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Executive summary  
 
Major changes have taken place in both the plant (phyto- ) and animal 
(zoo- ) plankton of the seas around the British Isles over the last few 
decades. They include: 
 

• The important decadal climate indicator for the North Atlantic, the NAO, 
has been rising along with Northern Hemisphere Temperatures over 
the past 30 years and the surface waters of the European Continental 
shelf have been warming. This has caused extensive changes in the 
planktonic ecosystem in terms of plankton production, biodiversity and 
species distribution which has had effects on fisheries production and 
other marine life (e.g. seabirds) (Reid & Edwards, 2001; Edwards et al, 
2001, 2002; Beaugrand et al, 2003, 2004; Richardson & Schoeman, 
2004; Southward et al, 2004; Alheit et al, 2005; Heath, 2005) . 

 
• In the North Sea the population of the previously dominant and 

important zooplankton species, (the cold water species Calanus 
finmarchicus) has declined in biomass by 70% since the 1960s. 
Species with warmer-water affinities are moving northward to replace 
the species but are not numerically as abundant (Beaugrand et al, 
2004; Edwards et al, 2007). 
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• There has been a northward shift in the distribution of many plankton 
and fish species by more than 10o latitude (over 1000km) over the past 
fifty years. This shift is particularly associated with the shelf edge 
current running north along the European continental margin 
(Beaugrand et al, 2002; Brander et al, 2003; Genner et al, 2004). 

 
• The seasonal timing of plankton production also altered in response to 

recent climate changes.  Some species are occurring up to four to six 
weeks earlier than 20 years ago. This has consequences for plankton 
predator species, including fish, whose life cycles are timed in order to 
make use of seasonal production of particular prey species (Edwards & 
Richardson, 2004). 

 
• The decline of the European cod stocks due to overfishing has been 

exacerbated by climate induced changes in plankton production. The 
survival of young cod in the North Sea appears to depend on the 
abundance, seasonal timing and size composition of their planktonic 
prey. As the stocks declined they have become more sensitive to the 
effects of regional climate warming due to shrinkage of the age 
distribution and geographic extent (Brander, 2005). 

 
• Future warming is likely to alter the geographical distribution of primary 

and secondary pelagic  production, affecting ecosystem services 
such as oxygen production, carbon sequestration  and 
biogeochemical cycling . These changes may place additional 
stress on already-depleted fish stocks as well as have consequences 
for mammal and seabird populations. 

 
Full review  
 
Overview 
 
In Northern European Seas and waters surrounding the British Isles changes 
in both plant (phyto- ) and animal (zoo- ) plankton species and communities 
have been associated with Northern Hemisphere Temperature (NHT) trends 
and variations in the North Atlantic Oscillation (NAO) index (Edwards et al, 
2001; Beaugrand & Reid, 2003). These have included changes in species 
distributions and abundance (Beaugrand et al 2002), the occurrence of sub-
tropical species in temperate waters, changes in overall phytoplankton 
biomass and seasonal length (Edwards et al, 2001), changes in the North Sea 
ecosystem (Reid & Edwards, 2001; Edwards et al, 2002; Beaugrand 2004), 
community shifts, phenological  changes and changes in species 
interactions (Edwards & Richardson, 2004). These major changes in the 
plankton primarily caused by regional climate warming have had important 
impacts on other higher trophic levels  (e.g. fish, seabirds). Future warming 
is likely to alter the geographical distribution of primary and secondary 
plankton production (0-5 yrs), affecting ecosystem services such as oxygen 
production, carbon sequestration  and biogeochemical cycling (20-50yrs). 
Ocean acidification may become a problem in the future (100yrs). 
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Introduction 

 
Plankton are at the base of the food chain and are the source of food for all 
other marine organisms.  The carrying capacity of ecosystems in terms of the 
size of fish resources and recruitment to individual stocks is highly dependent 
on variations in the abundance, timing and composition of the plankton. These 
organisms also play a crucial role in climate change through the export of the 
important greenhouse gas CO2 to the deep ocean by carbon sequestration in 
what is known as the ‘biological pump’. Without this process concentrations of 
CO2 would be much higher in the atmosphere and the climate of the world 
would be much warmer. 

 
Future change 

 
Regional climate warming has had and is continuing to have a major effect on 
the plankton in Northern European seas. Future warming is likely to alter the 
geographical distribution of primary and secondary plankton production (0-5 
yrs), affecting ecosystem services such as oxygen production, carbon 
sequestration and biogeochemical cycling (20-50 yrs). These changes may 
place additional stress on already-depleted fish stocks as well as have 
consequences for mammal and seabird populations. Ocean acidification may 
become a problem in the future (100yrs) and has the potential to affect the 
process of calcification, therefore certain organisms such as molluscs and 
components of the plankton may be particularly vulnerable to future CO2 
emissions (Feely et al, 2004). Potentially, chemical changes to the oceans 
and its effect on the biology of the oceans could reduce the ocean’s ability to 
absorb additional CO2 from the atmosphere which in turn could affect the rate 
and scale of global warming. 

 
 
Natural variability vs human induced climate change 
 
The observed changes have been significantly linked to regional hydro-
climatic variability (sea surface temperature, salinity, oceanic inflow, wind 
strength and direction, nutrients and water column stability) that is associated 
with regional climate warming, the NAO  and NHT. It is the significant 
statistical association with the latter index of hemispheric warming that 
suggests that the changes are a regional response to global warming. The 
observations summarised in the executive summary primarily come from the 
75 year old Continuous Plankton Recorder (CPR)  survey, but are 
confirmed by other single point time series such as that collected at Helgoland 
and through intercomparison with satellite measurements. 
 
Relative importance of climate change to other human pressures 
 
Other factors such as eutrophication, fisheries and future acidification may 
also contribute to plankton variability, but they are believed at present, by 
general consensus, to be less important than hydro-climatic forcing at large 
regional scales. However, eutrophication may be a problem at local-scales 
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(Edwards et al, 2006) in certain areas and acidification may be a serious 
problem in the future if planktonic organisms are unable to adapt fast enough 
to the changing environment. Little is known of the adaptive capacities of 
plankton organisms, however, due to their fast regeneration times they may 
be able to adapt faster than higher organisms; There is some evidence from 
the southern North Sea that climate change might exacerbate eutrophication 
effects. In summary, at the ecoregional scale climate change is the dominant 
driver of long-term plankton trends. 
 
Regional Variations 
 
At the provincial (Northern European Seas) and ecoregional scale (i.e. North 
Sea, Celtic Sea) there are no major significant differences to general trends. 
Climate change impacts, however, are more exacerbated in the southern 
North Sea due to this region warming faster than other Northern European 
sea areas. There is smaller-scale variability in the patterns of change seen in 
the plankton, but the general trends described in the executive summary are 
characteristic of all waters around the UK. 
 
Confidence assessments  
 
‘What is already happening’ – Medium 
 
‘What could happen in the future’ - Low 
 
There is a medium to high level of confidence in what is happening to the 
plankton now based on information from the CPR  survey and corroborated 
through smaller-scale surveys and satellite observations. For example, 
changes in the biogeography and phenology of plankton are highly 
significantly correlated with Northern Hemisphere Temperature changes. We 
are less (medium to low) confident of future scenarios. 
 
Knowledge gaps  

 
• Understanding and predicting rapid and abrupt ecosystem shifts. 
• Mechanistic links between climate warming, plankton and fisheries 

to form a predictive capacity. 
• Understanding the rate of genetic adaptation to climate change 

impacts. 
• Identifying species or communities particularly vulnerable to climate 

change impacts. 
• Understanding the processes involved in the biological pump and 

quantifying its global spatial and temporal variability. 
• Determining the mechanisms behind observed temperature 

increases off the continental margins of Europe including 
advective  processes and their effect on Northern European Seas. 

• Filling major gaps in the coverage of pelagic and biochemical 
measurements in the global oceans in particular the Arctic 
Oceans and Nordic Seas. 
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Commercial impacts  
 
The changes in the plankton have had a major impact on commercial fish 
stocks and the general carrying capacity and health of marine ecosystems. 
For example, the decline in gadoid biomass, especially cod has been linked 
with plankton, and can also explain the marked reduction in returns of salmon 
to home waters (Beaugrand et al, 2003; Beaugrand & Reid, 2003). A climate 
link has also been established between plankton, sandeels and seabirds 
(Frederiksen et al, 2006). 
 
References 
 
Alheit J, Mollmann C, Dutz J, Kornilovs G, Loewe P, Mohrholz V, Wasmund N 

(2005) Synchronous ecological regime shifts in the central Baltic and 
the North Sea in the late 1980s. ICES J Mar Sci 62:1205-1215 

 
Beaugrand G (2004) The North Sea regime shift: evidence, causes, 

mechanisms and consequences. Prog Oceanogr 60:245-262 
 
Beaugrand G, Brander KM, Lindley JA, Souissi S, Reid PC (2003) Plankton 

effect on cod recruitment in the North Sea. Nature 426:661-664 
 
Beaugrand G, Reid PC (2003) Long-term changes in phytoplankton, 

zooplankton and salmon related to climate. Global Change Biology 
9:801-817 

 
Beaugrand G, Reid PC, Ibanez F, Lindley JA, Edwards M (2002) 

Reorganization of North Atlantic Marine Copepod Biodiversity and 
Climate. Science 296:1692-1694 

 
Brander K (2005) Cod recruitment is strongly affected by climate when stock 

biomass is low. ICES J Mar Sci 62:339-343 
 
Brander K, Blom G, M.F. B, Erzini K, Henderson G, Mackenzie BR, Mendes 

H, Ribeiro J, Santos AMP, Toresen R (2003) Changes In Fish 
Distribution In The Eastern North Atlantic: Are We Seeing A Coherent 
Response To Changing Temperature? . ICES Marine Science 
Symposia 219:261-270 

 
Edwards M, Beaugrand G, Reid PC, Rowden AA, Jones MB (2002) Ocean 

climate anomalies and the ecology of the North Sea. Marine Ecology-
Progress Series 239:1-10 

 
Edwards M, Johns DG, Leterme SC, Svendsen E, Richardson AJ (2006) 

Regional climate change and harmful algal blooms in the northeast 
Atlantic. Limnol Oceanogr 51:820-829 

 
Edwards M, Licandro P, Johns DG, John AWG, Stevens DP (2007) Ecological 

Status Report: results from the CPR survey 2004/2005. SAHFOS 
Technical Report 4:1-8 

5 



MCCIP Annual Report Card 2007-2008 Scientific Review  - Plankton 

 
Edwards M, Reid P, Planque B (2001) Long-term and regional variability of 

phytoplankton biomass in the Northeast Atlantic (1960-1995). ICES J 
Mar Sci 58:39-49 

 
Edwards M, Richardson AJ (2004) Impact of climate change on marine 

pelagic phenology and trophic mismatch. Nature 430:881-884 
 
Feely RA, Sabine CL, Lee K, Berelson W, Kleypas J, Fabry VJ, Millero FJ 

(2004) Impact of Anthropogenic CO sub(2) on the CaCO sub(3) 
System in the Oceans. Science (Wash) 305:362-366 

 
Frederiksen M, Edwards M, Richardson AJ, Halliday NC, Wanless S (2006) 

From plankton to top predators: bottom-up control of a marine food 
web across four trophic levels. Journal of Animal Ecology, doi: 
10.1111/j.1365-2656.2006.01148.x 

 
Genner MJ, Sims DW, Wearmouth VJ, Southall EJ, Southward AJ, 

Henderson PA, Hawkins SJ (2004) Regional climatic warming drives 
long-term community changes of British marine fish. Proc R Soc Lond, 
Ser B: Biol Sci 271:655-661 

 
Heath MR (2005) Changes in the structure and function of the North Sea fish 

foodweb, 1973-2000, and the impacts of fishing and climate. ICES J 
Mar Sci 62:847-868 

 
Reid PC, Edwards M (2001) Long-term changes in the pelagos, benthos and 

fisheries of the North Sea. Senckenbergiana Maritima 31:107-115 
 
Richardson AJ, Schoeman DS (2004) Climate Impact on Plankton 

Ecosystems in the Northeast Atlantic. Science (Wash) 305:1609-1612 
 
Southward AJ, Langmead O, Hardman-Mountford NJ, Aiken J, Boalch GT, 

Dando PR, Genner MJ, Joint I, Kendall MA, Halliday NC, Harris RP, 
Leaper R, Mieszkowska N, Pingree RD, Richardson AJ, Sims DW, 
Smith T, Walne AW, Hawkins SJ (2004) Long-Term Oceanographic 
and Ecological Research in the Western English Channel. Adv Mar Biol 
47:1-105 

 
 
 
 
 

6 


	Topic
	Plankton
	Author(s)
	Organisation(s) represented

	Knowledge gaps 
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


