Profile: Mesoscale Eddies
AWAITING REVIEW

Description
Mesoscale eddies are rotating structures in the ocean which range in size from tens to hundreds of kilometres. They commonly exist for lifespans
measured in months before dissipating or being assimilated into the main current (Pond and Pickard, 1983). Mesoscale eddies are known to transport
nutrient-rich waters between shelf and offshore environments and to participate in the upwelling of cold, nutrient-rich waters and the downwelling of
warmer waters (Condie et al., 2011). Eddies are often categorised as warm-core or cold-core, based on the differences between the water properties and
thermocline displacements within and outside the eddy. Warm- and cold-core eddies generally support different community structures. Deep-ocean
plankton blooms are linked to cold-core eddies and large pelagic fish are known to take advantage of eddy habitats.

Cold-core eddy communties
Cold-core eddies are cyclonic and often bring cold water up from the deeper ocean. Upwelling eddies rotate clockwise in the Southern Hemisphere. The
sea level within the cold-core eddies is lower, with an elevated thermocline in the middle of the eddy (McGillicuddy Jr et al., 2007). This elevation of the
thermocline due to the spreading surface water uplifts nutrients closer to the surface, allowing more light to reach phytoplankton. This increases primary
production, particularly in low-nutrient areas (McGillicuddy Jr et al., 1999).
The interaction of cyclonic eddies and surface wind have been associated with the generation of plankton blooms and productivity pulses in the open sea (
McGillicuddy Jr et al., 1999, Feng et al., 2007, Ledwell et al., 2008). Cold-core eddies can enhance biological production in the open ocean, but may
suppress it in eastern boundary upwelling systems as they transport nutrients offshore (Gruber et al., 2011).
In eastern boundary currents, cyclonic eddies are likely to form from nutrient-rich shelf waters and display significantly higher chlorophyll-a concentrations
than in anticyclonic, warm-core eddies and the surrounding water (Everett et al., 2012). Cold-core eddies in the Southern Antarctic Circumpolar Current
Front have been associated with increased phytoplankton biomass, retaining phytoplankton in their cores as they travel (Kahru et al., 2007). Zooplankton
such as the salp Thalia democratica, are known to exist in high-density swarms in cold-core eddies in the Antarctic Circumpolar Current (ACC), especially
following the austral spring phytoplankton blooms off southeast Australia (Everett et al., 2011).
Eddies are also known to affect the transport and life cycles of larval fish populations. Life-cycle strategies of fish populations in shelf areas next to western
boundary currents are known to include winter spawning in subtropical regions and subsequent poleward larval transport within eddies to temperate
juvenile habitats (Mullaney et al., 2011).
Cold-core eddies can create preferred feeding regions for birds and predators, due to the increased productivity within them (Swart et al., 2008). The
southern elephant seal Mirounga leonina is known to preferentially forage within cold-core eddies along the Polar Front (Bailleul et al., 2010).
Cold-core eddies are generally more productive and more visible on sea-surface colour maps than are warm-core eddies, though this is dependent on
local conditions (Suthers et al., 2011, Murphy et al., 2001).

Warm-core eddy communities
Warm-core eddies are anticyclonic and bring warmer water down from the surface. They can support production in their centres, but most often entrain
nutrient-rich coastal waters to support production at their perimeters (McGillicuddy Jr et al., 1999). Warm-core eddies in the East Australian Current (EAC)
have also been shown to be distinctive from the Tasman sea properties surrounding them, and are able to function as plankton incubators, with
mesozooplanton increasing and evolving within them (Suthers et al., 2011). Phyllosoma (lobster larvae) are less prevalent in warm-core eddies of the EAC
than in surrounding waters (Suthers et al., 2011).
Zooplankton assemblages in both warm- and cold-water eddies in the Leeuwin Current were found to be highly diverse. In the Leeuwin Current
(LC), satellite and cruise data for two eddies showed higher chlorophyll-a biomass in the anticyclonic eddy than the cyclonic eddy (Feng et al., 2007). As a
western boundary current, the LC behaves differently to the EAC, with eddies becoming trapped closer to the coast.
Grey-headed albatross Thassarche chrysostoma, penguins and seals in the Prince Edward Islands are known to forage on the edges of warm-core eddies
created by the Agulhas Return Current to the north and the Antarctic Circumpolar Current to the southwest. Grey-headed albatross were found to be
predominantly catching the predatory fish Magnisudis prionosa and the squid Martalia hyadesi (Nel et al., 2001). Black-Browed and Campbell Albatrosses
have also been shown to prefer warm-core eddies for feeding (Wakefield et al., 2010). The preference of top predators is based on areas where prey are
breeding locally or where they are advected by the mesoscale eddies (Bost et al., 2009).
Differences in community structure between cold- and warm-core eddies depend on the water properties, nutrients and biomass present during eddy
formation.

Geographic distribution
Mesoscale eddies are prevalent around the globe, but are most often associated with large ocean currents. The global distribution of mesoscale eddies is
usually mapped using sea-surface height (SSH) or sea-surface colour (SSC) satellite data.
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This modified map of SSH extracted from TOPEX/Poseidon and ERS-1 data shows the global eddy distribution on 28 August 1996 (Chelton et al., 2011).
The behaviour of mesoscale eddies and their role in nutrient transport and the life cycle of marine species varies among geographic locations. Eastern and
western boundary currents, in particular, display different eddy behaviours, with the East Australian Current restricting onshore transport and effectively
transporting shelf waters offshore, and the Leeuwin Current preferentially promoting onshore transport (Condie et al., 2011). Eddies may remain entrained
with current flow or split off into the open ocean, to later dissipate their energy offshore.

Additional information
Mesoscale eddy formation
Mesoscale eddies are often formed in large currents such as the Antarctic Circumpolar Current. Mesoscale and smaller eddies may also be formed from
the interaction of wind stress over the open ocean, the flow of water around or over topographic structures, through divergence and convergence creating
upwelling and downwelling or through any combination of the above (Feng et al., 2007). Eddies develop in large baroclinically unstable currents when the
horizontal pressure gradient force and the Coriolis force interact, pinching off meanders and sending circulating bodies of water with contained properties
off the main flow of the current (Suthers et al., 2011).
Eddies are important in the transport of nutrients, energy, momentum, water properties, and communities (Everett et al., 2012).

Climate change
Climate change is likely to affect the global ocean circulation and thus the energy available to eddy generation. The East Australian Current is
strengthening, and will probably continue to bring warmer water further south, affecting fisheries and the distribution of species as it sheds eddies along its
flow (Suthers et al., 2011). The changing climate may affect where eddies are being formed and dissipated worldwide. This is an area of ongoing research
both in the processes involved and the effects on local species.

People

References
BAILLEUL, F., COTTÉ, C. & GUINET, C. 2010. Mesoscale eddies as foraging area of a deep-diving predator, the southern elephant seal. Marine Ecology
Progress Series, 408, 251-264.
BOST, C. A., COTTÉ, C., BAILLEUL, F., CHEREL, Y., CHARRASSIN, J. B., GUINET, C., AINLEY, D. G. & WEIMERSKIRCH, H. 2009. The importance of
oceanographic fronts to marine birds and mammals of the southern oceans. Journal of Marine Systems, 78, 363-376.
CONDIE, S. A., MANSBRIDGE, J. V. & CAHILL, M. L. 2011. Contrasting local retention and cross-shore transports of the East Australian Current and the
Leeuwin Current and their relative influences on the life histories of small pelagic fishes. Deep-Sea Research Part II: Topical Studies in Oceanography, 58,
606-615.

Southern Ocean Knowledge and Information wiki

Page 2

EVERETT, J., BAIRD, M. & SUTHERS, I. 2011. Threedimensional structure of a swarm of the salp Thalia democratica within a coldcore eddy off southeast
Australia. Journal of Geophysical Research: Oceans (1978–2012), 116.
EVERETT, J. D., BAIRD, M. E., OKE, P. R. & SUTHERS, I. M. 2012. An avenue of eddies: Quantifying the biophysical properties of mesoscale eddies in
the Tasman Sea. Geophysical Research Letters, 39.
FENG, M., MAJEWSKI, L. J., FANDRY, C. B. & WAITE, A. M. 2007. Characteristics of two counter-rotating eddies in the Leeuwin Current system off the
Western Australian coast. Deep Sea Research Part II: Topical Studies in Oceanography, 54, 961-980.
GRUBER, N., LACHKAR, Z., FRENZEL, H., MARCHESIELLO, P., MUNNICH, M., MCWILLIAMS, J. C., NAGAI, T. & PLATTNER, G.-K. 2011. Eddyinduced reduction of biological production in eastern boundary upwelling systems. Nature Geosci, 4, 787-792.
KAHRU, M., MITCHELL, B. G., GILLE, S. T., HEWES, C. D. & HOLM-HANSEN, O. 2007. Eddies enhance biological production in the Weddell-Scotia
Confluence of the Southern Ocean. Geophysical Research Letters, 34.
LEDWELL, J. R., MCGILLICUDDY JR, D. J. & ANDERSON, L. A. 2008. Nutrient flux into an intense deep chlorophyll layer in a mode-water eddy. DeepSea Research Part II: Topical Studies in Oceanography, 55, 1139-1160.
MCGILLICUDDY JR, D. J., ANDERSON, L. A., BATES, N. R., BIBBY, T., BUESSELER, K. O., CARLSON, C. A., DAVIS, C. S., EWART, C., FALKOWSKI,
P. G., GOLDTHWAIT, S. A., HANSELL, D. A., JENKINS, W. J., JOHNSON, R., KOSNYREV, V. K., LEDWELL, J. R., LI, Q. P., SIEGEL, D. A. &
STEINBERG, D. K. 2007. Eddy/Wind interactions stimulate extraordinary mid-ocean plankton blooms. Science, 316, 1021-1026.
MCGILLICUDDY JR, D. J., JOHNSON, R., SIEGEL, D. A., MICHAELS, A. F., BATES, N. R. & KNAP, A. H. 1999. Mesoscale variations of biogeochemical
properties in the Sargasso Sea. Journal of Geophysical Research C: Oceans, 104, 13381-13394.
MULLANEY, T. J., MISKIEWICZ, A. G., BAIRD, M. E., BURNS, P. T. P. & SUTHERS, I. M. 2011. Entrainment of larval fish assemblages from the inner
shelf into the East Australian Current and into the western Tasman Front. Fisheries Oceanography, 20, 434-447.
MURPHY, R. J., PINKERTON, M. H., RICHARDSON, K. M., BRADFORDGRIEVE, J. M. & BOYD, P. W. 2001. Phytoplankton distributions around New
Zealand derived from SeaWiFS remotelysensed ocean colour data. New Zealand Journal of Marine and Freshwater Research, 35, 343-362.
NEL, D., LUTJEHARMS, J., PAKHOMOV, E., ANSORGE, I., RYAN, P. & KLAGES, N. 2001. Exploitation of mesoscale oceanographic features by greyheaded albatross Thalassarche chrysostoma in the southern Indian Ocean. Marine Ecology Progress Series, 217, 15-26.
POND, S. & PICKARD, G. L. 1983. Introductory Dynamical Oceanography, Butterworth-Heinemann.
SUTHERS, I. M., YOUNG, J. W., BAIRD, M. E., ROUGHAN, M., EVERETT, J. D., BRASSINGTON, G. B., BYRNE, M., CONDIE, S. A., HARTOG, J. R.,
HASSLER, C. S., HOBDAY, A. J., HOLBROOK, N. J., MALCOLM, H. A., OKE, P. R., THOMPSON, P. A. & RIDGWAY, K. 2011. The strengthening East
Australian Current, its eddies and biological effects — an introduction and overview. Deep Sea Research Part II: Topical Studies in Oceanography, 58, 538546.
SWART, N. C., ANSORGE, I. J. & LUTJEHARMS, J. R. E. 2008. Detailed characterization of a cold Antarctic eddy. Journal of Geophysical Research:
Oceans, 113, C01009.
WAKEFIELD, E. D., PHILLIPS, R. A., TRATHAN, P. N., ARATA, J., GALES, R., HUIN, N., ROBERTSON, G., WAUGH, S. M., WEIMERSKIRCH, H. &
MATTHIOPOULOS, J. 2010. Habitat preference, accessibility, and competition limit the global distribution of breeding Black-browed Albatrosses. Ecologica
l Monographs, 81, 141-167.

Citation
Please cite this page as:
SOKI Wiki (2014) Thursday 17 Apr 2014.
Page contributors: Administrator , Bex Dunn , Ed Urban
Page last modified: Apr 17, 2014 11:50

Southern Ocean Knowledge and Information wiki

Page 3

