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Executive summary  

The pelagic realm of the oceans – the water column – is the largest biological environment on 
Earth. Marine conservation efforts directed at this environment tend to operate in one of two 
ways. Actions are either focused on particular species, and apply wherever these species occur, 
or they are focused on regulating human activities. In both cases there may be a spatial 
dimension to the conservation actions.  
 
The idea of bringing spatial management measures for the pelagic environment together under 
the framework of a ‘Marine Protected Area’ has been receiving some attention in recent years. 
This is a conservation tool that is used widely in coastal areas, where it is applied to the seabed 
and overlying water column. The value and feasibility of using such a tool for the conservation 
of pelagic biodiversity is less well known and less widely applied.  
 
There are many questions and issues to be explored about pelagic Marine Protected Areas 
(MPAs). This report focuses on ecological questions about pelagic MPAs and, in particular, 
whether such a conservation tool could benefit marine biodiversity in the pelagic environment 
in the North-East Atlantic. 
 
For MPAs to be useful tools in the protection of pelagic habitats and species, it must be possible 
to identify key locations in the pelagic environment and to show that measures directed at these 
places and the associated species will benefit biodiversity. Important issues are the extreme 
mobility of many pelagic species, the temporal nature of some pelagic habitats, the fact that 
habitats may move or only be important at certain times of year, and the scale of some of these 
habitats. 
 
The review of scientific literature carried out for this report and the examples given show that 
places with distinctive attributes can be identified and recur in the pelagic environment, 
although some do change over space and with time. Such features occur in the North-East 
Atlantic. Scientific studies have also revealed how pelagic species distributions and predator-
prey dynamics are associated with such places in the North-East Atlantic as well as other ocean 
areas. Some pelagic species exploit predictable regions, using them as nursery areas, spawning 
grounds, foraging regions and migration routes. 
 
As with MPAs in other environments, the management measures in pelagic MPAs can be 
designed to protect species within the reserve and therefore benefit those individuals directly. 
Such MPAs could be focused on a single species at a particular stage of its life cycle or many 
species that congregate in one place. On the other hand, protection of pelagic habitats using 
MPAs will be difficult, if not impossible, because such habitats are influenced and created by 
physical processes that operate on a scale much bigger than most MPAs (such as ocean basins).  
 
Pelagic MPAs are therefore likely to be most suitable for the protection of species rather than 
habitats, and only for certain species. The best locations (which may overlap) are likely to be 
those that include areas of high ocean productivity, prey concentrations and top predator 
foraging grounds, as well as critical habitats for particular species. There is also the potential 
added benefit of supporting the function of the ecosystem by protecting species in such areas. 
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There are many scientific, technical and legal challenges to be addressed in establishing and 
operating effective MPAs in the pelagic environment. As the examples included in this report 
show, these challenges are not insurmountable. However, if MPAs are to be used to support the 
conservation of pelagic biodiversity, the process needs to be underpinned by more science, the 
use of technology and a sound legal footing.  
 
MPAs are unlikely ever to be sufficiently large or widespread to safeguard the biodiversity of 
the pelagic environment, but they could be a useful tool working alongside other management 
tools. They offer a practical way of bringing together a range of measures, focused on a 
geographic area, for single and multi-species benefit. They could also contribute to MPA 
networks by ensuring that species are protected in habitats critical for their survival even when 
such locations are in the pelagic environment.  
 
Given the overall conclusion of this report – that MPAs have the potential to be of genuine 
benefit to marine biodiversity – the next step is to improve our understanding of where and how 
they might benefit. It would then be critical to determine how we might make them work in 
practice in the North-East Atlantic and around the British Isles. A number of recommendations 
have been made to start this process. 
 
Finally, it should be noted that this report has looked at pelagic MPAs in relative isolation 
because they have been given so little attention in the past. In practice, they should be linked 
with MPAs in other environments to make a network of protected areas. They should also be set 
in the wider context of management measures for the marine environment as a whole. 
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1 Introduction 

The volume of the world’s oceans has been estimated at around 1,370 million cubic kilometres 
(Couper, 1983). This huge water mass, in its broadest sense, is known as the pelagic realm of 
the oceans and the largest biological environment of the Earth.  
 
Marine conservation efforts directed at the pelagic environment tend to operate in one of two 
ways. In some cases, actions are focused on particular species, and apply wherever these species 
occur. The best-known examples are conservation measures relating to cetaceans and fish. In 
other cases, human activities are the main focus and are regulated by anything from a general 
duty of care to specific requirements such as those concerned with the exchange of ballast water 
or disposal of garbage at sea.  
 
In both situations there may be a spatial dimension to the conservation actions. Speed 
restrictions may apply to vessels operating in areas known to be frequented by cetaceans, in 
order to avoid collisions; particular fisheries management measures may apply in defined 
‘fisheries boxes’; and there are different regulations concerning the disposal of garbage at sea in 
defined geographic areas. 
 
The idea of bringing together spatial management measures for the pelagic environment under 
the framework of a ‘Marine Protected Area’ has been receiving some attention in recent years. 
This is a conservation tool that is used widely in coastal areas, where it is applied to the seabed 
and overlying water column. The value and feasibility of using such a tool for the conservation 
of pelagic biodiversity is less well known and less widely applied.  
 
There are many questions and issues to be explored about pelagic Marine Protected Areas 
(MPAs). These range from establishing whether MPAs can benefit pelagic wildlife, through to 
practical questions about how they might be designated and how any associated management 
measures could be enforced.  
 
This report focuses on ecological questions about pelagic MPAs and, in particular, whether such 
a conservation tool could benefit marine biodiversity in the pelagic environment of the North-
East Atlantic. 
 

2 The pelagic environment 

2.1  AN OVERVIEW 

The pelagic environment, with its associated free-swimming and floating marine life, comprises 
the majority of the oceans’ water mass. It is by far the largest part of the oceans and is generally 
divided into two regions. A small proportion (around 8%) lies over the continental shelf and is 
therefore relatively shallow. This is the neritic zone which, because it is close to land, has a 
higher sediment and nutrient load compared to offshore waters. The oceanic zone lies over the 
ocean basins and makes up around 92% of the pelagic environment (Kaiser et al., 2005).  
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The marine communities that inhabit the pelagic environment are classified according to depth 
zones, characterised by differences in light levels, temperature, pressure and availability of food 
(Figure 1). A further division is made to distinguish regions where light penetrates (the photic 
zone) from the dark ocean (aphotic zone).  
 
Figure 1. Marine biological zones of oceans and seas (courtesy of Dr Martin Angel) 

Schematic diagram showing bathymetric zonation of pelagic fauna in the deep ocean. Source: Angel (1997) 

 
 
 
There is sufficient sunlight in the epipelagic zone to support photosynthesis but it is a relatively 
shallow region compared to the full depth of much of the ocean. Animals in the mesopelagic 
zone, which extends through depths of about 200-1,000m, depend on their food supply sinking 
from the surface, or they migrate daily into the upper layers to feed. The bathypelagic zone 
supports fewer species, and the already sparse fauna decreases still further in the abyssopelagic 
zone except in the region close to the seabed.  
 
While some species are confined to specific zones, others move between them at different 
stages of their life cycle. They may also move between zones to escape predators or to find 
prey. Pelagic food webs therefore link species that inhabit these different regions of the open 
ocean. For the same reasons, there are also interconnections with species that are largely 
confined to the seabed.  

 

2.2 CHARACTERISTICS OF THE PELAGIC ENVIRONMENT 

The pelagic environment is highly dynamic. Huge volumes of water move around with the tides 
and currents, physical properties such as temperature can change rapidly, and productivity 
fluctuates daily and seasonally, as well as in response to longer cycles such as El Niño. The 
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movement of pelagic fauna, both vertically through the water column and across vast distances 
of ocean, adds to this dynamism.  
 
The pelagic environment is also far from uniform. Physical properties, productivity and other 
characteristics vary in space and over time, making it very heterogeneous, with a patchiness that 
can be seen at a variety of scales (see Table 1, below). Pelagic animals respond to these 
differences by seeking out areas where prey are concentrated, dispersing as larvae or juveniles 
with ocean currents and migrating to take advantage of favourable conditions in different 
regions of the world’s oceans.  
 
Physical processes exert a major control on the biology of pelagic ecosystems. This physical-
biological coupling exerts itself in many ways: through the movement and meeting of different 
water masses, the depth of the mixing layer, and the persistence of upwellings, to name a few. 
These physical factors then influence the productivity of the pelagic environment, the 
persistence of productive regions and the species mix in these regions.  
 
Interconnections between the pelagic environment and other ecosystems are also important in 
understanding the characteristics of this environment. Close to land, terrestrially derived 
sediments and nutrients are carried into the oceans, affecting the physical and chemical 
properties of pelagic waters. There are connections between benthic and pelagic environments 
(bentho-pelagic coupling) in relation to species that may move between these habitats at 
different stages of their life cycles – physically through sediment deposition and chemically 
through nutrient cycling. Activity in the atmosphere is also a major influence. The strength and 
position of westerly air flows across the North Atlantic (described by the North Atlantic 
Oscillation index) ultimately affects sea temperature, heat fluxes and wave heights, storm tracks 
and patterns of evaporation and precipitation, and is believed to play a key role in controlling 
oceanic ecosystems (OSPAR 2000a).  

 

2.3 SPATIAL AND TEMPORAL STRUCTURE IN THE PELAGIC ENVIRONMENT  

The pelagic environment may appear featureless but this is far from true. There are recognisable 
structures both within the water column and across the ocean. They can be seen on a variety of 
scales and can persist over time periods ranging from hours to decades.  
 
At a global level, ocean zones, provinces and biomes have been described based on physical, 
chemical, biological and ecological characteristics such as temperature, salinity, depth of mixing 
layer, and productivity. The best known of these are probably the biogeochemical provinces of 
the oceans based on pelagic surface production patterns as defined by Longhurst (1998). In the 
North-East Atlantic region covered by the OSPAR Convention, Dinter (2001) suggests a 
classification that defines an Arctic region and an east Atlantic temperate subregion for water 
depths less than 1,000m (Figure 2). 
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Figure 2. Biogeographic classification of the pelagic (<1,000m depth) OSPAR Maritime Area (Figure 
104 from Dinter, 2001) 

                                 
 
Circulation features in the form of currents have been described at a global level (the 
thermohaline circulation or “global conveyor belt” that connects all the world’s oceans), as well 
as within ocean basins. In the North-East Atlantic, the warm North Atlantic Drift is the 
dominant surface current, which cools and sinks before moving southwards as a deep water 
current. The East Greenland Current is a cold water surface current that brings polar and Arctic 
water southwards (Figure 3).  
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Figure 3. Selected surface current patterns and oceanic fronts in the North-East Atlantic (Figure 15 
from Dinter, 2001) 

                                
 
In oceans and seas it is possible to distinguish bands within the water column representing 
different water masses. These are characterised by differences in physical and chemical 
properties such as salinity, temperature and dissolved oxygen levels. Superimposed on this is a 
pattern of vertical stratification where wind and wave action is not strong enough to mix the 
warmer waters of the surface with cooler deeper waters. The surface waters become isolated by 
a thermocline at the mixed layer depth. In shallower waters, where there are strong tidal 
movements, the sea remains mixed throughout the year. These differences – together with 
fronts, eddies and upwellings (see Box 1) – help to structure the pelagic environment on both 
spatial and temporal scales.  
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Box 1 . Definitions of a variety of pelagic features 

Fronts: Distinctive oceanographic features that mark the boundaries between water bodies with 
different characteristics. They can form at salinity boundaries or where there are temperature 
differences between two water masses. They may also be caused by topographic features both 
above and below the surface. They best-known examples are tidal fronts, shelf-break and upwelling 
fronts. Fronts have also been described in the open ocean (Owen, 1981). 
 
Eddies: Localised zones of horizontal water circulation in a relatively close system where vertical 
motion is induced or sustained. Cyclonic eddies are characterised by cool core temperatures and 
upward vertical movement of water. The core of anticyclonic eddies is warm, and vertical movement 
of water is downward (Owen, 1981) . 
 
Upwellings: Regions where water moves from relatively deep in the ocean into the photic zone. They 
can occur as a result of the deflection of deep currents when they meet an obstacle such as a mid-
ocean ridge, the movement apart of two water masses, or when water is driven away from a 
coastline by wind action creating a ‘hole’ that is filled by water being drawn to the surface (Barnes & 
Hughes, 1982).  

 
Scale is an important consideration when describing the pelagic environment. Biological 
patterns and physical features such as those described above occur over a range of spatial and 
temporal scales (see Table 1). Mobility is another consideration, with some features being 
relatively static and others highly mobile. The pelagic environment off the Iberian coast is a 
good place to see this dynamism in the form of large, persistent and mobile features. 
Mediterranean water moving out into the Atlantic flows along the western Iberian continental 
slope as well as out into the North-East Atlantic. Structures within the water column (mesoscale 
Mediterranean Water Eddies or “meddies”) form and carry detached bodies of Mediterranean 
Water across the Atlantic. They have typical diameters of 50km and vertical extents of 600-
800m. One such example, Meddy Pinball, which was studied in 1994, was a distinctive feature 
for at least seven months, moving 550km over 204 days (OSPAR, 2000b; Pingree, 1995).  
 
Table 1. Persistence and scale of a variety of pelagic features 

Feature Persistence Scale 

Upwellings Seasonal or permanent 10s-100s km 

Eddies Days to months 10s-100s km 

Fronts Seasonal or permanent 10s-100s km 

Currents Centuries 100s-1,000s km 

 
A recent study of the Irish Sea shows how both spatial and temporal data can be used to classify 
“water column marine landscapes”. This was done by combining biological characterisation 
using five key features of the plankton community with stratification and salinity data sets to get 
an overview of pelagic regions in the Irish Sea (Vincent et al., 2004). The resulting map shows 
four different water column types along with a number of permanent and seasonal fronts  
(Figure 4). 
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Figure 4. Marine landscapes (water column types) in the Irish Sea described by the Irish Sea pilot 
project on marine nature conservation and sustainable development (Vincent et al., 2004).  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

2.4 MARINE LIFE 

There are two major divisions of marine life in the pelagic environment: floating organisms 
(plankton) and free-swimming organisms (nekton). Species may also move between these 
divisions as well as between benthic and pelagic environments at different stages of their life 
cycle. The following brief introduction to some of the main groups of pelagic marine life in the 
North-East Atlantic is based on the OSPAR Quality Status Reports.  
 
Plankton  
Plankton occur throughout the oceans but are most abundant and productive in the photic zone. 
In temperate latitudes, phytoplankton proliferate in spring in response to increasing sunlight and 
availability of nutrients. Increases in zooplankton biomass follow as they feed on the 
phytoplankton in a seasonal cycle. There is a second peak in the autumn, although not as 
marked. Since the late 1980s, the biomass of phytoplankton in the North Atlantic surveyed by 
the Continuous Plankton recorder have shown an increase throughout the seasonal cycle rather 
than being restricted to the spring and autumn bloom periods (Edwards et al., 2006).  
 
There are around 1,000 named species of phytoplankton in the central and eastern North 
Atlantic (OSPAR, 2000a), but the pattern of distribution has been changing. There has been an 
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increase in the presence of warm-water/subtropical species in the more temperate areas of the 
North-East Atlantic over a recording period that started in 1958 (Edwards et al., 2006). These 
changes are particularly clear in the North Sea plankton assemblages, where the data shows 
warm water species moving north and cold water plankton moving out of the North Sea 
(Beaugrand et al., 2002).  
 
The greatest number of zooplankton species in the North-East Atlantic occur at around 1,000m 
depth, but the biomass is greatest in the epipelagic zone. Zooplankton is the main source of food 
for pelagic fish, and for all fish in their early stages of life. In shelf seas, larval stages of benthic 
organisms may be an important component of the zooplankton during spring and summer 
(OSPAR 2000a).  
 
Fish and squid 
There are 589 pelagic species of fish known from the whole of the North Atlantic (Merrett, 
1995). Some migrate large distances between feeding, spawning and over-wintering areas. This 
is particularly the case for large carnivorous fish such as sharks, tuna, marlin and swordfish, 
which tend to be fast swimmers as well as being highly migratory. The larvae of many 
commercially important fish species of the North-East Atlantic disperse into the open ocean 
from their spawning grounds at the continental shelf and in estuarine areas (OSPAR 2000a).  
 
The largest known fish, the whale shark, occurs in the North-East Atlantic around the Azores, in 
association with tuna shoals; the second largest, the basking shark, has a range in the North-East 
Atlantic from Norway to the French coasts and is seen in spring and summer feeding on 
plankton near the surface (OSPAR 2000c).  
 
Squid are very abundant in the Atlantic but are difficult to sample, so their biology in the wild is 
poorly known. They are of considerable ecological importance as predators and as a food source 
for some whales, fish and seabirds. The majority have annual life cycles and some have the 
highest known growth rates (OSPAR 2000c).  
 
Marine mammals 
There are more than 70 species of cetacean worldwide. Most of the large cetacean species are 
baleen whales. This includes the blue whale, which can grow to 30m. Many large cetaceans 
travel long distances every year between summer feeding grounds in polar waters and wintering 
grounds in the tropics. In general, baleen whales seem to live in small social groups, although 
these can join to form very large herds. The largest of the toothed whales is the sperm whale and 
the smallest are dolphins and porpoises, which may be less than 2m in length. Some of the latter 
species may remain within a relatively small area ranging over tens of kilometres, while others 
migrate long distances between summer feeding grounds and wintering areas. They may live in 
small groups, alone or in schools of several hundreds (Klinowska, 1991). Thirty-two species 
have been recorded in the North-East Atlantic (OSPAR 2000c). 
 
Turtles 
Most species of turtle have a range in tropical or subtropical waters, but some undertake long 
migrations using the warm current of the Gulf Stream and occur in the North-East Atlantic 
(OSPAR 2000a). Adult leatherback turtles are regularly recorded in cool temperate waters 
around the world and their occurrence in UK waters is almost certainly the result of a deliberate, 
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migratory movement (English Nature, 1999). Elsewhere in the North-East Atlantic, five species 
of turtle have been recorded off the Azores, but of these only the loggerhead turtle is common. 
Genetic studies have linked these loggerheads with populations that breed in Florida and the 
Caribbean (OSPAR 2000b). 
 
Birds 
Seabirds are not part of the pelagic fauna, but some species spend virtually their whole lives 
foraging, feeding and resting at sea and are totally dependent on marine food resources. In the 
North-East Atlantic, petrel and shearwater are among the most pelagic species. They feed on 
squid, plankton and small fish while in flight, sitting on the surface or plunge diving. Some of 
the seabirds that take pelagic species feed near the surface at night, taking advantage of the 
vertical migration of plankton. Others target prey forced to the surface by large predators such 
as dolphins and tuna.  
 
 

3 Biodiversity conservation in the pelagic 
environment 

3.1 ENVIRONMENTAL CONCERNS 

The pelagic environment has been exploited by humans for centuries and the scale and extent of 
exploitation has grown dramatically in this time. The change is most evident in the rise of 
commercial fisheries – from the exploitation of cod and whales in the Bay of Biscay by the 
Basques in the 12th century to the European herring fisheries that were important until the early 
20th century. Large pelagics such tuna and swordfish, as well as smaller species such as herring 
and pilchard, have been targeted by commercial fisheries. Today, pelagic species are hunted 
across the oceans and the scope of fishing has broadened from targeting epipelagic species of 
the uppermost layers of the ocean to benthopelagic species (those that swim freely and 
habitually near the ocean floor) (Figure 5). 
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Figure 5. World landing of pelagic fish species (FAO)1

  
 
Despite the vastness of the pelagic realm, it is possible to see the impact of human activities. 
The clearest documented effects to date are those associated with commercial fishing (Box 2 
gives some examples). From the great whales to bluefin tuna and European herring, fishing has 
resulted in a dramatic reduction in the populations of some pelagic species and driven others 
close to extinction. Top predators have been depleted and changes in the structure and function 
of pelagic ecosystems have resulted (Verity et al., 2002; Ward and Myers, 2005).  
 
Species that are not the main target of fishing activity are also taken as bycatch or incidental 
catch. Pelagic examples include turtles, which are known to get caught in tuna drift nets and on 
the hooks of surface longlines that are used to catch swordfish (Ferreira et al., 2001). Pelagic 
sharks such as the blue shark, shortfin, mako, thresher and tope, are taken as incidental catch in 
swordfish and tuna fisheries (e.g. Megalofonou et al., 2005).  
 

Box 2. Examples of the impacts of fishing on pelagic species  

Commercial whaling is believed to have reduced global whale biomass by around 80%. Before 
hunting started in the 17th century, the population of the Spitsbergen stock of the bowhead whale 
was estimated to be about 25,000. Today there are thought to be fewer than 100 individuals. Tens of 
thousands of northern right whales were targeted by the whaling industry. Today the North-East 
Atlantic population of this species is believed to be close to extinction (Zeh et al., 1993).  
 
Declines to around 10% of pre-industrial levels have been calculated, and are likely to be 
conservative, for some species groups such as sharks which have been reduced to around 1% in 
some cases (Myers and Worm, 2005). 
 
An investigation into pelagic fish communities in the tropical Pacific reveals significant reductions in 
abundance and body mass of large predators, and changes in the species composition of the pelagic 
fish community since the 1950s. The advent of industrial longline fishing coincided with these 
changes (Ward and Myers, 2005, Figure 6).  

 

                                                      
1 http://www.fao.org/DOCREP/003/W3244E/w3244e05.htm 
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Figure 6. Change in biomass of the pelagic fish community (figure 6 from Ward and Myers, 2005) 

 
 
Each bar represents one species. The height of each bar is scaled to the abundance index and its 
width is scaled to mean body mass. The four most abundant species in the 1950s are labelled. 
Shading and order in which each species is shown are the same for both periods.  
Shipping is also a major activity that can affect the pelagic environment and its wildlife. The 
main associated environmental issues for pelagic wildlife are the input of hazardous substances 
from cleaning tanks, burning fuel containing waste products, antifoulants containing biocides, 
releases of wastewater, the loss of cargo and dumping of litter.  
 
Another type of pollution that has an environmental impact on pelagic fauna is noise. The main 
sources are vessel traffic, seismic surveys, and Low Frequency Active Sonar (LFAS) used by 
the military. Short-term changes in the behaviour of cetaceans (such as feeding, socialising and 
diving) as a result of human introduced noise have been well documented, and it has been 
suggested that the ability of great whales to communicate across ocean basins has been reduced 
by orders of magnitude (Simmonds et al., 2004). Long-term impacts on cetaceans, such as the 
effects of stress, are harder to observe but could be apparent for example as displacement from 
preferred habitats.  
 
The introduction of alien species is another environmental concern relevant to the pelagic 
environment. Placing harmful aquatic organisms in new environments via ships’ ballast waters 
and other vectors has been identified as one of the four greatest threats to the world’s oceans2. A 
very well known example is that of the North American comb jelly Mnemiopsis leydii, which 
was introduced into the Black Sea and Sea of Azov in the 1980s. Mnemiopsis became very 
abundant and fed on zooplankton including fish larvae, and is believed to have been responsible 
for the collapse of the anchovy population. Since 1997, another inadvertent introduction – the 
comb jelly Beroe ovata – has been feeding on Mnemiopsis and resulting in a significant 
reduction of this first alien species.  
 
Around the British Isles, the diatom Coscinodiscus wailesii was first reported in the English 
Channel in 1977. This species is thought to originate in the Indian and Pacific Oceans and is 

                                                      
2 http://www.ices.dk/marineworld/alienspecies.asp 
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now widely distributed in the North Sea, where there do not appear to be any natural predators. 
The slime-producing blooms clog fishing nets and can blanket the seabed (Edwards et al., 
2001). 
 
Changing conditions associated with climate change are likely to dwarf the environmental 
concerns described above in terms of scale, extent and implications. The effects range from 
changes in sea temperatures, increasing acidity of the oceans, shifts in the distribution of 
species, and breakdown or changes in the global ocean circulation pattern (Houghton, 2004). 

 

3.2 LEGISLATION, POLICY AND MANAGEMENT TOOLS 

The 1982 UN Convention on the Law of the Sea provides the global framework for regulation 
and management of activities taking place in the oceans. The Convention addresses many issues 
relating to the use and conservation of the oceans and its resources, as well as requiring that the 
various rights embodied in the Convention are exercised under the conditions laid down by the 
Convention and other rules of international law (Young, 2003). These conditions include the 
obligation to protect and preserve the marine environment, to conserve natural resources and to 
cooperate with other states in this regard3.  
 
Global conventions and agreements specifically concerned with biodiversity conservation also 
provide a legal framework in which to develop pelagic conservation initiatives. The 1972 World 
Heritage Convention; the 1992 Convention on Biological Diversity; and the declaration of the 
2002 World Summit on Sustainable Development are key examples.  
 
At a regional level, the Convention for the Protection of the Marine Environment of the North 
East Atlantic (OSPAR) and the Agreement on the Conservation of Small Cetaceans of the Baltic 
and North Seas (ASCOBANS) are particularly relevant to the UK, as are measures adopted by 
the EU such as the Water Framework Directive, Habitats Directive and Birds Directive. The 
developing EU Marine Strategy may also result in some legal obligations for environmental 
measures in the future.  
 
Within territorial waters and Exclusive Economic Zones, maritime nations have national laws, 
policies and management tools to support marine conservation and reduce the impacts of human 
activity – including the Oceans Act of Canada, the National Marine Sanctuaries Act in the US 
and the Conservation (Natural Habitats) Regulations in the UK. 
 
Efforts to reduce the impacts of human activity on the marine environment using legislation, 
policy and management tools are generally directed at particular activities, species and 
locations, or some combination of all three. Examples of the different types of measures 
relevant to the pelagic environment are described below, and a more detailed discussion of site 
protection using Marine Protected Areas is covered in Section 4. The conservation of pelagic 
biodiversity will require a combination of all three approaches, depending on the feature, 
species and assemblages that are the target of conservation action. The relevant measures will 
also benefit from being brought together within a broader management framework, such as 
Marine Spatial Planning. 

                                                      
3 UNCLOS, Article 192 and 194.5 
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There is a range of regulation aimed at reducing the environmental impact of human activities 
on marine wildlife and habitats in particular locations. For the pelagic environment, the 
principal activities of concern are fishing (commercial and recreational), shipping, and the 
exploration and production activities of the offshore oil and gas industry. Close inshore, land-
based sources of pollution may also be of concern. Activity-specific environmental regulations 
applied to these activities include the following: 
 
Shipping  Exchange of ballast water 
   Use of antifoulants 

Commercial fishing Gear restrictions 
Closed areas 
Seasonal/temporary closures 

   Minimum landing sizes 

Recreational fishing Catch and release provisions 

Offshore oil and gas Discharge of hazardous substances 
   Seismic testing 
 
Some conservation measures are directed at species either as part of a management regime for 
exploited species, or if their status is threatened or endangered (such as species on the CITES4 
or national ‘Red Lists’). In the pelagic environment, these are generally species exploited by 
fisheries and top predators (which may also be taken as incidental catch of fisheries). They 
include sharks, cetaceans, turtles, billfish (marlin, sailfish, swordfish) and tuna. 
 
Site-specific conservation measures are used in combination with activity- and species-specific 
measures for marine biodiversity conservation. The regulation of disposal of garbage at sea is an 
example that applies to all ocean and sea areas, but with different requirements in different 
geographic zones (Figure 7).  
 

                                                      
4 Convention on International Trade in Endangered Species of Wild Fauna and Flora 
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Figure 7. MARPOL Annex V. Garbage disposal restrictions 

Garbage type All vessels except platforms and other 
associated vessels 

Offshore platforms 
and associated vessels 

 Outside Special 
Areas 

In Special Areas  

Plastics – including 
synthetic ropes, 
fishing nets and 
plastic bags 

Disposal prohibited Disposal prohibited Disposal prohibited 

Floating dunnage, 
lining and packing 
materials 

Disposal prohibited 
less than 25 miles 
from nearest land 

Disposal prohibited Disposal prohibited 

Paper, rags, glass, 
metal bottles, 
crockery and similar 
refuse 

Disposal prohibited 
less than 12 miles 
from nearest land 

Disposal prohibited Disposal prohibited 

Paper, rags, glass, 
etc. comminuted or 
ground 

Disposal prohibited 
less than 3 miles 
from nearest land 

Disposal prohibited Disposal prohibited 

Food waste not 
comminuted or 
ground 

Disposal prohibited 
less than 12 miles 
from nearest land 

Disposal prohibited 
less than 12 miles 
from nearest land 

Disposal prohibited 

Food waste 
comminuted or 
ground 

Disposal prohibited 
less than 3 miles 
from nearest land 

Disposal prohibited 
less than 12 miles 
from nearest land 

Disposal prohibited 

Mixed refuse Varies by component Varies by component Disposal prohibited 

 
Whale-watching regulations are an example of site-specific measures at a much more local 
scale. They are also a ‘mobile’ site-specific measure, linked to the position of the cetaceans 
being observed. Regulations such as these usually specify approach distances and numbers of 
observers (by boat and aircraft), as well as interactions (for example, swimming with cetaceans) 
(Box 3). 
 

Box 3. Part of the whale-watching regulations issued by the government of the Azores 

Rules apply to the distance, direction, speed and time spent near cetaceans. The distances vary with 
situation, but as a general rule, it must not be less than 50m in any case. The approach must be from 
behind, leaving a free zone in front of the animals of at least 180°, by only one boat at a time. Other 
boats may be in the vicinity, but not closer than 200m. Each boat must stay no longer than 30 
minutes, with the same animal/group. Aircraft must not fly under 300m of the cetaceans for 
observation. Whales with calves and calves alone must not be pre-approached closer than 100m. 
Boats must not exceed 30 minutes with the cetaceans.  

 
Marine Protected Areas are site-specific conservation measures that can bring together a range 
of regulations to safeguard habitats and species in particular locations. There are many examples 
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and they introduce different degrees of regulation for a wide range of activities. The potential of 
MPAs as a conservation tool for pelagic wildlife and habitats is discussed below.  
 

4 Marine Protected Areas in pelagic environments 

Marine Protected Areas (MPAs) have been defined by IUCN (1988) as: 
 
“Any area of intertidal or subtidal terrain, together with its overlying water and associated flora, 
fauna, historical and cultural features, which has been reserved by law or other effective means 
to protect part or all of the enclosed environment.”  
 
MPAs have been established to benefit marine biodiversity as part of nature conservation 
programmes, to help manage commercially important fish stocks, and to help protect areas of 
cultural importance. In some situations all three of these objectives may be sought.  
 
Pelagic MPAs fall within the broad definition used by IUCN, but could be more specifically 
described as: 
 
Any marine waters, with their associated flora and fauna, that have been reserved by law or 
other effective means to protect part, or all, of the enclosed environment. In some situations, 
seabed habitats, communities and species may also be protected within an MPA whose principal 
reason for designation is the conservation of pelagic biodiversity. 
 
Most, if not all, MPAs include the water column and therefore incorporate pelagic habitats 
within their boundaries. This is the case even if pelagic wildlife is not the principal reason for 
designation, because of the interconnected nature of benthic and pelagic habitats and species. 
Totally pelagic MPAs are less common, but they do exist. The majority of these have been set 
up for the conservation of cetaceans as described by Hoyt (2005). Examples described by Hoyt 
(2005) include: 
• The Indian Ocean whale sanctuary, covering around 103.6 million sq km, which was first 

closed to commercial whaling in 1979 and declared a permanent sanctuary for whales in 
1990.  

• The Pelagos Sanctuary for Mediterranean Marine Mammals, covering around 87,493 sq km, 
ratified in 2002 by the governments of France, Monaco and Italy. 

• The Irish Whale and Dolphin Sanctuary, covering around 380,300 sq km, the entire area of 
the Irish EEZ, declared in 1991. 

 
Within European Community waters, the EU Habitats and Species Directive requires the 
designation of Special Areas of Conservation (SACs) for a number of free-swimming and wide 
ranging species, including the bottlenose dolphin and harbour porpoise. Although designated for 
a pelagic species, the SAC boundaries usually include the benthic habitat as well. Two examples 
are the German Bight harbour porpoise sanctuary and the Moray Firth Special Area of 
Conservation on the east coast of Scotland.  
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Two important questions that need to be answered before proceeding with pelagic MPAs are 
discussed below. These are: 

a) Is it is possible to identify spatially important locations (distinctive places/critical 
habitats/‘hotspots’) for biodiversity in the pelagic environment? 

b) If so, will establishing MPAs in such areas benefit pelagic biodiversity?  

 

4.1  KEY LOCATIONS  

Seafarers have long been aware of the existence of “features” in the open ocean, and 
oceanographers have been describing them in ever greater detail using techniques from in-situ 
sampling to satellite imagery. 
 
When discussing potential locations for MPAs in the pelagic environment, Hyrenbach et al., 
(2000) suggest classifying these pelagic habitat features into three categories according to their 
predictability and dynamics – as static bathymetric features, persistent hydrographic features or 
ephemeral hydrographic features (Figure 8 and Table 2).  
 
As MPAs are a spatial management tool, being able to identify distinctive habitats in the pelagic 
environment is a first step in considering whether they might be useful for the conservation of 
pelagic species. Equally significant is determining the use and relative importance of such areas 
to pelagic species.  
 
There is certainly evidence to show that some animals use pelagic features as foraging and 
feeding areas, nursery grounds, spawning areas and migration routes. The importance of such 
areas for these activities is summarised in Table 2 and illustrated using examples from the 
North-East Atlantic.  
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Figure 8. Examples of pelagic habitat features in the North East Atlantic  
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Table 2. Pelagic features and their importance for marine biodiversity (based on Hyrenback et al., 
2000) 

Feature Examples Effects Importance/use North-East 
Atlantic examples 

Static 
bathymetric 
features 

Fronts and 
mixing zones 
associated with 
reefs, shelf 
breaks, 
seamounts, 
canyons, and the 
lee of obstacles 
such as islands 

Enhance mixing, 
promote upwelling 

Localised elevated 
primary 
production, 
aggregation of 
planktonic prey  

Foraging areas as 
prey may be 
elevated, 
concentrated and 
made accessible 

North-west 
European Slope 
Current  

Celtic Shelf Break 

Persistent 
hydrographic 
features 

Currents, water 
masses, fronts 
associated with 
changes in 
salinity and 
temperature 

Elevated 
production and 
retention 

Ecological 
boundaries 
influencing 
distribution and 
range 

High densities of 
predators and their 
prey  

Foraging areas of 
predictable 
primary 
production and 
prey aggregation 

Delineating 
migratory routes 

Breeding and 
nursery grounds 

North Atlantic 
Drift 

Irish Shelf Current 

Norwegian coastal 
current 

East Greenland 
Current 

North Atlantic 
Polar Front 

Ephemeral 
hydrographic 
features 

Upwelling, 
eddies and 
filaments, fronts 
associated with 
changes in 
salinity and 
temperature 

Enhanced 
production 
retention of 
primary and 
secondary 
production 

Exploited by 
highly mobile 
pelagic species 

Nurseries and 
foraging habitats 

Frisian Front 

Flamborough 
Front  

Ushant Front 

Iberian coastal 
upwelling 

Mesoscale eddies 
or ‘Meddies’ 

 
Pelagic animals are attracted to forage and feed in particular pelagic habitats because of the 
enhancement and concentration of prey in these areas. The physical mechanisms responsible 
include currents that bring nutrients to the surface and circulation patterns that retain plankton or 
aggregate them in particular areas. An increase in nutrients in such areas, when combined with 
the greater light levels, increases phytoplankton production (Beardall et al., 1982). These 
concentrations are exploited by some fish that congregate near fronts, and they in turn provide 
food for birds such as puffin, shearwater and tern, which may also concentrate their feeding 
activity in these areas (Pingree et al., 1974).  
 
Some examples of static bathymetric features, persistent hydrographic features or ephemeral 
hydrographic features in the North-East Atlantic are described below and show the importance 
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of particular habitat features in the pelagic environment for a range of species. Such areas could 
therefore be considered ‘hotspots’ for pelagic biodiversity. 
 
4.1.1 The North-East Atlantic Shelf Break  
The shelf break that marks the edge of the continental shelf is often an area where there are 
large gradients in temperature, salinity, density and nutrients. Fronts may form in these 
locations, marking the boundary between shelf water and slope water. These fronts can be very 
persistent and are generally stationary as they are created by static bathymetric features. 
 
In the North-East Atlantic, the shelf break lies to the south-west, west and north of the British 
Isles. It is an area where the seabed rises from a depth of more than 1,000m to within 200m of 
the surface and a zone of intense biological activity (Lee and Ramster, 1981).  
 
The European Slope Current flows along the entire length of the ocean-shelf boundary from the 
Iberian margin to the Norwegian Sea, a distance of some 1,600km, and is caused by adjustments 
to steep topography and density gradients (Defra, 2005). It runs northwards at about one knot, 
carrying fish eggs, larvae and other plankton. Turbulence brings deep water up the shelf slope 
and the resulting increase in nutrients enhances phytoplankton productivity (Reid et al., 2003). 
Temporary fronts between the shelf and oceanic waters also form from time to time and have 
the same effect (Jones et al., 2004). The shelf break front marks a sharp change in the species 
composition. Offshore, there is a marked increase in species richness in benthic and pelagic 
communities, and the mean size of phytoplankton generally becomes smaller (English Nature, 
1999). 
 
Currents and fronts make the waters over the shelf break an important feeding area, attracting 
large shoals of fish, flocks of oceanic birds and cetaceans (English Nature, 1999). Storm petrel 
and Leach’s petrel feed over the shelf break and the region is a major migration route for 
gannet, skua, petrel and shearwater. 
 
Several commercially exploited fish species spawn and migrate along the shelf break, including 
mackerel (Scomber scombrus) and blue whiting (Micromesistius poutassou). Large cetaceans 
tend to follow the line of the shelf break during their seasonal migrations and the copepod 
(Calanus finmarchicus), a keystone species in the North-East Atlantic, is also carried 
northwards in a seasonal migration within the European Slope Current. WWF has proposed that 
at least one section of the North-East Atlantic Shelf, the Celtic Shelf Break, be considered as a 
potential pelagic MPA (WWF Briefing, see Appendix 1). 
 
4.1.2 Bird aggregations at estuarine fronts in the German Bight 
The discharge of freshwater from the river Elbe and rivers further south along the east Frisian 
coast affects a large area of the inner German Bight. The estuarine water mass and the 
associated surface salinity front is a persistent hydrographic feature that is present through the 
year (Krause et al., 1986). When observed on a coarse scale, it appears to be a twin-frontal 
estuarine system with a transient outer estuarine front and a stronger, quasi-stable inner front 
(Skove and Prins, 2001). The outer front is strongly influenced by wind, and is therefore 
dynamic, with the potential to shift more than 10km in a 10-hour period (Dippner, 1993). The 
inner front represents a strong hydrographic gradient between water from the Elbe and a mixture 
of Elbe water and water from rivers further south. Chlorophyll data shows this as a sharp 
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gradient between the 15-20m depth contours, extending less than 10km in longitude (Skov and 
Prins, 2001).  
 
Bird distribution data collected over seven years has been reviewed in relation to the position of 
an inner and outer estuarine front. High densities of red throated and black throated divers 
(Gavia stellata and G. arctica) were mostly recorded within 5km from the mean frontal zone, 
and greatest densities in patches where the inner front overlapped shallows over Horns Reef and 
Amrum Bank and off the island of Sylt. The link between divers and the inner estuarine front 
seemed persistent, as peak densities coincided with the location of this front during all cruises, 
while lower densities were normally observed in the core Elbe water and in the mixed water 
outside the front (Figure 9). The quasi-stability and strength of the front gives rise to a 
predictable location of food resources (i.e. small fish) for divers in the German Bight (Skov and 
Prins, 2001).  
 
Figure 9. Estimated mean winter density of red throated and black throated diver (from Skov and 
Prins, 2001) 

 
 
4.1.3 The Western Irish Sea Front  
The Western Irish Sea Front is a relatively static ephemeral hydrographic feature that forms 
seasonally in late spring and persists until early autumn. It extends in an arc from the southern 
tip of the Isle of Man to Dublin Bay, marking a boundary between tidally mixed water and 
stratified water. Three different water masses can be identified around the front: surface 
stratified, bottom stratified, and mixed water. When it is fully formed, a horizontal temperature 
gradient of 1-2°C/km has been recorded in the surface waters (Begg and Reid, 1997). The 
proximity of these water masses causes eddies and upwellings to form. These bring nutrients to 
the surface, creating favourable conditions for the growth of phytoplankton. The structure and 
position of the front are relatively static, but there are cyclic changes caused wind and tide. 
 
There is a gradual transition in the distribution and total production of zooplankton from 
stratified to mixed water bodies across the front, but with occasional patches of high 
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zooplankton, possibly due to localised high densities of chlorophyll and copepod production 
(Scrope-Howe and Jones, 1985). 
 
Fish eggs, whenever they occurred, were always closely associated with the frontal zone. The 
existence of a seasonal gyre, immediately adjacent to the north-west of the front has been 
suggested, which may retain early life stages of a number of fish in the western Irish Sea. This 
has also been identified as an area of high zooplankton biomass, and it is likely that the gyre 
also retains planktonic animals in the stratified region (Dickey-Collas et al., 1996).  
 
Flocks of several hundred Manx shearwater have been reported in the vicinity of the front, 
particularly on the stratified side during the summer months. The front also appears to be an 
important area for razorbill and guillemot (Begg and Reid, 1997). The Manx shearwaters 
occurred in high numbers where the horizontal temperature gradient was greatest at the surface, 
and guillemot and razorbill distributions were more closely related to sea surface salinity. The 
distribution of these birds was more likely to be related to the distribution of their prey rather 
than the physical feature of the front. The results from a survey of harbour porpoise carried out 
in 1998 show that this species occurred more frequently in the vicinity of this front than in other 
areas of the central Irish Sea (Weir and O’Brien, 2000). 
 
The Western Irish Sea Front is one of a number of potential pelagic MPAs proposed by WWF 
(WWF Briefing, see Appendix 1). 

 

4.2  POTENTIAL BENEFITS FOR PELAGIC BIODIVERSITY  

Scientific studies, including those described above, have identified and described distinctive 
habitats in the pelagic environment globally as well as in the North-East Atlantic. There is a 
growing understanding of their importance as foraging and feeding areas, migration routes, 
nursery areas and spawning grounds. A key question for conservation managers is whether 
establishing MPAs in these places will benefit marine biodiversity.  
 
MPAs are static spatial management tools that are applied to a dynamic environment. The 
larvae and adults of protected species may move in and out of MPAs and be dependent on food 
and nutrients derived from outside the MPA; water-borne pollution can drift into the site, 
regardless of its protection. These and other similar issues have to be balanced against the 
benefits that MPAs bring in the form of wildlife and habitat protection, the focus for 
conservation action, and the opportunities they present to raise public awareness and education 
about conservation (Gubbay, 1996).  
 
The reserve effects of MPAs have been studied extensively and there is a wealth of evidence 
showing that they can benefit biodiversity, especially if they are Highly Protected Marine 
Reserves (HPMRs), where all extractive activities are prohibited (e.g. Halpern, 2003; Roberts 
and Hawkins, 2000). The World Parks Congress noted that properly designed and managed 
MPAs play important roles in: 
 
• conserving representative samples of biological diversity and associated ecosystems;  
• protecting critical sites for reproduction and growth of species;  
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• protecting settlement and growth areas for marine species so as to provide spill-over 
addition in adjacent areas;  

• protecting sites with minimal direct human impact to help them recover from other stresses 
such as increased ocean temperature;  

• providing focal points for education about marine ecosystems and human interactions with 
them;  

• providing sites for nature-based recreation and tourism; and  
• providing undisturbed control or reference sites serving as a baseline for scientific research 

and for design and evaluation of management of other areas.  
 
Many factors will influence whether pelagic MPAs could fulfil these roles. In 2000, the Marine 
Science Division of the Point Reyes Bird Observatory, in collaboration with the National Fish 
and Wildlife Foundation and the NOAA Institute for Marine Protected Area Science convened a 
workshop to assess the feasibility of pelagic MPAs for the conservation of top predators and 
food webs off the west coast of North America. They concluded that pelagic HPMRs “can be 
used to help conserve endangered species, to keep common species common, to maintain 
marine biodiversity, and to protect productive areas where top predators aggregate” (Pelagic 
Working Group, 2002).  
 
Like MPAs in other environments, the management measures in pelagic MPAs can be designed 
to protect species within the reserve. This may be for a single species at a particular stage of its 
life cycle or for many species that congregate in one place. The protection of pelagic habitats 
(the physical environment that the species inhabit) on the other hand will be difficult, if not 
impossible, because such an environment is influenced and created by physical processes that 
operate on a scale much bigger than most MPAs (such as ocean basins). Also, unlike benthic 
habitats, pelagic habitats are unlikely to be directly affected by human activities that can be 
regulated within the MPA. The key role and benefit of pelagic MPAs is therefore likely to be 
the protection of wildlife rather than the protection of pelagic habitats and the associated 
species.  
 
The link with benthic environments is also important. In deep waters it may be appropriate to 
designate purely pelagic MPAs. On the other hand, in shallow waters such as on the North-East 
Atlantic shelf, bentho-pelagic coupling is strong. Primary producers in the surface waters, for 
example, are an important source of food for some shallow water benthic species, which results 
in a transfer of organic matter and energy from pelagic to benthic systems. Edible mussels such 
as Mytilus edulis feeding on phytoplankton illustrate this process. In these circumstances, 
conservation measures are likely to be more effective if they target seabed habitats and species, 
as well as the overlying water column. This may also be the case around seamounts, which 
although present in deep water, extend far into the water column.  
 
Protecting pelagic species within MPAs will require fishing to be restricted, but not necessarily 
over large areas. The restrictions should be focused on particular areas and may only apply at 
certain times of year. The provisions could range from the closure of some or all fisheries, either 
seasonally or permanently, within the MPA, to specifying conditions under which fishing may 
be permitted. Both commercial and recreational fisheries could be affected, as well as other 
activities such as shipping, tourism (whale watching), oil and gas exploration, and scientific 

  

 

25



 

research. The key benefit of using an MPA is that it would provide the framework under which 
all the necessary management measures would be brought together to benefit a single species, or 
a range of species, rather than a fragmented sectoral approach to their conservation. Pelagic 
MPAs are also an essential part of the network of sites needed to deliver a coherent package of 
conservation measures for pelagic species. 
 
Given that pelagic MPAs can be designed to protect species that are resident within them, there 
remains the wider question of whether the species as a whole will benefit. For the pelagic 
environment this means considering the potential benefits for migratory species and those that 
have a naturally large range.  
 
MPAs can benefit migratory pelagic species. Migrating animals are especially vulnerable where 
they congregate (for example, in feeding, breeding and nursery areas) and where they are 
concentrated (for example, in migration ‘bottlenecks’ such as canyons and narrows). 
Management measures brought together under the umbrella of an MPA can focus protection on 
migrating animals in such locations. It is also relevant to note that some individuals of 
migratory species may be resident in an area. The recently discovered fact that blue whales are 
present all year round off the coast of Chiloe, in Chile, is an example. The whales appear to use 
these waters as both feeding and nursery area, and, as a result, there are proposals to make this 
area a Blue Whale Sanctuary. Migration bottlenecks, such as the Straits of Gibraltar, which are 
used by eastern North Atlantic stocks of bluefin tuna migrating to their spawning grounds in the 
Mediterranean, are another example where a spatial management measure such as an MPA 
would complement other regulations to protect migrating species.  
 
Top predators in the pelagic environment such as tuna, swordfish, cetaceans and seabirds travel 
many thousands of kilometres across the world’s oceans. If MPAs only cover a small part of 
their range, there is an obvious question as to whether such species will benefit significantly 
from MPAs. Studies have show that these travels are not random and that the migrating and far-
ranging animals home in on hotspots (e.g. Etnoyer et al., 2004; Hunt, 1997; Polovina et al., 
2000; Fujise et al., 2004; Suryan et al., 2004). MPAs can protect them in these key areas and 
therefore benefit them even if they range across vast areas. 
 
There is ample evidence of the importance of particular geographic areas for migrating and far-
ranging species. Some examples are given below to illustrate how such species might therefore 
benefit from a focus of protection in these areas through the establishment of MPAs.  
 
4.2.1 Loggerhead turtles 
Oceanic fronts, which are highly predictable and persistent, delineate the migratory routes of 
some pelagic species. The fronts represent sharp boundaries in a variety of physical parameters, 
including temperature, salinity and chlorophyll. The dense, cooler phytoplankton-rich water 
sinks below the warmer water creating a convergence of phytoplankton. Buoyant organisms 
such as jellyfish, a common food of loggerhead turtles, as well as vertically swimming 
zooplankton can maintain their vertical position in the weak downwelling and aggregate at the 
front to graze on the downwelled phytoplankton.  
 
The loggerhead turtle (Caretta caretta) occurs throughout the temperate regions of the Atlantic, 
with major nesting grounds in northern latitudes on the coasts of Florida and South Carolina. In 
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the North-East Atlantic, most individuals are juveniles in their oceanic life stage (Musick and 
Limpus, 1997). They are believed to belong to the breeding population of the south-east United 
States, from where they enter the North-East Atlantic Gyre System as hatchlings. They may stay 
in this system for 7-12 years and are observed around the Azores, Madeira and Canary Islands 
(Bolten et al., 1998). 
 
The loggerhead turtle is observed in large numbers around the Azores in late spring and summer 
(Brongersma, 1995). One area that appears to be particularly significant is Princess Alice Bank, 
where the juvenile turtles are seen on a regular basis (Danish National Environmental Research 
Institute, 2006). Recent tagging studies show that seamounts may be important feeding areas for 
some individuals, as four out of 10 tagged individuals appeared to be attracted to these 
bathymetric features. One set of tracking results is shown in Figure 10. 
 
Figure 10. The movements of one of a number of loggerhead turtles tagged in the Azores 5

 

                             
 
 
4.2.2 Basking sharks  
The basking shark (Cetorhinus maximus) occurs in temperate waters and is seen feeding on the 
surface during the summer months in various locations around the British Isles. Most sightings 
are between the Hebrides and the north coast of Brittany, with few records on the west coast of 
Ireland and the east coast of the UK (Southall et al., 2005). The shark appears to be a selective 
filter feeder, locating areas with high densities of large zooplankton. Individuals have been 
known to remain in such areas for up to 27 hours (Sims and Quayle, 1998). 
 
Tracking studies are revealing how basking sharks move around the European Continental 
Shelf, between centres of high productivity. Surveys undertaken off the coast of Plymouth 
during the summer months of 1996 and 1997 showed that basking sharks foraged along a 
seasonal front between fully mixed coastal waters and stratified offshore waters. This was in 
                                                      
5 http://www1.uni-hamburg.de/OASIS/Pages/public/turtle.htm# 
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areas where the main copepod prey, Calanus helgolandicus, was 2.5 times more numerous and 
50% longer than in areas where they did not appear to feed (Robinson, 1994 in Sims and 
Quayle, 1998). Large shoals of fish, particularly mackerel, whiting and grey mullet, were also 
frequently observed in the areas where the sharks were feeding, as well as gannet, which were 
diving and resting on the surface within the foraging area of the sharks (Sims and Quayle, 
1998). 
 
Although the sharks spend most of their time in shelf sea areas characterised by tidal fronts, 
they also use fronts associated with the shelf break. Tracked individuals foraging along fronts 
off the south-west peninsular of England moved to three main areas: the Celtic Sea front, the 
Goban Spur and the Biscay regions of the shelf edge. On the shelf edge, the positions coincided 
with the highest levels of surface primary production seen at these locations for six months 
(Sims et al., 2005).  
 
There have been sightings of basking sharks following each other closely when they are present 
at thermal fronts in coastal waters off south-west England from May to July (Sims et al., 2000). 
The precise function is not known, but scientists studying the sharks suggest that this could 
possibly be a courtship-related activity in this species.  
 
 
4.2.3 Harbour porpoise 
The harbour porpoise (Phocoena phocoena) is a temperate water species that occurs mainly 
over continental shelf areas within that part of its range which includes north-western European 
waters (Reid et al., 2003). It is the most numerous marine mammal in north-west European shelf 
waters, although populations in the eastern Channel and southern North Sea seem to have 
declined or been eliminated since the 1940s (English Nature, 1999). 
 
Despite its widespread distribution, it is clear that there are some areas where the harbour 
porpoise might occur more frequently and therefore potentially be of particular importance for 
this species. Survey data collected in 1998 in the central Irish Sea showed that harbour 
porpoises occurred more frequently in the vicinity of the Western Irish Sea Front (see Section 
4.1.3) than other parts of the central Irish Sea (Weir and O’Brien, 2000) (Figure 11). The front 
develops on a seasonal basis and marks the boundary between well mixed water and stratified 
water. The aggregation of animals in this area may be due to the enhanced productivity and 
availability of food at the front, making it an energetically efficient place to forage (Weir and 
O’Brien, 2000). 
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Figure 11. The number of harbour porpoises recorded over temperature and chlorophyll a profiles, 
during transect five across the Irish Sea front, August 1998. (Figure 7 from Weir and O’Brien, 2000) 

             

 

4.2.4 Bluefin tuna 
The Atlantic bluefin tuna (Thunnus thynnus) is an oceanic species that comes close to shore on a 
seasonal basis. Data from tagging studies to learn more about the population structure of the 
Atlantic bluefin tuna shows the extensive migrations undertaken by individual fish (Block et al., 
2005). The studies reveal two populations that overlap on North Atlantic foraging grounds, but 
which separate to use two distinct spawning grounds in the Gulf of Mexico and in the 
Mediterranean. In the case of the western stocks, the northern slope waters of the Gulf of 
Mexico are a critical habitat during the spawning season and could be protected by time-area 
closures to reduce incidental catch by pelagic longline fisheries operating in the area. Tuna that 
are part of the eastern North Atlantic population travel through the Straits of Gibraltar to spawn 
in the Mediterranean. The Straits act as a “bottleneck” through which this migrating species 
must pass. Critical areas for both populations have therefore been identified. 
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5 Addressing the challenges of pelagic MPAs 

There are many challenges to be addressed in using MPAs for the conservation of pelagic 
biodiversity. The first of these is getting the concept to be taken seriously enough that it is given 
detailed consideration. This means raising awareness of the possibility of pelagic MPAs, and 
overcoming a perception that they are of little value for the conservation of highly mobile 
species in a very dynamic environment. Scientists and non-governmental organisations, 
including WWF, are taking on this task. In the case of WWF, this has included preparing 
briefings on potential locations for pelagic MPAs (see Appendix 1) and presenting these at 
meetings of the OSPAR Commission as part of discussions on conservation measures for the 
North-East Atlantic.  
 
Once attention is focused on the option of pelagic MPAs, there are many challenges to be 
addressed in making the case. The starting point must be scientific knowledge about pelagic 
environments, yet there remains much to learn about the function of pelagic ecosystems, the 
physical, chemical and biological processes that create and support them, and how this affects 
pelagic wildlife. One research programme that is addressing the question of how physical 
processes of the oceans affect species distribution, abundances and movement patterns is TOPP 
(Tagging of Pacific Pelagics) (Costa et al., 2004). A variety of seabirds, marine mammals, 
squid, turtles, tuna and sharks are being tagged to learn more about the environment they 
inhabit, including hotspots where marine predators aggregate.  
 
There is a growing body of knowledge about pelagic habitats and how certain species make use 
of them. Scientific studies such as those undertaken by TOPP are revealing the concentration of 
cetaceans, seabirds, turtles and fish at features such as shelf break fronts; how they use currents 
as migration pathways; and how ephemeral features such as eddies and filaments retain and 
disperse larvae across oceans. Fishermen use technologies such as satellite images to identify 
these places, including some that are very localised and that only exist for short periods of time, 
to get high catches of valuable species such as tuna and billfishes. It has been suggested that 
conservation managers should do the same to identify potential MPAs (Hyrenbach et al., 2000; 
Norse et al., 2005). Nevertheless, there remains a continuing need for better understanding of 
these features, controlling factors, dynamics and their importance to marine wildlife.  
 
With a sound scientific underpinning to identify important areas or critical habitats in the 
pelagic environment, the next challenge is to demonstrate that MPAs will be a useful 
conservation tool. The key issues to be addressed are the extreme mobility of many pelagic 
species, the temporal nature of some pelagic habitats, the fact the habitats may move or only be 
important at certain times of the year, and the scale of some of these habitats. All these issues 
are key features of the pelagic environment and therefore if MPAs cannot be of value under 
such circumstances, they would have a limited role in the conservation of pelagic biodiversity. 
 
The design of MPAs is an important consideration in trying to address these issues. One option 
is to define core, buffer and transitional zones in protected areas. This is a key feature of 
Biosphere Reserves, which are promoted by UNESCO, and it has been used in both terrestrial 
and marine environments. Such an approach has been suggested for an MPA at The Gully, in 
Canada (see Box 4). 
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Box 4. Cetaceans in the Gully 

The Gully is the largest submarine canyon off Eastern Canada and the US. Together with the waters 
around nearby Sable Island, this area has been noted to have the most diverse cetacean fauna of 
eastern Canada. The area is frequented by 11 species of cetacean, including migratory and resident 
species (Hooker et al., 1999). Different species use different parts of the Gully and their use varies 
with seasons. The northern bottlenose whale inhabits the central part of the Gully and is present all 
year round; the main concentrations of sperm whale occur in the northern basin; and striped dolphin 
inhabit deep waters and the southern part of the canyon in late summer. A zoning system has been 
proposed, with core and buffer areas to provide a level of protection appropriate to the use of the 
Gully by different species.  

 
Another possibility is designing MPAs with flexible or dynamic boundaries, which change 
according to the location of the feature of key importance. While this may seem like a 
particularly complex approach, it is already being used successfully in the Stellwagen Bank 
National Marine Sanctuary, in the US, to protect cetaceans (see Box 5 and Figure 12). Such 
areas may only be important at particular times of year, so any selection of suitable sites should 
consider regions of high productivity that will attract species at predictable times, as well as 
bearing in mind the extreme mobility of many species. One way to achieve this is by using 
Seasonal Management Areas and responding to the uncertainty by having Dynamic 
Management Areas.  
 

Box 5. Dynamic Management Areas in the Stellwagen Bank National Marine Sanctuary 

The Stellwagen Bank is in the south-western Gulf of Maine National Marine Sanctuary. Currents 
flowing over the bank, and the mixing of coastal and deeper nutrient-rich waters make this a 
seasonally productive area supporting large fish resources, including mackerel and bluefin tuna6. 
The area is important for a number of cetaceans including the humpback whale and the northern 
right whale. The right whales move here in late winter or early spring and remain until around July, 
when they move further north to wintering areas. The bank is one of five “high-use” areas for this 
species.  

One of the most significant threats to the right whale is collision with vessel traffic. To deal with the 
threats, a combination of Seasonal Management Areas (SMAs) and Dynamic Management Areas 
(DMA) are used (Merrick, 2005). The DMAs are used to regulate vessels in areas where right whales 
are detected and no specific measures are in place. They might include temporary re-routing, vessel 
speed restrictions or even delay entry into the DMA. This approach avoids the need for permanent, 
large scale, seasonal management measures in areas or at times where the occurrence of right 
whales is unpredictable. Seasonal Management Areas are more narrowly defined to areas and times 
of year where right whales are known to occur in peak numbers and where there is sound and 
sufficient data.  

  

                                                      
6 http://stellwagen.noaa.gov/management/1993plan/pt2sc2b2f.html Stellwagen Bank NMS Management Plan and Final 

Environmental Impact Statement, 1993.  
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Figure 12. Seasonal Management Areas, right whale groups sighted and Dynamic Area 
Management buffer zones for north-east US waters, Gulf of Maine, March-July, 1999-2003 (from 
Merrick, 2005, Figure 6) 

Combined Seasonal Management Areas  Right whale sightings (2+) 
 

Dynamic Area Management buffer zone  Traffic lanes 
 
                     

 
Another approach might be to cover a significant part of the range of a particular species within 
MPAs and refine the selection of protected areas based on wider benefits. An illustration of this 
approach using major tuna stocks is shown in Figure 13 (Fonteneau, 2001). The criteria for 
selecting MPAs in this example were: 
 
• significant size, more than 10% in each ocean; 
• coverage of various ecosystems, targeting conservation of various tuna species and various 

sensitive bycatches; 
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• where possible, primarily outside EEZs of developing countries for which tuna fisheries 
play an important economic and/or social role; and 

• including parts of nursery and spawning zones.  

 
Figure 13. Average fishing zones of tuna fisheries and examples of potential MPAs (Figure 6 from 
Fonteneau, 2001) 

 
 
Pelagic MPAs are also likely to have a useful role as part of MPA networks. These may be at 
feeding grounds for species whose nesting sites may be in protected areas some distance away, 
such as seabirds and turtles (see Box 6), or breeding, spawning and nursery areas where 
cetaceans and fish congregate on a seasonal basis.  
 

Box 6. Protection of pelagic feeding grounds for the black-footed albatross  

The black-footed albatross (Phoebastria nigripes) occurs all year round off the west coast of North 
America. High densities have been recorded in three National Marine Sanctuaries in the region, 
particularly during the upwelling season of March to August. Some satellite-tracked birds repeatedly 
entered the sanctuaries, confirming the importance of three central California marine sanctuaries to 
Hawaiian albatrosses breeding around 4,500km away. Vessel based surveys revealed that albatross 
were also associated with specific bathymetric features and water masses concentrated in a band 
from onshore of the shelf break to the outer continental slope. This suggests that the existing 
sanctuaries provide little protection to albatrosses in significant foraging areas. In light of these 
findings, the study group suggested that northward expansion of the existing sanctuaries would give 
this species greater protection (Hyrenbach et al., 2006).  

 
There are many technical and legal challenges to be addressed in establishing and operating 
effective MPAs in the pelagic environment. Although not the subject of this report, the 
examples given above show that such challenges are being addressed elsewhere. The technical 
difficulties, especially in relation to the monitoring, surveillance and enforcement of MPAs, are 
not new. They are relevant to all types of MPAs, although exacerbated when dealing with more 
remote locations and entirely pelagic areas. Satellite technology is at the forefront of trying to 
address them by providing a means of monitoring and a back-up to enforcement. In the case of 
legislation to support the designation and management of pelagic MPAs, many of the challenges 
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are again similar to those for MPAs in other locations, such as legal questions concerning 
ownership and boundary definition when dealing with mobile resources. These and other legal 
issues are being considered as part of the current debate under the auspices of UNCLOS on 
establishing High Seas MPAs.  
 
The examples given above and elsewhere in this report show that although there are many 
outstanding questions and practical matters to address, totally pelagic areas could be part of a 
network of MPAs. This is equally the case for the seas around the British Isles, the North-East 
Atlantic or ocean areas in other parts of the world.  
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6 Summary and recommendations  

The pelagic environment makes up by far the largest part of the oceans. It is a highly dynamic 
environment, containing structure and identifiable features. This structure is apparent at a range 
of geographic scales and exhibits different degrees of persistence.  
 
There is a wealth of biodiversity in the pelagic environment. The diversity, productivity and 
abundance of biodiversity changes depending on water depth, and is rarely static. Animals move 
vertically through the water column to find suitable prey on a daily basis as well as inhabiting 
different zones at different stages of their life cycle. Some also travel vast distances across 
oceans as part of a pattern of migration.  
 
The pelagic environment has been exploited by humans for centuries, and the scale and extent 
of exploitation has grown dramatically in this time. The change is most evident in the rise of 
commercial fisheries. Today, pelagic species are hunted across the oceans and the scope of 
fishing has broadened from targeting species in the uppermost layers of the ocean to those in 
water depths of more than 1,000m. The effects of fishing can be seen in the dramatic reduction 
in the populations of some species; others have been driven close to extinction. Shipping, noise 
pollution and the introduction of alien species can also have environmental impacts on pelagic 
wildlife. It should, however, be noted that changing conditions associated with climate change 
are likely to dwarf the environmental concerns described above in terms of scale, extent and 
implications.  
 
A variety of measures are being used to safeguard and manage marine biodiversity. These are 
focused on human activities, on species, on particular places, or some combination of all three. 
MPAs, for example, can provide a management framework under which a range of regulations 
and other measures are introduced to safeguard habitats and species in particular locations.  
 
MPAs are an established part of marine nature conservation programmes in many parts of the 
world, but MPAs but are rarely restricted to the pelagic environment. Greater use of MPAs to 
protect pelagic habitats and species is one possibility, but for them to be useful it must be 
possible to identify key locations in the pelagic environment and show that measures directed at 
these places and the associated species will benefit biodiversity.  
 
The review of scientific literature carried out for this report and the examples given show that 
places with distinctive attributes can be identified and that they recur in the pelagic environment 
– although some do change over space and with time. Such features occur in the North-East 
Atlantic. Scientific studies have also revealed how pelagic species distributions and predator-
prey dynamics are associated with such places in the North-East Atlantic, as well as other ocean 
areas. Some pelagic species exploit predictable regions, using them as nursery areas, spawning 
grounds, foraging regions, and migration routes. 
 
As with MPAs in other environments, the management measures in pelagic MPAs can be 
designed to protect species within the reserve. This may be for a single species at a particular 
stage of its life cycle or for many species that congregate in one place. On the other hand, 
protection of pelagic habitats will be difficult, if not impossible, because such habitats are 

  

 

35



 

influenced and created by physical processes that operate on a scale much bigger than most 
MPAs (such as ocean basins).  
 
Pelagic MPAs are therefore likely to be most suitable for the protection of species rather than 
habitats, and only for certain species. The best locations, which may overlap, are likely to be 
those that include areas of high ocean productivity, prey concentrations and top predator 
foraging grounds, as well as critical habitats for particular species. There is also the potential 
added benefit of supporting ecosystem function by protecting species in such areas 
 
There are many scientific, technical and legal challenges to be addressed in establishing and 
operating effective MPAs in the pelagic environment. As the examples included in this report 
show, these challenges are not insurmountable. 
 
There is a growing body of knowledge about pelagic habitats, how certain species make use of 
such environments, and what action we might take to protect them in such habitats. If MPAs are 
to be used to support the conservation of pelagic biodiversity, the process needs to be 
underpinned by more science, the use of technology and a sound legal footing.  
 
MPAs are unlikely ever to be sufficiently large or widespread to safeguard the biodiversity of 
the pelagic environment, but they could be a useful option working alongside other management 
tools. They are a practical way of bringing together a range of measures, focused on a 
geographic area, for single and multi-species benefit. They could also contribute to MPA 
networks by ensuring that species are protected in locations critical for their survival, even when 
such locations are in the pelagic environment.  
 
Given the overall conclusion of this report – that MPAs have the potential to be of genuine 
benefit to marine biodiversity – the next step is to improve our understanding of where and how 
they might benefit and then, critically, to determine how we might make them work in practice 
in the North-East Atlantic and around the British Isles. The following work would help start that 
process. 
 
• A review of scientific literature to identify and provide a summary description of pelagic 

features in the North-East Atlantic, their driving forces and their importance for pelagic 
biodiversity. 

• Identification of the pelagic species (including commercial species) in the North-East 
Atlantic that are likely to benefit from the establishment of pelagic MPAs in light of their 
life history characteristics and ecology.  

• Given the above, to identify potential locations of pelagic MPAs in the North-East Atlantic 
and to start a concerted programme of research to gather more information about these 
locations and the potential role and objectives of establishing MPAs in such places.  

 
This report did not deal with legal and technical issues relating to pelagic MPAs, but these will 
need to be considered in parallel with the above work. There is a need to identify the package of 
measures required to support pelagic MPAs, the technology and the legal foundation.  
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One useful approach may be to examine the issues in detail through a pilot study of two 
locations. Two such examples that would highlight different issues are the Western Irish Sea 
front and the Continental Shelf break region to the west of the British Isles. 
 
Finally, it should be noted that this report has looked at pelagic MPAs in relative isolation, 
because they have been given so little attention in the past. In practice, they should be linked up 
with MPAs in other environments to make a network of protected areas, as well as being set in 
the wider context of management measures for the marine environment as a whole. This is 
another area of work that needs to be advanced if the full potential of pelagic MPAs is to be 
realised. 
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GLOSSARY 

 
Benthos Those organisms attached to, living on, or in the seabed. 
  
Biomass The total mass of organisms in a given place at a given time. 
  
Continental shelf The shallowest part of the continental margin between the shoreline 

and the continental slope; not usually deeper than 200m. 
  
Continental slope The steeply sloping seabed from the outer edge of the continental shelf 

to the continental rise. 
  
Eddies Localised zones of horizontal water circulation in a relatively close 

system where vertical motion is induced or sustained. 
  
Epipelagic The depth zone of the oceanic water column extending from the 

surface to about 200m. 
  
Fronts Distinctive oceanographic features that mark the boundaries between 

water bodies with different characteristics. 
  
Filaments Plumes of water with distinct characteristics, sometimes extending 

from eddies or upwellings. 
  
Pelagic environment The pelagic environment, with its associated free-swimming and 

floating marine life, comprises the majority of the oceans’ water mass. 
  
Shelf break The outer margin of the continental shelf, marked by a pronounced 

increase in the slope of the seabed – usually occurring at around 200m 
in depth along European margins. 

  
Upwelling An upward movement of cold, nutrient-rich water from the ocean 

depths. This occurs near coasts where winds persistently drive water 
seawards and in the open ocean where surface currents are divergent. 

  
Water column The vertical column of water extending from the sea surface to the 

seabed. 
  
Water mass A body of water within an ocean characterised by its physicochemical 

properties of temperature, salinity, depth and movement. 
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