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EXECUTIVE SUMMARY  

 

Extensive changes in plankton ecosystems around the British Isles over the 

last 60 years, including production, biodiversity and species distributions, 

have had effects on fisheries production and other marine life. This has been 

mainly driven by climate variability and ocean warming. These changes 

include: 

 

¶ Extensive changes in the planktonic ecosystem in terms of plankton 

production, biodiversity, species distribution which have effects on 

fisheries production and other marine life (e.g. seabirds). 

¶ 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 (e.g. Calanus helgolandicus) are 

moving northwards to replace the species, but are not as numerically 

abundant. 

¶ There has been a shift in the distribution of many plankton and fish 

species around the planet. For example, during the last 50 years there 

has been a northerly movement of some warmer water plankton by 

10° latitude in the North-east Atlantic and a similar retreat of colder 

water plankton northwards (a mean poleward movement of between 

200ï250 km per decade). 

¶ The seasonal timing of some plankton production has also altered in 

response to recent climate changes.  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. 

¶ The decline of the European cod stocks due to overfishing may have 

been exacerbated by climate warming and climate-induced changes in 

plankton production (Beaugrand et al., 2003). It is hypothesised that 

the survival of young cod in the North Sea depends on the abundance, 

seasonal timing and size composition of their planktonic prey. As the 
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stocks declined, they have become more-sensitive to the effects of 

regional climate warming due to shrinkage of the age distribution and 

geographic extent. 

¶ 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. Additionally, melting of Arctic 

waters may increase the likelihood of trans-Arctic migrations of 

species between the Pacific and Atlantic oceans. 

 

 

 

1. PLANKTON AND CLIMATE CHANGE IMPACTS  

 

Plankton includes both the free-floating photosynthesising life of the oceans, 

as well as marine microscopic animals.  Algal phytoplankton, bacteria and 

other photosynthesising protists produce c. 50% of net global primary 

production (Field et al., 1998). They export carbon to the deep ocean and as 

the base of the marine food-web provide food for the animal plankton 

(zooplankton) which in turn provides food for many other marine lifeforms 

ranging from microscopic organisms to baleen whales. The carrying capacity 

of pelagic ecosystems in terms of the size of fish resources and recruitment 

to individual stocks as well as the abundance of marine wildlife (e.g. seabirds 

and marine mammals) is highly dependent on variations in the abundance, 

seasonal timing and composition of this plankton. 

 

In marine environments, the main drivers of change include climate warming, 

point-source eutrophication, deoxygenation and unsustainable fishing 

(Edwards, 2016).  Furthermore, unique to the marine environment, 

anthropogenic CO2 is also associated with Ocean Acidification (OA). OA has 

the potential to affect the process of calcification and therefore certain 

planktonic organisms dependent on calcium carbonate for shells and 

skeletons (e.g. coccolithophores, foraminifera, pelagic molluscs, 

echinoderms) may be particularly vulnerable to increasing CO2 emissions 

(Edwards, 2016). It is also worth noting that while pelagic systems are 

undergoing large changes caused by climate change, they have also been 

identified as a form of mitigation of climate change through possible human 

manipulation of these systems through geoengineering. It has been shown that 

at small scales the addition of iron to certain oceanic environments (ocean 

fertili sation) can increase productivity and net export of carbon to the deep 

ocean. However, this approach is still controversial with largely unknown 

long-term ramifications for marine ecosystems at the large scale. For 

example, it could lead to negative effects such as the stimulation of Harmful 

Algal Blooms (HABs) or hypoxia, but further investigations are needed 

(Güssow et al., 2010). While there are a myriad of pressures and intertwined 
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multiple drivers on the marine environment and on plankton ecosystems, 

some of which are synergistic (for example, the interaction of temperature, 

ocean acidification and hypoxia) in this report, the focus is on the effects of 

climate change impacts on planktonic communities.  

 

 

1.1 Plankton in the policy context 

 

As understanding of the ecological role of plankton in marine systems has 

developed, plankton have become increasingly used as indicators of 

environmental status to support marine management under European 

management mechanisms, which are implemented in UK waters. The UKôs 

Marine Strategy and the EU Marine Strategy Framework Directive (MSFD) 

(European Commission, 2008) seek to achieve óGood Environmental Statusô 

(GES) for European Seas. As the base of the marine pelagic ecosystem, 

indicators of plankton community structure are used to assess the ópelagic 

habitatô component of UK and European marine ecosystems under the 

Directive and Marine Strategy, and are representative of broader pelagic 

ecosystem status. A suite of plankton indicators recently developed for these 

policy drivers captures aspects of pelagic diversity (McQuatters-Gollop et al., 

2019; OSPAR, 2017e), functioning (OSPAR, 2017c) and productivity 

(OSPAR, 2017b, d) in the North-East Atlantic and are included in the 

biodiversity and food-webs state assessments under the MSFD at the OSPAR 

level and the Marine Strategy at the UK level, while chlorophyll a is used as 

a eutrophication indicator (OSPAR, 2017a). A key challenge under these 

policy drivers is separating plankton change driven by climate change from 

change in plankton caused by directly manageable pressures, such as nutrients 

and fishing (McQuatters-Gollop, 2012). This information is required so that 

management efforts can be effectively focused.  

 

Complementarily to the MSFD and UK Marine Strategy that focus on 

regional- and national-scale management of marine waters, nearshore 

phytoplankton are integral to the EU Water Framework Directive (European 

Commission, 2000) which aims to achieve GES of European waters within 

one nautical mile of shore; the UK remains committed to this goal post-

Brexit. Plankton indicators under the Water Framework Directive (WFD) are 

primarily linked to eutrophication pressures (Devlin et al., 2009). The EU 

Control of Products of Animal Origin Regulation mandates the monitoring of 

potential toxin-producing phytoplankton species in shellfish production areas 

as part of a statutory monitoring programme to protect human health from 

algal toxins (European Commission, 2017). 

 

Each of these legislative examples demonstrates the importance of plankton 

monitoring programmes for managing marine resources, informing 

conservation measures, and protecting human health.  
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1.2 Plankton and climate change impacts: the North Atlantic wide 

context 

 

Large-scale trends in plankton and climate variability 

The Continuous Plankton Recorder (CPR) survey is a long-term, sub-surface, 

marine plankton monitoring programme consisting of a network of CPR 

transects towed monthly across the major geographical regions of the North 

Atlantic. It provides excellent spatial and temporal coverage around the 

British Isles. It has been operating in the North Sea since 1931 with some 

standard routes existing with a virtually unbroken monthly coverage back to 

1946. Figure 1 and Table 1 show the distribution of CPR samples and the 

number of CPR samples in the eight UK ecoregional areas in the North-East 

Atlantic.  The CPR covers most ecoregional areas very well with the 

exception of the Inner Hebrides of Western Scotland (Region 6) where 

sampling was not good enough to provide multidecadal timeïseries data and 

trends. To summarise the long-term trends in plankton at the large-scale, we 

used a number of indices of plankton from the CPR survey that included the 

sum of the abundance of all counted diatoms (number of taxa: 125) and all 

counted dinoflagellates (number of taxa: 79) and total copepod numbers 

(number of taxa: 196) for these eight ecoregional areas (Figures 2, 3 and 4).  

Using bulk indices like this is less sensitive to environmental change and will 

quite often mask the subtleties that individual species will provide; however, 

it is thought that these bulk indices represent the general functional group 

response of plankton to the changing environment an approach that has been 

adopted for the assessment of GES for the MSFD. 

 

In the North Atlantic, at the ocean-basin scale and over multidecadal periods, 

changes in plankton species and communities have been associated with 

Northern Hemisphere Temperature (NHT) trends and natural climate 

variability such as the Atlantic Multidecadal Oscillation (AMO); the East 

Atlantic Pattern (EAP) and variations in the North Atlantic Oscillation (NAO) 

index (Edwards et al., 2013a). These have included changes in species 

distributions and abundance, the occurrence of sub-tropical species in 

temperate waters, changes in overall plankton biomass and seasonal length, 

changes in the ecosystem functioning and productivity of the North Atlantic 

(Beaugrand et al., 2003; Edwards et al., 2001; Edwards et al., 2002; Edwards 

and Richardson, 2004; Reid and Edwards, 2001). 
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Figure 1: Distribution of CPR samples in UK sea regions (top) and monthly sampling effort 

from 1958ï2016 (bottom; see Table 1). Based on the Charting Progress 2 assessment 

which sub-divides the UK sea area into eight regions. Total sampling effort based on 

monthly sampling in UK regional seas, highest percentile in red and lowest percentile in 

blue. 
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Table 1: UK regional areas and number of CPR samples per region 

 

Area number Area name Number of samples Colour on map 

1 Northern North Sea 21 824 Dark blue 

2 Southern North Sea 10 152 Blue 

3 Eastern Channel 1669 Light blue 

4 Western Channel and 

Celtic Sea 

10 568 Green 

5 Irish Sea 3498 Yellow 

6 Minches and Western 

Scotland 

144 Orange 

7 Scottish Continental 

Shelf 

5724 Light red 

8 Atlantic North West 

Approaches and 

FaroeïShetland 

Channel and Rockall 

Trough and Bank 

6180 Dark red 

 

 

Contemporary observations over a 10-year period of satellite in-situ blended 

ocean chlorophyll records indicate that global ocean net primary production 

has declined over the last decade, particularly in the oligotrophic gyres of the 

worldôs oceans (Behrenfeld et al., 2006). However, over the whole temperate 

North-East Atlantic, there has been an increase in phytoplankton biomass 

with increasing temperatures but a decrease in phytoplankton biomass in 

warmer regions to the south (Richardson and Schoeman, 2004). These 

changes have been linked to changes in the climate and temperature of the 

North Atlantic over the last 50 years.  

 

It must be noted, however, that climate variability has a spatially 

heterogeneous impact on plankton in the North Atlantic and around the 

Briti sh Isles and not all ecoregional areas are correlated to the same climatic 

index. For example, trends in the AMO are particularly prevalent in the 

oceanic regions and in the sub-polar gyre of the North Atlantic and the NAO 

has a bigger impact in the shallower southern North Sea (Harris et al., 2014).  

This is also apparent with respect to the Northern Hemisphere Temperature 

where the response is also spatially heterogeneous with areas of the North-

East Atlantic and shelf areas of the North-West Atlantic warming faster than 

the North Atlantic average and some areas like the sub-polar gyre actually 

cooling. Similarly, abrupt ecosystem shifts do not always occur in the same 

region or at the same time. The major shift that occurred in plankton in the 

late 1980s was particularly prevalent in the North Sea and was not seen in 

oceanic regions of the North Atlantic. However, a similar ecosystem shift 

occurred in the plankton abundance 10 years later in the Icelandic Basin and 

in oceanic regions west of the British Isles. The different timing and differing 

regional responses to ecological shifts have been associated with the 
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movement of the 10°C thermal boundary as it moves northwards in the North 

Atlantic as a result of climate warming (Edwards et al., 2013). 

 

In examining the long-term trends in the plankton indices, the general pattern 

is an increase in phytoplankton biomass for most regions in the North Atlantic 

and in the ecoregions around the British Isles, with differing timings for the 

main step-wise increase occurring being later in oceanic regions compared to 

the North Sea. For the diatoms there is not really a predominant trend for the 

North Atlantic Basin as a whole (Figure 2) but some regions show a strong 

cyclic behaviour over the multidecadal period.  The time signal resembles an 

oscillation of about 50 to 60 years featuring a minimum around 1980, 

reflecting changes in the AMO signal. Particularly large increases in diatom 

abundance over the last few years are seen in the Irish Sea (area 5).  For the 

dinoflagellates there has been a general increase in abundance in the North-

West Atlantic and a decline in the North-east Atlantic over a multidecadal 

period (see Figure 3). In particular, some regions of the North Sea have 

experienced a sharp decline over the last decade. This decline has been mainly 

caused by the dramatically reduced abundance of the dinoflagellate Tripos 

genus (previously Neoceratium and Ceratium Gomez 2013) in the North Sea. 

However, Tripos abundance has recovered in the North Sea over the last 5 

years. Particularly large decreases in dinoflagellate abundances are seen in 

offshore areas to the west of Scotland (area 8).  
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Figure 2: Total diatom abundance (standardised) for the eight ecoregions around the British 

Isles from 1958ï2016. Total diatoms produced using 125 taxa.  
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Figure 3: Total dinoflagellate abundance (standardised) for the eight ecoregions around the 

British Isles from 1958ï2016. Total dinoflagellates produced using 79 taxa. 

 

Trends in copepod abundances (Figure 4: only large copepod species 

abundance shown) have been more stable in offshore regions, but the small 

species have shown a large decrease in abundance over the last few years, 

particularly in the southern North Sea and English Channel (areas 2 and 3). 

In summary, while climate warming is a major driver for the overall biomass 

of phytoplankton, diatoms are less influenced by temperature and show a 

strong correlation with the AMO signal and wind intensity in many regions 

(Edwards et al. 2013; Harris et al. 2014).   
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Figure 4: Total large copepod abundance >2mm (standardised) for the eight ecoregions 

around the British Isles from 1958ï2016. Total copepods produced using 196 taxa. 

 

West of the British Isles,  the progressive freshening of the Labrador Sea 

region, attributed to climate warming, and the increase in freshwater input to 

the ocean from melting ice, has resulted in the increasing abundance, blooms 

and shifts in seasonal cycles of dinoflagellates due to the increased stability 

of the water-column. Similarly, increases in coccolithophore blooms in the 

Barents Sea and changes in the distribution of harmful algal bloom species in 

the North Sea over a multi decadal scale are associated with negative salinity 

anomalies and warmer temperatures leading to increased stratification 

(Edwards et al., 2006).  
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To the north of the British Isles, the Barents Sea and Arctic sea regions have 

been warming at a faster rate than other regional areas of the North Atlantic 

(Rahmstorf et al., 2015). Taking the North Atlantic as a whole, of particular 

note is the emergence of a coldwater anomaly in the North Atlantic south of 

Greenland (sub-polar gyre region) since 2014 (see Figure 5). This area 

experienced record cold conditions in 2015 thought to be caused by Atlantic 

wide circulation changes and specifically by the slowing down of the Atlantic 

Meridional Overturning Circulation (AMOC) (Rahmstorf et al., 2015; Caesar 

et al., 2018). The consequences of this anomaly on the climate, Atlantic 

circulation and plankton of the North Atlantic will be an ongoing and pressing 

investigation. 

 

 
 

Figure 5: Maps of Sea Surface Temperature (SST) anomalies for 2014 (left) and 2015 (right) 

for the Northern Hemisphere. Anomalies calculated on the mean of the period 1960ï2013 

for 2014 and 1960ï2014 for 2015. Based on GISS data http://data.giss.nasa.gov/gistemp/. 

See also SAHFOS Global Marine Ecological Status Report for more information (Edwards 

et al., 2016). 

 

In summary, in the North Atlantic, at the ocean-basin scale and over 

multidecadal periods, changes in plankton species and communities have 

been impacted by climate change with strong correlations with the Northern 

Hemisphere Temperature (NHT), the Atlantic Multidecadal Oscillation 

(AMO), the East Atlantic Pattern (EAP) and variations in the North Atlantic 

Oscillation (NAO) index.  It is estimated that 50% of the change is down to 

natural climate variability (e.g. AMO and NAO index) and the other due to 

forced anthropogenic warming (Harris et al., 2014). These have included 

changes in species distributions and abundance, the occurrence of sub-

tropical species in temperate waters, changes in overall plankton biomass and 

seasonal length, changes in the ecosystem functioning and productivity of the 

North Atlantic (Beaugrand et al., 2003; Edwards et al., 2001; Edwards et al., 

2002; Reid and Edwards, 2001; Edwards and Richardson, 2004). Over the 

last five decades there has been a progressive increase in the presence of 

warm-water/sub-tropical species into the more temperate areas of the North-
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East Atlantic and a decline of colder-water species. The mass biogeographical 

movements are related to climate change and the warming of the North 

Atlantic. A particularly interesting feature over the last five years is the 

decline in subarctic species to the south-east of Iceland and their movement 

to the north and west (Edwards et al., 2016). 

 

Northward shifts and seasonal (phenology) indicators  

A useful indicator of the warming trend in the North Sea (a northward shift 

indicator) is the percent ratio of the cold-temperate Calanus finmarchicus and 

the warm-temperate Calanus helgolandicus copepod species (Figure 6) 

(Edwards et al., 2016). Although these species are very similar, they occupy 

distinct thermal niches. The thermal boundary for the arctic-boreal distributed 

copepod C. finmarchicus in the North-East Atlantic lies between ~10ï11°C 

isotherm and is a useful indicator of major biogeographical provinces.  C. 

helgolandicus usually has a northern distributional boundary of 14°C and has 

a population optimum lying between 10ï20°C. These two species can 

therefore overlap in their distributions. When these two species co-occur there 

is a tendency for high abundances of C. finmarchicus earlier in the year and 

C. helgolandicus later in the year. There is clear evidence of thermal niche 

differentiation between these two species as well as successional partitioning 

in the North Sea, probably related to cooler temperatures earlier in the year 

and warmer temperatures later in the year (Edwards et al., 2016). Over a 

decadal period C. helgolandicus has moved northwards from its particular 

stronghold in the Celtic Sea to replace C. finmarchicus in most of the 

ecoregional areas of the British Isles (see Figure 6). This is a clear sign of 

warming waters around the British Isles. 

 

Examination of CPR data up until 2016 revealed the percentage ratio between 

C. helgolandicus and C. finmarchicus in 2009 to 2011 was for the first time 

in twenty years dominated by C. finmarchicus in spring (Figure 7). This was 

a reflection of the particularly cold winter experienced in Northern Europe 

caused by a very low winter NAO index during that period. 

Uncharacteristically, during this period the NAO has been in a very low 

negative phase contributing to the very cold winters experienced in Northern 

Europe during 2009/2010 and 2010/2011 reflected in below average SST in 

the North-east Atlantic.  Similarly, this has had an effect on the timing of 

seasonal cycles in the North Sea for many species. The last couple of years 

have seen a later seasonal peak of plankton compared to the long-term trend, 

which was a trend towards earlier seasonal cycles. While Northern Europe 

was experiencing cold weather areas in Greenland, the Canadian Arctic and 

the Labrador Sea hit record temperatures in 2010 resulting in extended melt 

periods (Edwards et al., 2016).  Between the 1960s and the post 1990s, total 

Calanus biomass in the northern North Sea has declined by 70% due to 

regional warming. This huge reduction in biomass has had important 

consequences for other marine wildlife in the North Sea including fish larvae 

(Edwards et al., 2016).  
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Figure 6: Decadal abundance maps for the cold-water copepod Calanus finmarchicus (top) 

and the temperate copepod Calanus helgolandicus (bottom) from 1960ï2015. (Data from the 

CPR survey.) 

 

 

In summary, since we are only just beginning to understand the complexity 

of óbottom-upô controls on ecosystem structure, our appreciation of their full 

ramifications will continue to improve with continued monitoring of the 

plankton as the global climate changes. How these óbottom-upô controls of 

ecosystem productivity interact with ótop-downô effects, such as fishing, will 


