice of SC and makes recommendations to the NAFO FC on VME related matters.
Another important difference is that there is 100% observer coverage on all vessels fishing
the NAFO RA i.e. in both existing and new fishing areas.
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Figure 51. Bottom fishing activity based on data submitted for 1987-2007 filtered by criteria of occurrence
(at least in least two different years) and speed (1.0-4.0 knots) (NAFO Secretariat. 2009).

In addition, a range of areas restricting or closing areas to bottom fishing have been
introduced in recent years (Figure 52).

Figure 52. NAFO VME closure areas around the Flemish cap (in yellow), a coral protection zone in
Division 3O (in orange) and six seamount closures areas (in green). The red line describes the national EEZ
of Coastal States.

The six closures applying to seamounts have been introduced in accordance with the
Precautionary Approach in order to protect likely locations of VMEs and associated (but
mostly unknown) fish species. Twelve areas mostly around the Flemish Cap have been
closed to bottom fishing on an interim basis to protect corals and sponges, the locations of
which are based on available scientific information. These will be reviewed in 2011 in light
of the results from dedicated coral and sponge monitoring programs carried out in 2009
and 2010 by CPs.
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6. Views of stakeholders in NE Atlantic deep-water fisheries.
6.1 Introduction
Deep-water fisheries in European waters are diverse, exploiting a range of stocks with
different life history strategies and being prosecuted by different types of fleets in different
geographic regions (Large et al., 2003). Deep-water fisheries are generally data poor with
only landings information but rarely scientific survey data being available. Many deepwater species are also difficult to age or age estimates are not validated. As a consequence
assessments of deep-water stocks in European waters have been mostly exploratory (Large
et al., 2003; ICES, 2008). However, fishers possess knowledge and often data suitable for
assessing stock level changes (Neis et al., 1999). Large et al. (2010) used fishers and
biologists knowledge obtained with a questionnaire survey in addition to other
information to map spawning areas for blue ling. Fishers also have quantitative
information on stock changes as many keepm tallybooks with haul-by-haul landings
information. If good collaboration between fishers and scientists can be established, these
data can be very useful (Dobby et al., 2008; Lorance et al., 2010).
Cognitive maps have provided means for collecting and comparing stakeholder views on
ecosystems, driving factors and linkages (Özesmi and Özesmi, 2003; Prigent et al., 2008).
Cognitive maps are bubble diagrams of a situation or problem, with arrows indicating the
main determining factors including their direction and influence strength and eventually
time frame. They are a powerful method for collating stakeholder views on system
linkages whose knowledge is essential. Here we present the outcomes from using
cognitive maps and questionnaires to obtain stakeholder views on regional management
and socio-economic issues and solutions for several deep-water fisheries (Lorance et al,
2010).
6.2. Stakeholder community
The first step was to identify the deep-water stakeholder community. A two-day
workshop was held in Brussels in June 2009 with a group of a priori identified stakeholders
of deep-water fisheries. Despite advertising the Workshop to all sectors, only French
fishers were present and none of the major NGOs were represented. The latter was due to
problems of staff availability. Two major outcomes of a number of participatory sessions
led during the workshop were the identification of the stakeholder community and a
SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis of the current
management regimes and fisheries assessment methodologies. The results of the SWOT
analysis are presented below.
The 15 workshop participants identified a total of 43 types of stakeholders with an interest
in three deep-water fisheries, although not all were examined in detail because of lack of
time. The 15 participants belonged to eight stakeholder groups (marked by * in Figure 53).
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Figure 53: European deep-water fisheries stakeholders at international, national and regional
levels. RFMO : Regional Fisheries Management Organisation. PO : Producer Organisation.

Each stakeholder can be considered according to their institutional characteristics and
geographical scale of intervention (Figure 53). Only three stakeholder types were
identified as important in their capacity as individuals: crewmen, consumers and citizens.
All others were considered to act as part of a publicly funded institution, a business, an
association or a NGO. The geographical scale of intervention varies between groups.
Scientists and experts and scientists may be active at both national and international levels.
Private enterprise stakeholders including the fishing industry catching sector, Producer
Organisations (POs), fish buyers, fish transporters and fish processors are active at all
levels, sometimes through multi-national vertically integrated companies. Associations
and NGOs may be involved mostly at regional level (crewmen, consumers), but the fishing
industry professional Associations and POs are organised and important at all levels, from
local to national to European.
6.3. Stakeholder opinions and management preferences
The SWOT analysis carried out during the workshop described above considered five
categories of management measures potentially applicable to deep-water fisheries: (1)
TAC; (2) effort limitation; (3) control measures; (4) technical measures and (5) spatiotemporal closures. Three types of control measure were also considered: (a) licensing, (b)
port state control, designated ports and VMS, (c) enforcement observers. All these
measures are in force to some extent in some deep-water fisheries in the NE Atlantic. The
opinions expressed are summarised in Table 18.
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Table 18. SWOT (Strengths, Weaknesses, Opportunities and Threats) of current management measures applied to EU deep-water fisheries.
Management measures
TAC

Strengths

Weaknesses

Simple and easy to allocate; simple to
monitor and control; allow to
establish track record; effective for
small fleet of large fishing vessels

Implementation stock by stock;
relationship between F and catches;
efficiency linked to effort
management; account of discards and
bycatch; discarding; monitoring and
control cost
Effort limitation (days at Adapted for mono-specific fisheries Allocation by fishery and métier;
effort is a vector several inputs;
sea, days fishing)
and on a single-gear basis; easy to
monitor and control; potentially good monitoring for passive gears; effort
track records; control; difference
as the relationship between fishing
mortality (F) and effort is believe to be between logbook effort units and
mostly linear
regulation; technical creep
Control Measures
Easy monitoring and control;
(a) Relies on a reference level;
dependent on initial allocations
(a) Licensing
(a) caps the fishery
(b) Cost
(b) Port State Control,
(b) transparent
(c) Cost; Conflicts between scientific
designated ports, VMS
(c) collection of fisheries and
biological data; validates catch data
and enforcement duties
(c) Enforcement
observers
accuracy
4. Technical measures
Easy to monitor and control
Not adapted to shape and size of deep
(gear, MLS(1), mesh size,
species; high escapees mortality
escapement devices
5.Area closures
Protection of habitat, spawning
Impact on other fisheries;
(a) Spatial aspect
aggregation, nurseries; Easy
redistribution of effort; lost
(b) Temporal aspect
monitoring and control; more
knowledge of dynamics in area;
definition of area and gear allowed
adaptive for fishers than technical
measures

Opportunities
Can be improved by taking
discards into account; can be
improved with better fishery data

Threats
Total allowable landings, not TAC;
unrealistic if based on unrealistic
assessment; does not allow for
changes in fish size distribution

Managed at international (fishery) Technical creep
rather than national level could
lead to simplification (unification);
Could be controlled; Controls fleet
capacity and therefore profitability.
(b) Improvement of fishery data;
(b) Non-compliance; IUU
industry-led improves governance;
RAC-based management; EU-led
enforcement

Regionalisation, not central control; Lack of implementation; Easy to
Shark excluding device
mitigate effects (2)
Effective in real-time (adaptive); (a) Appropriateness may change over
opportunities for sentinel fisheries. time; Non-compliance; (a)
(b) closure time can be well defined definition of closure and reopening conditions

(1) Minimum landing size
(2) Through e.g. a change in mesh size may be counter-balance by a change in trawl rigging
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To complement the stakeholder views from the workshop, a questionnaire was used to
obtain the opinions and management preferences of stakeholders. The questionnaire
included 9 multiple choices questions. Three questions were about the evolution of fisheries
in terms of catch rates and profit compared to the past and future perspective. Three
questions on management tools: those that should be changed, those that are the most
appropriate to protect deep-water ecosystems and those that are appropriate for multispecies
fisheries. Two questions were on the scope of the ecosystem impact by deep-water fisheries
and the ecosystem components impacted. The ninth question asked who should be
responsible for management. The questionnaires where distributed on a website, by email,
during a Regional Advisory Council (RAC) meeting, and also completed during face-to-face
interviews for two artisanal fisheries. Overall, forty-four questionnaires were returned with
one corresponding to the common view of several individuals from a fish owning company.
Returned questionnaires originated from two large trawl fisheries (for Greenland halibut in
the NAFO RA and the mixed demersal trawl fishery to the west of the British Isles) and three
artisanal fisheries (longline fishery for black scabbardfish off Portugal, red seabream fisheries
in Greek Ionian waters and in the Strait of Gibraltar). The results are presented for the two
trawl fisheries combined and the three artisanal fisheries separately (Figures 54 and 55)
Q1 : How are current catch rates compared to 10 years ago ?
n = 42
Similar
Worse
Better
0

5

10

15

20

25

No. responses

Q2 : How are current profits compared to 10 years ago ?
n = 42
Similar
Worse
Better
0

5

10

15

20

25

No. responses

Q3 : Do deep-water fisheries hold a better, worse or similar future as they are now ?
n = 43
Similar
Worse
Better
0

5

10

15

20

25

Trawling

RSB Greece

RSB Spain

BSF Portugal

2

6 10

No. responses

2

4

6

8

10

Figure 54. Questionnaire results : perception of current catch rates compared to past catch rate ; current profits
compared to paste profits; future fishery situation compared to current by fishery (RSB: read seabream; BSF: black
scabbardfish).
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(a)

(b)
n = 44

n = 42

Nothing should change

Other

Fuel taxing

Control of rec. fishing

Control of rec. fishing
Gear bans
Subsidies
Spatial closures

Gear bans

Seasonal closures

Spatial closures
Seasonal closures

Ind. quotas

Ind. quotas
Effort restrictions
Effort restrictions
Licensing

Licensing

TACs

TACs

0

5

10

15

0

5

10

No. responses

15

20

25

No. responses

(c)

(d)
n = 43
n = 41

Bycatch reduction devices

Other

Bycatch restrictions
Scientists
Seasonal closures

Spatial closures

Fishermen/PO

Fishing depth limits
National adms./govt.

BSF_Portugal
RSB_Spain
RSB_Greece
Trawling

Gear/practice bans

European Commission

Closure of the fishery

0

5

10
No. responses

15

20

0

5

10

15

20
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Figure 55. Questionnaire results : opinions from stakeholders for (a): management tools that should be changed,
(b): best suited management tools to protect deep-water ecosystem, (c) best suited management tool for demersal
or deep-water fisheries with bycatch/discards of protected deep-water species and (d): favoured responsible for
the management of deep-water fisheries, by fishery (see text); n: number of responses to the question, all four
questions allowed for more than one response.

Respondents engaged in the trawl fisheries considered that current catch rates were better or
similar to past catch rates (similar: 2/8, better: 6/8, worse 0/8; Q1 in Figure 54) but they mainly
considered that profits were similar or worse (better: 1/8, worse 4/8, similar: 3/8; Q2 in Figure
54). They mostly considered that the future of the fisheries will be similar or better to current
situation reflecting a viable future (better: 5/8, worse 1/8, similar: 2/8; Q3 in Figure 54).
Respondents engaged in the red seabream fisheries mainly considered that current catch
rates and profit are lower than in the past and that the future of the fisheries is not viable.
The situation was different in the black scabbardfish fishery where the present and past were
mainly considered similar and the future was predicted to be the same as the current
situation.
Respondents seemed overall dissatisfied with the current management, none responding
that no management tool should be changed (Figure 55a). Roughly one half of responses
suggested that TACs, licenses, closures and gears bans should be changed to varying dagrees
ranging from radical changes and minor adjustments. For example, some stakeholders
suggested slight TACs increases or more flexibility in the licensing scheme and seasonal
closures in the comments section. Expectedly, changes in TACs were little suggested in the
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Greek fishery where they are not a management tool (Table 19). Changes in licensing,
spatial/seasonal closures, gear ban and control of recreational fishing were favoured in the
two red seabream fisheries together with changes in TAC in the strait of Gibraltar fishery
where they apply.
Table 19. Fleet characteristics and management measures (year 2009) for deep-water fisheries covered by the questionnaire
and cognitive maps.BSF: black scabbardfish, GH: Greenland halibut, RSB: red seabream, BI: British Isles.

Fishery
Fishery
BSF
BSF
GH
French
characteristic Madeira(1) Portugal Northwest multispecies
Atlantic
trawl west
of BI
Number of
30
17
60(2)
15(3)
vessels
Mean vessels 13
17.5
60
33
length (m)
Total number 180(4)
121
1440(2)
180
of crew
Fishing gear Bottom
Bottom Bottom
Bottom
longline
longline trawl
trawl

TAC
Effort
limitation
Licences
Individual
quota system
Seasonal
closure
Spatial
closure
Banned
fishing
practice/gear
Minimum
landing size
Restriction of
recreational
fishing

*
*

*
*

*

*

RSB
Azores

RSB
Greece

RSB
Gibraltar

820(5)

280(6)

100

12

10

10

2759(5)

500

400

Handlines Longline Handlines
and
and
longline
gillnet

Existing type of management measures
*
*
*
*
*
*
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*(7)

(1) (Bordalo-Machado et al., 2009)
(2) Vessels engaged in this fishery may also prosecute other fisheries
(3) 50 vessels (served by 450 crews) are licensed to this fishery. In recent years, 15 vessels (served by an estimated 180 crews)
landed 95% of the French landings for deep-water species
(4) Assumed 6 per vessel based upon the number of crew for mainland Portugal vessel of the same size (Gordo et al., 2009).
(5) Total number of vessels and crew in the Azores, Portuguese national statistics, 2009.
(6) Vessels practising RSB target fishery on a seasonal basis, an additional 1100 vessels catch the species as by-catch
(7) The use of nets is restricted. Longline and handline are allowed, with a maximum catch of 5 kg per day

Overall, a majority of respondents considered licensing, effort restrictions, spatial/seasonal
closures and gear bans suitable to protect the ecosystem. Control of recreational fishery also
obtained a high score in the fisheries for red seabream, whose juveniles are seasonally coastal
(Figure 53b). Expectedly, catch control (TACs and individual quotas) obtained low scores
reflecting that they were understood as fishery resources management tools and are not
ecosystem based.

204

The technical measures thought to be most suitable by respondents from trawling fisheries in
the case of mixed demersal and deep-water fisheries with bycatch/discards of protected deep
water species were reduction of bycatch/discards to an agreed and bycatch reduction devices
level (respectively 6 and 5 out of 9 responses; Figure 53c). Respondents from artisanal
fisheries suggested mostly banning of certain fishing practices (22/35 responses), spatial
and/or temporal closures (19/35), by-catch restriction measures and/or bycatch reductions
devices (19/35).
The impact of deep-water fishing activities was mainly considered large (insignificant: 7/43,
medium 12/43, large: 20/43, irreversible/permanent: 3/43;). An large impact was mainly
expressed by respondents from the Greek (6/10) and Gibraltar (12/18) red seabream fisheries.
It is unclear whether these replies were given in the perspective of deep-water fishing in
general or with reference to stakeholders' own regional experience. Respondents from the
trawling fisheries mainly considered the impact medium (insignificant 2/9, medium 5/9,
large 2/9).
A question on impacted ecosystem components returned expectedly cold-water corals as the
main impacted ecosystem component (marine invertebrates 16/43, non-commercial fish
species 20/43, corals 23/43, seabed 19/43 other 4/43). Nevertheless, as for the preceding
question, responses may have been given in a general rather than a fishery-based perspective
as it was specified in the comment section by some questionnaires that the impacted
components depended upon the fishing gear. Stakeholders from trawl fisheries mentioned
the seabed as the most impacted ecosystem component. The comments reported a "very
small quantity" [of coral] in one questionnaire and that the fishery was now restricted to a
low number of vessels owing to the introduction of the EU regulation and that no new
fishing grounds had been explored in recent years, therefore no new habitat disturbance had
occurred.
Self management by fishermen was the overall favoured management scheme (20/43).
Scientists, national government/administration and the European Commission received
scores of 10 to 12 out of 43, Figure 53d). The comments attributed to the "other" reply (n=13)
called for some combination of the proposed management authorities (6/16), management at
a regional level (6/16), more involvement of RACs (2/16) and the creation of a separate
Ministry of Fisheries (1 reply from the Greek fishery).
6.4. Stakeholder system perceptions
A second one-day stakeholder workshop was held in Lisbon in December 2009. It was
attended by 21 stakeholders including Spanish and Portuguese fishers and catching sector
representatives (n=7), Portuguese national and regional administration and government
representatives (n=7), NGO representatives acting at international and regional levels (n=3),
scientists (n=3, excluding scientists organising the workshop) and others (n=1). Cognitive
maps were used for soliciting stakeholder' views on driving factors and regional
management issues for four deep-water fisheries they were involved in: (i) the black
scabbardfish fisheries around Madeira and (ii) off mainland Portugal, (ii) Greenland halibut
in the Northwest Atlantic and (iii) red seabream around the Azores. These fisheries are
diverse in terms of number of vessels, vessel size, gears etc. (Table 19). Each map was drawn
by one or several individuals belonging to the same stakeholder group as identified above.
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Thus, two maps were produced for the black scabbardfish fishery around Portugal, one by
three NGO representatives and one by four stakeholders from the catching sector. Each
group had a scientific facilitator who did not intervene in the drawing process, neither for
defining variables (bubbles) nor connections. The drawing session took 1 1/2 hours. Two
additional groups formed by scientists and a fisheries consultant drew generic fisheries
maps, which are not considered here. In addition to the sign of connections (arrows),
stakeholders were asked to mark their strength as low (1), medium (2) or high (3) and the
time frame (1: within a year, 2: 1-10 years, 3: >10 years).
The five cognitive maps were analysed in terms of number of variables (N), number of
connections (C), density (D=C/[N(N-1)]) and number of conceptual categories present. The
variables were grouped into nine conceptual categories: ecosystem, fisheries, management
system, management measures, other factors, other fisheries, socio-economy, stakeholders
and stock. The average strength of connections per category and their time frame was
calculated. The variables influencing negatively each fishery or stock are considered as
problems while those influencing positively are considered to indicate solutions. Both are
management levers if they can be manipulated by management actions.
Figure 56 shows the cognitive maps for the NW Atlantic Greenland halibut fishery (Figure
56a) and the black scabbardfish fishery around Madeira (Figure 56b) as examples. The maps
were redrawn to group variables by conceptual categories. The fishery was already in a
central place in both maps. For clarity the strength of connections and the time frame were
removed. In both maps a number of variables influence the fishery. Note that the sign of
impact depends on the wording of the variable. For example in Figure 56b "Low price" has a
negative impact on the fishery while "Price" would have a positive impact. The complexity of
the management system and management measures in the map for the Greenland halibut
fishery is rather striking.
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Figure 56. Cognitive map for (a) deep-water trawl fishery for Greenland halibut in the NW Atlantic and (b)
longline fishery for black scabbardfish around Madeira

The number of variables in the cognitive maps ranged from 9 to 22 and the density of
connections from 0.08 to 0.25 (Table 20). The number of conceptual categories varied
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between maps with seven or eight variables being represented by conceptual categories in
four of the maps and only four conceptual categories in that drawn for the red seabream
fishery of the Azores. This later map had the strongest connections (average 2.9). The
average time frame of connections was two or more (i.e. more than one year), meaning that
effects were assumed by the stakeholders to be medium or longer term. Considering
connection strength by conceptual category across maps it appeared that on average the
stock and management measures were seen to have the largest impact on each fishery
(average 2.5 and 2.4 respectively) while the ecosystem (2.0), stakeholders (2.05) and the
fishery itself (2.09) had the lowest.
Table 20. Indices for cognitive maps drawn by stakeholders for a selection of deep-water fisheries. BSF: black
scabbardfish; GH: Greenland halibut; RSB: red seabream.
Stock

Fishery

Stakeholder1

Particip No
ants
Categories

No
Variable
s

No Connections

BSF Madeira
BSF Portugal
BSF Portugal
GH NW Atlantic
RSB Azores

longlines
longlines
longlines
trawl
longlines
and nets

Admin
NGO
Catch
Catch
Catch

1
3
4
2
1

17
14
20
22
9

22
39
33
41
18

7
8
7
7
4

No Connections
without
sign (2)
6
8
6
3
0

Density

Mean
strengt
h

Mean
time
frame

0.08
0.21
0.09
0.09
0.25

2
2.2
2.3
2.3
2.9

2
2.2
2.3
2.3
2.9

(1)Admin:

national government and administrative services; NGO: non governmental organisation; Catch: Fishing industry
catching sector
(2) Number of connections for which the sign of the impact was not determined, thought to depend on the time frame
considered or other factors.

Considering the direct or indirect impact of each variable on the fishery or the exploited
stock, a number of measures that might positively influence the fishery were collated (Table
21). The management measures differ somewhat between stocks, though spatial closures and
gear selectivity are recurrent themes.
Table 21. Potential management levers derived from cognitive maps drawn for stocks by stakeholder groups.
BSF: black scabbardfish; GH: Greenland halibut; RSB: red seabream.
Stock
BSF Madeira

BSF Portugal
GH Nafo
RSB Azores

Possible management levers for improving fishery conditions
knowledge of life cycle (increase), temporal closure (during spawning season), sequential fishing
(modify juveniles fished elsewhere), prefer nearby fishing grounds, contaminants (reduce), allow
for regional management measures
bycatch in all fisheries (reduce), subsidies (reduce), spatial closure, fleet size
crew availability (increase), imports (reduce)
spatial closure (juveniles), gear selectivity (hook size)

6.5. Discussion
The paper demonstrates how qualitative and quantitative stakeholder knowledge and views
can be collected and used to complement other data sources, which is essential in data-poor
situations such as those for deep-water stocks. Another important benefit is the involvement
and dialogue with stakeholders, which this offers. Building trustful relationships with
stakeholders and in particular the fishing industry can be laborious, time consuming,
conflictual and fragile as shown by the example of the Irish orange roughy fishery recounted
in Shephard et al. (2007). Despite the recent progress in formalising stakeholder involvement
on the European and national level (Pita et al., 2010), there is still a need for the development
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of methods allowing structured and large scale involvement of stakeholders beyond
representatives participating in various consultative bodies, e.g. RACs.
SWOT analysis, cognitive maps, questionnaires or face-to-face interviews are suitable
methods for soliciting opinions and structuring the consultation process. The results
presented here using these methods involved only a small number of the identified
stakeholder groups of deep-water fisheries, so the views are not necessarily representative of
all groups nor of all individuals within groups but rather indicative. However, they can form
the basis for wider scale consultation.
The SWOT analysis was based upon discussions of a small set of stakeholders having a wide
view of fishery issues, an extensive experience of management at national and international
level and scientific expertise. Questionnaires were filled in mostly by fishers involved in
regional fisheries. A few individuals, from the French fishing industry contributed to the
SWOT analysis and also replied to the questionnaires.
The management tools most favoured by fishers responding to questionnaires (licensing,
effort, closures and gears bans) are consistent with the SWOT analysis. Weaknesses
identified for licensing was the reliance on a reference level and initial allocation. With
respect to licensing, the initial licence allocation was made some years ago in the trawling
fisheries and Portuguese black scabbardfish fishery. For red seabream fisheries, currently
without licensing scheme, involved fishermen may expect that they would be granted a
licence while the scheme would restrict bycatch in other fisheries. Clearly, stakeholders
already or potentially excluded by the licensing scheme were not part of our consultations.
This also explains that only a small proportion of stakeholders from trawling and the
Portuguese black scabbardfish fisheries suggested that licensing should be changed. The
same stakeholders were more favourable to changes in TACs and effort restrictions for both
of which the issue is the level. It is worth noting that although implementation of closure is a
clear conflicting issue between managers and the fishing industry in general, spatial and
seasonal closures were identified as suitable management measures to protect the ecosystem.
The overall consistency of the SWOT analysis and questionnaire replies suggests that issues
with management of deep-water fisheries are rather at the implementation than at the
conceptual level. Lastly, the SWOT analysis examined management measures one at a time
and the stakeholders involved in the analysis considered that the weaknesses identified may
be remedied to some extent as measures are used together.
An important outcome of the stakeholder consultation was the diversity of deep-water
fisheries reflected in the diversity of opinions on suitable management measures as well as in
which factors were considered important. An approach of "one size fits all" was not seen as
satisfactory by the consulted stakeholders. The SWOT analysis suggests that no single
management tool can be sufficient. Questionnaires and cognitive maps support this view
and further suggest that a different combination of management measures is suitable at
fishery/regional level. Altogether, the three approaches also reflect that deep-water fisheries
interacted with other fisheries at a number of levels: technical (allocation of effort), spatial
(area closure implemented for deep-water fisheries management may impact other fisheries)
and biological. For example, red seabream fisheries interact with coastal and even
recreational fisheries because juveniles of this species are coastal. Although not shared by all
deep-water species, the occurrence of the juvenile life stage in shallow or shelf waters is not
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rare and is also known for blue ling and greater forkbeard (Phycis blennoides). As a result,
stakeholders suggested management measures for recreational fisheries, a type of measure
that was not mentioned in the SWOT analysis.
Cognitive maps allow determining elements and interactions to be identified. By nature, they
might include some subjectivity. Their analysis may also include some misunderstanding of
the intended message and should therefore include a feedback with the same stakeholders,
which was not carried out here. As identified by stakeholders in this study, the sign of some
interaction may change with the time frame, e.g. a TAC reduction would negatively impact a
fishery in the short term by reducing incomes but have a positive impact in the long term if it
brings sustainability.
In the EU context, the use of stakeholder knowledge and data can be regarded as steps
towards some proposals included in the Green Paper on the Reform of the Common
Fisheries Policy (Brussels, Com 2009, 163 final).
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