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BOX 5: Ecological effects of fronts and eddies (from Owen, 1981)

Mechanically affect local concentrations of organisms
Juxtapose populations that would not other wise interact
Create new ‘communities’
Conserve and translocate selected species ensembles and concentrations
Attract and sustain large motile animals
Serve as reproduction refuges
Mechanically limit dispersal of meroplankton or neritic populations
Induce/sustain higher local production of organisms
Modify migration patterns as diverse as annual, trans-oceanic

fish movements and diel vertical migrations of motile phytoplankton
Collect surface active and particulate substances.

2.6.4 Conservation actions

Frontal systems are difficult habitats on which to focus conservation measures because they are
water column features and also because they are not necessarily present all year round. Because
of this, general measures to safeguard water quality where these features form will be important,
particularly as pollutants could be retained within frontal systems. The regularity of the
occurrence of some fronts in the same location presents the possibility of site protection as well.
Measures could be introduced to minimise the risk of pollution incidents by siting offshore
operations away from such features or introducing ship’s routeing measures for example, or
ensuring that fisheries are not concentrated in these areas. One such site which has been well
studied and could be considered as a potential marine protected areas is the western Irish Sea
front (Gubbay, 1996).

Western Irish Sea front
The western Irish Sea front forms every year in the late spring (March/April) and persists
through the summer until September or October. It marks the boundary between tidally mixed
water, to the south-east, and stratified water to the north-west. The front remains in a relatively
static position throughout the summer and develops particularly well along the southern and
eastern edge. The surface stratified waters appear to be an area of intense biological activity,
especially where the front meets the coastal current off the Kish Bank on the Irish coast
(Beardall et al., 1982). The regular supply of organic material sinking onto the sea-bed may
have enhanced the local richness of the benthos while on the surface the front attracts Manx
shearwaters, razorbill and guillemot to feed. Basking shark have also been reported
concentrating feeding activity along the front.

2.7 EDDIES

Eddies are localised zones of horizontal water circulation in a relatively closed system where
vertical motion is induced or sustained. The vertical water movement compensates for lateral
flow into or out of the circulation and is upward in cyclonic eddies and downward in
anticyclonic eddies. Another distinction is that cyclonic eddies have cool core temperatures
whereas the core in an anticyclonic eddy is warm. The upward water movement in large
cyclonic eddies has been estimated to be of the same order as sinking rates of some
phytoplankton and detrital particles and on a scale that can transport substantial nutrient
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supplies upward (Owen, 1981). Because the vertical movement of water in eddies is slow and
generally spread over larger areas than fronts (see section 2.6), the gradients in temperature and
salinity with surrounding water are generally not as sharp.

Islands, seamounts and headlands act as obstacles to sea and air flow and cause the sorts of
instabilities that can develop into eddies. Large eddies can therefore form off continental
margins and as they move offshore may influence sea areas well beyond the continental shelf
and slope. This can be seen as patterns in satellite thermal imagining which show the
temperature differences associated with eddies in locations well offshore. Eddies, which form
around coastal areas or deep sea topographic features, may be stationary, “attached” to the
obstacle or, with increased flow or obstacle size, may be shed in series (Owen, 1981). They may
also form in association with currents or fronts in situations where the water flow meets an
obstacle and becomes unstable. Frontal meanders may then pinch off, becoming eddies (figure
28). Many large-scale eddies are also generated off ocean currents.

Figure 28: Cyclonic eddy genesis from a polar front meander (from Owen, 1981)

[Temperature current vectors (➔) delimit a cold core meander and eddy pattern]
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Eddies show a great variation in size and may also form at any depth. Large examples can be
several hundred kilometres across and persist for months or even years whereas smaller eddies,
perhaps a few kilometres across may only persist for a few weeks. Mesoscale eddies are at the
larger end of the spectrum, measuring 50-200km across. They are believed to be common even
far out on the abyssal plain and are thought to contain up to 100 times the energy of the
surrounding water (Gage & Tyler, 1991). Eddies such as these are typically thrown off strong
surface flows such as the Gulf Stream or formed by wind stress in stormy areas. The energy is
transmitted to the deep sea giving rise to benthic storms which can last anything from a few
days to weeks when the circulating water suspends and transports large amounts of sediment
which is later re-deposited when the storm dies out (figure 29).

Figure 29: Interaction of mesoscale eddy with the sea-bed to form a benthic storm

(from Gage & Tyler, 1991).

2.7.1 Occurrence in the OSPAR maritime area

Eddy formation occurs in many parts of the OSPAR maritime area. One region where this has
been well-documented is along the North Atlantic polar front whose eastern extent is within the
OSPAR area. The front weakens in the area of the mid-Atlantic Ridge with the instability
periodically producing a large meander that is subsequently shed as an eddy. If shed south or
east of the front it contains colder water from the north side and is cyclonic whereas warm-core,
anticyclonic eddies spin off into colder water to the north and west (figure 30). Cyclonic eddies
form in this way several times a year and are physically identifiable for as much as two years.
Eddies forming off the North Atlantic polar front have been known to be 300km across and
extend from the sea surface to 3km depth although not all examples extend to the sea surface.

The Faroe-Shetland channel is another area where eddy generation appears to be a fairly
common phenomenon, particularly on the southern Shetland side of the channel where strong
mesoscale eddies have been observed (Sherwin et al., 1999). The slope current flows
northwards in this area carrying warm water into the Nordic seas. Five principal water masses
occupy the channel; two at the surface, two at intermediate depths and a bottom water. One
eddy in this area which was studied in detail was about 42km across at the surface and around
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57km across at a depth of 300m (Sherwin et al., 1999). A sharp drop in temperature was
recorded within this cold-core eddy suggesting that warm saline North Atlantic water in the
region had been replaced by a fresher cooler surface water (modified North Atlantic water). The
authors suggest that eddies may travel up this channel every 14 days or so.

Figure 30: Schematic representation of the path of the Gulf Stream and the distribution

and movement of ring eddies (Richardson, 1976)

Other regions in the OSPAR area, where eddy formation and their effects have been studied, are
in the Bay of Biscay. Here eddies develop as a result of the interaction of the current (which
runs along the continental slope) with the topography of the sea-bed along the coast of Norway.
They also develop around the Azores where the Azores current generates persistent anticyclonic
eddies along its northern flank and shorter-lived cyclonic features along its southern flank.

2.7.2 Marine communities associated with eddies

Eddies can form at any depth and affect populations of organisms at all trophic levels, including
benthic forms, from great depths to the littoral zone (Owen, 1981). The main way in which they
do this is by maintaining and transporting contained populations and substances. The effects of
eddies are not as significant if they are small and weak but they can still have an important
influence, for example by crossing or reducing the strength of larger scale hydrographic features
and therefore disrupting rather than creating patterns.
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The potential for eddies to contain biota is illustrated by the Southern California eddy which is a
particularly persistent feature from the upwelling zone north of Point Conception. The feature
appears to collect and recirculate biota appearing to be a reproductive refuge for the Euphausia
pacifica. There was an unmistakable correspondence between the eddy and patterns of
concentration of both sardine eggs and diatom concentrations as well as brining nutrients up to
the surface layers in the eddy.

Mesoscale eddies can have significant faunal impact. Gulf Stream rings, for example, are of
sufficient size to carry with them organisms and nutrients typical of the core water which can
function well enough to support the detached small ecosystem, including larger organisms, for
some time. The contained fauna can be found down to depths of 800m and can persist for
several years if the ring is very large. In the Gulf Stream, more cold-core rings (about 10 per
year) are formed than warm-core rings (which are generally smaller) and these on average have
a lifetime of about a year (Merrett & Haedrich, 1997).

A study of cold-core eddies from the polar front revealed the importance of eddies in retaining
the biomass and community structure of plankton, which becomes isolated within them as they
form (Wiebe et al., 1976). These eddies had relatively higher plankton biomass as well as
species assemblages that were distinguishable from the surrounding Sargasso seawaters and,
although the different physical and biological characteristics became less obvious with time, the
biological communities may still be distinguishable many months later. For example,
consistently higher zooplankton stocks and distinctive euphausiid species were evident in cold
core eddies even a year after their formation. The daily migration patterns of several
zooplankton species also appear to have been affected by the presence of the eddies. Daytime
depths reached by warm-water euphausiid species that migrate, was consistently and markedly
deeper beyond than within a cold-core meander of the polar front. The polar front was also
shown to be an effective thermal barrier to some oceanic plankton species but cold-core eddies
shed from them cross the barrier by transporting plankton far south of where they would
otherwise occur. Reduced numbers and the nutritional condition of individuals in older eddies
indicated that expatriate populations attenuate in time by starvation.

When the influence of eddies extend to the seafloor they can cause benthic storms. These are
geologically significant in transporting high suspended sediment loads, perhaps along with
fauna not normally adapted to water-borne dispersion, across the deep ocean basins.
Biologically, they are important as a source of repeated major perturbation within the lifetimes
of benthic fauna thus affecting the structure of the benthic community (Gage & Tyler, 1991)

2.7.3 Conservation issues

The formation, persistence and location of eddies has important ecological implications which
are similar to those which may be linked to the formation of fronts (see box 5 in section 2.6).
They are particularly significant in transferring or maintaining particular biological
characteristics as well as changing the environmental conditions through changes in temperature
and salinity, for example. They can enhance primary production by bringing nutrients to the
surface and can therefore be attractive areas for marine life. At the same time it is possible for
contaminants to become entrained in eddies for significant periods of time and perhaps be
transported significant distances to affect other areas.
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2.7.4 Conservation actions

Eddies are difficult environments on which to focus conservation measures because they are
water column features and because of their ephemeral, although sometimes very persistent
nature. Because of this, more needs to be known about their method of formation, effects on the
local ecology, persistence and areas in which they are consistently generated. General measures
to safeguard water quality where these features are known to form will be important, because of
their potential to retain and transport pollutants.

2.8 UPWELLING

Figure 31: Upwelling mechanisms consequent on

(a) an underwater ridge (b) divergent surface currents;

(c) the movement of water away from a coastline

(from Barnes & Hughes, 1982).


