
Marine Ecological Status Repört
The ecological status o f the marine pelagic environment ■ 
based on observations from the global Continuous Plankton 
Recorder survey

Monitoring the health o f the oceans since 1931



Citation: Edwards, M., Beaugrand, G., Johns, D.G., Helaouet, P., L icandro, P., M cQ uatters- 
Gollop, A. & W o o tto n , M . 2011. Ecological Status Report: results from  th e  CPR survey 
2009/2010. SAHFOS Technical Report, 8:1 -8. P lym outh , U.K. ISSN 1744-0750

Design &  layout: M . Edwards 
Printer: K ing fisher,Totnes, Devon, UK
Published by: Sir A lis ter Hardy Foundation  fo r Ocean Science. ©SAHFOS 2011 

ISSN No ISSN 1744-0750

Plankton as indicators o f the health o f the oceans

A t th e  base o f  th e  m a rin e  fo o d w e b , th e  fre e  f lo a t in g  p la n t life  o f  th e  sea (p h y to p la n k to n )  p ro v id e  fo o d  fo r  th e  a n im a l 
p la n k to n  (Z o o p la n k to n ) w h ic h  in  tu r n  p ro v id e  fo o d  fo r  m a n y  o th e r  m a rin e  o rg a n ism s . T h e  c a r ry in g  c a p a c ity  o f  m a rin e  

eco sys tem s in  te rm s  o f  th e  s ize o f f is h  resou rce s  a n d  re c ru itm e n t to  in d iv id u a l s tocks  as w e ll as th e  a b u n d a n c e  o f  m a rin e  
w i ld l i fe  (e.g. sea b irds  a n d  m a rin e  m a m m a ls ) is h ig h ly  d e p e n d e n t o n  v a r ia tio n s  in  th e  a b u n d a n c e , t im in g  a n d  c o m p o s it io n  o f 
th e  p la n k to n .

These organism s also p lay a crucial role in  c lim a te  change th ro u g h  th e  e x p o rt o f th e  im p o r ta n t greenhouse gas C O ,to  the  
deep  ocean by carbon sequestra tion in w h a t is know n as th e 'b io lo g ic a l p u m p ’. W ith o u t th is  process concentra tions o f 
CO, w o u ld  be  m uch h ig h e r in  the  a tm osphere  and th e  c lim a te  o f  th e  w o r ld  w o u ld  be m uch w arm er. A p a rt from  playing 
a fu n da m e n ta l ro le in  th e  earth 's c lim a te  system and in  m arine foodw ebs, p lankton  are also h ig h ly  sensitive ind ica to rs o f 
env ironm en ta l change and p rov ide  essential in fo rm a tio n  on  the 'eco lo g ica l h e a lth 'o f o u r seas.

The fo llo w in g  re p o rt prov ides ind ica to rs  fo r th e  status o f  th e  m arine  e n v iro n m e n t and provides in fo rm a tio n  fo r  im p o rta n t 
m arine m anagem ent issues such as c lim a te  w a rm in g  im pacts, b iod ivers ity , p o llu tio n  and  fisheries.
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w  Hydro-climatic indices

Atlantic climate change
O ver th e  last fe w  decades th e  N o rth  A tlan ticT em pera tu re  has co n tinued  to  a - 

show  a s trong increase s im ila r to  th e  pa tte rn  fo u nd  in  N orthe rn  H em isphere —

tem pera tu res. The tem pe ra tu re  increase is cu rre n tly  m a in ly  associated w ith  ^  5

increasing C 02 in p u t in to  the  a tm osphere  from  a n th ro p o g en ic  sources (classed g  £

here  as exte rna l c lim a te  change). The last few  years, however, have seen a £  <|

s lig h t dec line  in  te m p e ra tu re  com pared  to  th e  early and  m id  2000s. A p a rt ^  ^

from  exte rna l c lim a te  w a rm in g  the re  are a n u m b e r o f  natura l (classed here as cI fO
in te rna l c lim a te  change) oscilla tions in  A tla n tic  c lim a te  th e  m ost im p o rta n t 

be ing  th e  A tla n tic  M u ltidecada l Index (AMO) and  th e  N o rth  A tla n tic  Oscilla tion 

(NAO). The AM O  is a  natura l low -frequency tem pe ra tu re  oscilla tion  occurring  

app rox im a te ly  every 60  years and is usually construc ted  by rem oving  the  

linea r tren d  in N o rth  A tla n tic  Sea Surface Tem perature. The AM O accounts ^  o.s

fo r app rox im a te ly  a change in  SST o f 0.4 °C fro m  a lo w  to  a h igh  AM O p o in t in 0 4

its cycle. The NAO is responsible, p a rticu la rly  d u rin g  th e  w in te r  m onths, fo r  _2)

m uch  o f th e  v a riab ility  o f  w e a th e r in  th e  N o rth  A tla n tic  reg ion, a ffe c ting  w in d  ^  >>

speed and preva iling  d irec tio n , changes in  SST and m o is tu re  d is tr ib u tio n  and  jjj ^  s o

th e  in tensity , n u m b e r and track o f storm s. D uring th e  last tw o  years th e  NAO ~  > • |

has been uncharacte ris tica lly  in  a very lo w  negative  phase c o n trib u tin g  to  |  co < -0.2

th e  very co ld w in te rs  experienced in  N orthe rn  Europe d u rin g  2009/2010 and % 8  -°-3

2010/2011. Overall, na tura l c lim ate  va riab ility  in  th e  N orth  A tla n tic  can account 

fo r  app rox im a te ly  h a lf o f th e  tem pe ra tu re  change experienced in  th e  N orth  

A tla n tic  ove r th e  last 50 years. A ll these c lim a te  ind ices have been im p lica ted  

in  the  chang ing  eco logy o f  th e  N orth  A tla n tic  ove r the  last 50 years inc lud ing  

rap id  b iogeograph ica l and  pheno log ica l sh ifts in  th e  p la n k ton  as w e ll as w ho le  

ecosystem shifts.
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(a) The N orth  A tlantic Ocean corresponds to  an area from  Longitude 99.5°W to  
19.5°E and La titude 29.5°N and 69.5°N. Sea sui face tem perature data were obta ined 
from  the M et O ffice Hadley Centre (h ttp://w ww .m eloffice.c jov.iiky). (b) The A tlantic 
M ultidecadal Oscillation Index was ob ta ined from  the  Physical Sciences Division 
o f the  National Oceanic and A tmospheric Adm in istra tion (NOAA; h ttp ://w w w .esrl 
noaa.gov). The values are calculated from  the  Kaplan SST dataset (5° grid ), (c) The 
w in te r index o f the NAO comes from  The Climate &  Global Dynamics D ivision (CGD) 
o f  the  NCAR Earth Systems Laboratory (NESL) (http://ww w.cgd.ucar.eclu/). This 
index is based o n  the  difference o f norm alized sea level piessures (SLP) between 
Lisbon, Portugal and Stykkisholmur/Reykjavik, Iceland since I9 5 0 fo i the m onths o f 
December, January, February and M arch (DJFM).

A low-pressure system over Iceland (the 
Icelandic Low) and the  high-pressure system 
over th e  Azores (the Azores H igh) con tro l 
the d irection and strength o f westerly w inds 
in to  Europe particu larly du ring  the  w inter.
Tire re la tive strengths and positions o f  these 
systems vary from  year to  year and th is variation 
is known as the  NAO. A large difference in the 
pressure a t the  tw o  positions (positive phase) 
leads to  Increased westerlies and m ild  and wet 
w inters in N orthern Europe and its A tlantic 
facade. A negative p ilase by contrast, make 
westerlies track fu rthe r south and co ld  high 
pressure dom inate  In N orthern Euiope. From 
Thomson 2007.

http://www.meloffice.cjov.iiky
http://www.esrl
http://www.cgd.ucar.eclu/


Arctic Sea - lee cover

The th ickness and areal coverage o f  sum m er ice in  the  A rc tic  have been 
decreasing a ta n  increasingly rap id  rate ove r th e  last tw o  decades, to  
reach th e  low est recorded e x te n t in  S eptem ber 2007 (in respect to  
1978-2010). In th e  sp ring  fo llo w in g  th e  unusually la rge ice free period 
in  1998 large num bers o fa  Pacific d ia to m  Neodenticula seminae were  
fo u nd  in samples taken  by th e  CPR survey in  th e  Labrador Sea in the  
N orth  A tlan tic . N. seminae is an ab u nd a n t m em ber o f th e  ph y top la n k to n  
in  th e  subpo la r N o rth  Pacific and has a w e ll de fined  pa laeo h is to ry  
based on  deep  sea cores. A ccord ing  to  th e  palaeo ev idence and  m odern  
surface sam pling  in  th e  N orth  A tla n tic  since 1948 th is  was th e  firs t 
record o f th is  species in  the  N o rth  A tla n tic  fo r  a t least 800,000 years. The 
reappearance o f  N. seminae  in  th e  N orth  A tlan tic , and its subsequent 
spread sou thw ards and eastwards to  o th e r areas in  the  N orth  A tlan tic , 
a fte r such a long  gap, cou ld  b e a n  in d ica to r o f  th e  scale and  speed o f
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M onth ly  August ice exten t for 1979 to  2010. The extent 
has declined at a tate o f 8.9% pe i decade. Source; 
National Snow and lee Data Center.

changes th a t  are ta k in g  place in  th e  A rc tic  and  N o rth  A tla n tic  oceans as 
a consequence o f c lim a te  w arm ing . The d ia to m  species itse lf cou ld  be 
th e  f irs t ev idence o fa  trans-A rctic  m ig ra tio n  in  m odern  tim es and  be a 
h a rb inge r o f a p o te n tia l in u n d a tio n  o f new  organ ism s in to  th e  N orth  
A tlan tic . The consequences o f such a change to  th e  fu n c tio n , c lim a tic  
feedbacks and  b iod ive rs ity  o f  A rc tic  systems are a t present unknow n 
(see section  on  invasive species fo r m ore in fo rm ation).

lee exten t for sum m er 2010

Sea lee exter« for summer 2010. Orange line  is l ire  m edian from 
1979-2000. Source: N ational Snow and lee Data Center.
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Marine climate change impacts

Biogeographic shifts
O ver th e  last five  decades the re  has been a progressive increase in  the 

presence o f w a rm -w a te r/sub -trop ica l species in to  th e  m ore te m pe ra te  areas 
o f  th e  N orth-East A tla n tic  and a dec line  o f  co lde r-w a te r species. This trend  

seems to  be acce lera ting ove r th e  last five  years. The mass b iogeograph ica l 

m ovem ents are related to  changes in  sea surface tem pera tu re . A  pa rticu la rly  
in te resting  fea tu re  ove r th e  last five  years is the  decline  in  subarctic species 

to  th e  sou th-east o f  Iceland and th e ir  m ove m e n t to  th e  n o rth  and  west.

A useful in d ica to r o f  th e  w a rm in g  trend  in th e  N orth  Sea (a n o rthw a rd  sh ift 

ind ica to r) is th e  pe rcen t ra tio  o f th e  co ld -tem pera te  Calanus finmarchicus  

and th e  w a rm -tem pe ra te  Calanus helgolandicus  copepod  species. A lthough  

these species are ve ry  s im ila r th e y  d o  occupy d is tin c t the rm a l niches.

The th e rm a l bound a ry  fo r th e  a rc tic -borea l d is tribu te d  copepod  Calanus 

finm archicus  in  th e  N orth-East A tla n tic  lies be tw een  -1 0 -1 1°C iso therm  

and is a useful in d ica to r o f  m a jo r b iogeograph ica l provinces. Calanus 

helgolandicus  usually has a n o rthe rn  d is trib u tio n a l b o unda ry  o f 14°C and 

has a p o p u la tio n  o p tim u m  ly ing  be tw een 10-20°C; these tw o  species can 

the re fo re  ove rlap  in  th e ir  d is tribu tions . W hen these tw o  species co-occur 

the re  is a ten de n cy  fo r  h igh  abundances o f  C. finm archicus  ea rlie r in  the  

year and C. helgolandicus  la te r in th e  year. There is clear ev idence o f the rm a l 

n iche d iffe re n tia tio n  be tw een  these tw o  species as w e ll as successional 

p a rtit io n in g  in  th e  N orth  Sea, p rob a b ly  re lated to  coo le r tem pera tu res earlier 

in  the  year and  w arm er tem pera tu res la te r in th e  year.

The percen tage  ra tio  be tw een  C. helgolandicus  and  C. finm archicus in 2009 

was fo r th e  firs t t im e  in  tw e n ty  years d om ina ted  by  C. finm archicus  in  spring. 

This was a re flec tion  o f  th e  p a rticu la rly  co ld  w in te r experienced in  N orthern  

Europe caused by  a ve ry  lo w  w in te r  NAO index. Betw een the  1960s and  the 

post 1990s, to ta l Calanus b iom ass has declined  by 70% .This huge reduction  

in  biom ass has had im p o r ta n t consequences fo r  o th e r m arine  w ild life  in the  

N orth  Sea in c lud ing  fish larvae.

Calanus finmarchicus

Calanus helgolandicus

2 4 6 8 10 12 
Month

A s im ple ra tio  betw een a warm -water species (Calanus helgo­
landicus) and a cold-water species ¡Calanus finmarchicus) per 
m o n th  from  i 958-2009. Red values indica te a d o m inan ceo f 
th e  warm  water species and b lue  values the dom inance o f  the 
cold-water species (0= to ta l C  finmarchicus dom inance, l= to ta l 
C. helgolandicus dominance)

S a h f o s / s t a t u s -w



a. Biogeographical

Warm-temperate
species

1958-1981

Temperate
species

1958-1981

982-1999 1982-1999

20(1(1-211112 2(10(1-20112

Cold-temperate
species

1958-1981

(
1 9 8 2 -1 9 9 9

2000-2002

L

Subarctic
species

1958-1981 

1 ^ 1

2000-2002

2003-2005

0.0 0.4 0.8B f e  0.00 0.04 0.08

U  \  M ean n um be r o f
species 

pe r C P R  sample 

1000 km p e r assemblage

shift northward

Biogeographical changes in  p lankton assemblages spanning five decades. 
Wai m -w ate i p lankton (e.g. warm -tem perate species) are m oving no rth  and 
cold-water p lankton (e.g. subarctic species) are m oving o n i o f  th e  N orth  Sea

Phenology
P heno logy - th e  s tudy o f natura l phenom ena th a t recur period ica lly , as m ig ra tio n  o r  b lossom ing, 

and o f  th e ir  re la tion  to  c lim a te  and changes in  season. Seasonal tim in g , o r  pheno logy, is occurring  

earlier in  th e  N orth  Sea and  is related to  reg iona l c lim a te  w arm ing . For exam ple, som e species 

have m oved fo rw a rd  in  th e ir  seasonal cycle by 4-5 weeks. However, n o t all tro p h ic  levels are 

respond ing  to  th e  same ex ten t, the re fo re  in te rm s o fa  p ro d u c tive  e nv ironm en t, th is  change is 

considered d e trim e n ta l because o f th e  po ten tia l o f  m is -tim in g  (m ism atch) o f  peak occurrences 

o f  p lankton  w ith  o th e r tro p h ic  levels in c lud ing  fish larvae. There is a h igh  con fidence  th a t  these 

trends are related to  reg iona l c lim a te  w arm ing . In particu la r, th e  tren d  tow ards an earlier seasonal 

appearance o f  m erop lank ton ic  larvae d u rin g  th e  last decade is h ig h ly  corre la ted  w ith  sea surface 

tem pera tu re . This tren d  con tin ue d  in 2009 w ith  th e  early seasonal appearance o f m erop lank ton  up  

to  tw o  weeks earlier.

1 Echinoderms 47 days 

-  O ther m eroplankton 27 days  ¡

« D inoflagellates 23  days 
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f t

Phenological shifts: the change In the  tim ing  o f the  seasonal peaks (in m onths) 
for 66 p lankton taxa over the  45-yeat period from  1958 to  2002 p lo tted  against 
the  tim ing  o f the ir seasonal peak in 1958. Based on N alu ie  12004) 430:881-884.
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< * } •  ** Marine biodiversity and invasive
species

Multi-decadal trends in oceanic biodiversity

A t th e  ocean basin scale studies on th e  pe lag ic  b iod ive rs ity  o f Z oop lankton  copepods 
are re lated  to  tem pera tu re  and  an  increase in  w arm ing  ove r th e  last fe w  decades has 
been fo llo w e d  by an increase in d ivers ity .There  is also a d irec t lin k  be tw een  d ivers ity  
and th e  size -structu re  o f  th e  Zoop lankton  com m un ity . The overa ll d ive rs ity  pa tterns 
o f  pe lag ic  organism s, peaking  be tw een 20° to  30° n o rth  o r  south, fo llo w  tem pera tu re  
g rad ien ts  in  th e  w orld 's  oceans. Sim ilarly, p h y top la n k to n  show  a re la tionsh ip  betw een 
tem pe ra tu re  and d ive rs ity  w h ich  is linked  to  th e  p h y top la n k to n  co m m u n ity  having 
a h ig h e r d ive rs ity  b u t an overa ll sm alle r s ize-fraction and a m ore co m p le x  fo o d w e b  
s truc tu re  (i.e. m icrob ia l-based versus d ia tom -based p ro d u c tio n ) in warmer, m ore 
s tra tified  env ironm ents . The para lle l decrease in  size-structure  o f pe lag ic  organism s 
w ith  increasing d ive rs ity  m ay have im p lica tions  fo r m arine ecosystem services such 
as sm aller-sized fish com m un ities  and  reduced carbon d raw dow n  (PNAS (2010) 107: 
10120-10124).

I

Total oceanic d ivers ity  
(G ini d iversity)

Long-term  la titu d in a l changes 
in species d ivers ity

mining M nn 
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.
Relationships between the  spatial d is tribu tion  and long-term  la titud ina l changes in the  
d iversity and a size-derived functiona l characteristic o f  calanoid copepods in the  extratropical 
N orth  A tlantic. D iversity was measuied by first-order jackkn ife  perform ed on the  Gini 
coefficient. Left panel: mean spatial d is tribu tions (1960-2007) o f copepod diversity and mean 
residence tim e above 50 m  o f sinking copepod par tides (in days). Right panel: long-term  
la titud ina l changes in copepod d iversity and mean residence tim e  above 50 m o f sinking 
copepod particles. Based o n  (PNAS (2010) 107:10120-10124).
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II has recently been h igh ligh ted  that A rctic lee Is reducing faster 
than previous m odelled estimates. As a consequence the  b iological 
boundaries betw een the  N orth  A tlantic Ocean and Pacific may becom e 
increasingly b lurred w ith  an increase o f tians-A rctic m igrations becom ing 
a reality. The CPR sui vey has already docum ented the  presence o f a 
Pacific d iatom . Neodenticula seminae, in th e  Labrador Sea since th e  late 
1990s w hich has since spread southwards and eastwards. The d iatom  
species itself lias been absent from  the  N orth  Atlantic, for ovei 800,000 
years and cou ld  be the  fust evidence o f a tians-Arctic m igration in 
m odern tim es and be the  harbinger o fa  po tentia l inundation  o f  new 
organism s to  th e  N orth  A tlantic. The consequences o f such a change to  
the  function  and biod iversity o f  Arctic systems are at piesent unknown.

M o re  In fo rm a tio n  : Global Change Biology (2007113:1910-1921

Invasive species

Because o f  its  extensive geograph ica l coverage and  long  t im e  fram e, data from  th e  CPR have p rov ided  inva luab le  

in fo rm a tio n  on th e  spread o f  n o n -na tive  p la n k ton . For exam ple, the  invasive d ia to m  Coscinodiscus wailesii, w h ich  

has becom e a pers is ten t and s ign ifican t m em b e r o f th e  p la n k ton  com m un ity , has spread fro m  its firs t record o ff 

P lym outh  in  1977 th ro u g h o u t all coastal w aters o f  no rth e rn  Europe and  o u t in to  th e  A tla n tic  in  a m a tte r o f  on ly 

30 years.

CPR samples in the  N orthern and 
hemispheres. Courtesy o f Google

A recent rev iew  o f non-na tive  m arine species a round  th e  British Isles th a t  includes p la n k ton  and  HAB species 

p rovides m ore  de ta il on  p la n k ton ic  in tro d u c tio n s . The d iscovery o f  th e  co m b  je lly  M nem iopsis le idy i m N o rth  Sea 

w aters is o f pa rticu la r concern, even th o u g h  i t  has n o t ye t been recorded in th e  British Isles, because o f  th e  very 

m arked im p a c t i t  appears to  have had on  fisheries and th e  genera l ecosystem  w hen  i t  has appeared in  o th e r parts 

o f  th e  w orld .

C lim ate  w a rm in g  w ill open  up  new  the rm a lly  de fined  hab ita ts  fo r  p rev iously  den ied  non -in d ig e n o us  species (e.g. 

sub -trop ica l species in  th e  N o rth  Sea) and  invasive species a llo w in g  th e m  to  establish v iab le  p opu la tions  in areas 

th a t w ere  once env ironm en ta lly  unsu itab le . A p a rt fro m  these th e rm a l b o unda ry  lim its  m ov ing  progressive ly 

po lew ard  and in  som e cases expand ing , the  rap id  c lim ate  change observed in  th e  A rc tic  m ay have even larger 

consequences fo r  th e  es tab lishm en t o f  invasive species and  th e  b iod ive rs ity  o f  th e  N o rth  A tla n tic  (see le ft  figure : 

trans-A rctic  m ig ra tio n  o f Neodenticularsem inae).

Unusual biodiversity records in 2009
Tw o rare species o f  ca lanoid copepods from  th e  N o rth  A tla n tic  were fo u nd  in 

2010: last recorded in  1974, Euchirella am oena  was fo u nd  in  Ju ly in  th e  m id d le  o f 
th e  sub trop ica l A tla n tic  and  o f f  th e  coast o f  New York; on  th e  same coastal sample 

a Scaphocalanus echinatus  was also iden tifie d . A lth o u g h  n o t unusual in  th e ir  

d is tr ib u tio n  these copepods are scarce in th e  CPR survey having o n ly  previously 

been recorded 3 and  19 tim es  respectively. S im ilar in  size to  th e  aforesaid 
copepods, Calanus finm archicus  is con tras ting ly  one  o f  th e  m o s t a b undan tly  

fo u nd  copepods on  N o rth  A tla n tic  CPR sam ples and  is associated w ith  th e  A tlan tic  

po la r b iom e. However, in  M arch 2010 the re  were 2 occurrences o f  C. finmarchicus  

in  oceanic sub trop ica l waters. D uring  th e  last 30 years C. finm archicus  has on ly  
been id e n tifie d  8 tim es in  th is  reg ion and is typ ica lly  replaced by its w arm er-w a te r 

sister species C. helgolandicus. Calanus species are im p o r ta n t fo o d  item s fo r 
h ig h e r m arine anim als inc lu d in g  fish. Pacillina arctica  incertae sedis, an organ ism  

o f unce rta in  taxonom ic  p lacem ent, w as recorded in July 2010 s tre tch ing  som e 80 

m iles a long  the  coastline  o f N ew  York. These are th e  m ost w es te rly  s igh tings ever 
o f  th is  suspected c ilia te  cyst in th e  CPR survey.



^  Marine ecosystem and 
environmental health

Eutrophication and Harmful Algal Blooms (HABs)
There has been a considerab le  increase in  p h y top la n k to n  biom ass (P hytop lankton  C o lou r Index) ove r th e  last decade in  certa in  regions 

o f the  N orth-East A tla n tic  and N orth  Sea, pa rticu la rly  ove r th e  w in te r  m onths. Increased p h y top la n k to n  biom ass may be an ind ica to r o f 

eu tro p h ica tio n ; however, s im ila r pa tterns o f  change have been fo u nd  in  b o th  coastal and  o ffshore  waters. In the  N o rth  Sea a s ign ifican t 

increase in  p h y top la n k to n  biom ass has been fo u nd  in  b o th  heavily an th ropogen ica lly - im pac ted  coastal waters and  the  com para tive ly  

less-affected open  N orth  Sea desp ite  s ign ifican tly  decreasing trends in  n u tr ie n t concentra tions.The  increase in biom ass appears to  be 

linked to  w a rm e r tem pera tu res and ev idence th a t th e  waters are a lso becom ing  clearer (i.e. less tu rb id ), th e re b y  a llo w in g  th e  no rm a lly  
lig h t- lim ite d  coastal phy top la n k to n  to  m ore  e ffec tive ly  u tilise  lo w e r concentra tions o f  nu trie n ts  [L im no logy a n d  O ceanography (2007) 

52:635-648). These results m ay ind ica te  th a t  c lim a tic  v a riab ility  and w a te r transparency may be m ore  im p o rta n t th a n  n u tr ie n t concen­

tra tio n s  to  p h y top la n k to n  p ro d u c tio n  in  th e  N orth  Sea. D espite th e  ove rrid ing  in fluence  o f c lim ate , e levated n u tr ie n t levels m ay be o f 

concern in  som e localised areas a round  European seas.
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Ttie geographical d is tr ibu tion  o f some exceptional HABs in 
2009. N iim bers indicate the  m o n th  o f the b loom .

In genera l, HABs are na tu ra lly  occu rring  events a lth o u g h  som e exceptiona l b loom s have been associated w ith  eu tro p h ica tio n  in  coastal 
waters. H AB taxa are genera lly  m ost num erous a long  th e  D u tch  coast and  o f f  th e  Danish coast. In pa rticu la r th e  red -tide  fo rm in g  species 
Noctiluca scintillans  na tu ra lly  fo rm s extensive b loom s d u rin g  th e  sum m er pe riod  in  these areas as w e ll as in th e  Irish Sea. Large HABs 
d u rin g  2009 occurred w ith in  th e  range o f  natura l va ria b ility  and w ere s im ila r to  th e  long -te rm  average occurrences. However, th e  large 
b loom s o f  Pseudo-nitzschia  spp. th a t occurred in  th e  sou the rn  N orth  Sea w ere p a rticu la rly  num erous in  2009 and  w ere  also exceptiona lly  
early (D ogger Bank in January).

Marine microplastics

From th e  presence o f  m icrop lastics th a t  have been recorded on  CPR samples i t  is clear th a t m icrop lastics are w id e ly  d is tribu te d  in  the 

North-East A tlan tic  w ith  the  frequency o f m icrop lastics increasing tow ards th e  coasts (pa rticu la rly  in  th e  sou the rn  N orth  Sea). From 

retrospective  analysis o f som e CPR sam ples spanning  th ree  decades i t  appears th a t m icrop lastics are increasing in  frequency th ro u g h  

tim e  [Science (2004) 308:834). The inc idence  o f m o n o fila m e n t n e ttin g  snagged by th e  CPR to w e d  body also seems to  be increasing, 

pa rticu la rly  in  th e  sou the rn  N orth  Sea.

S a h f o s / s t a t u s

The geographical d is tr ibu tion  o f m icroplastics recorded on 
CPR samples in  2009 and betw een 2004-2008 W hile the 
d is tr ib u tion  la ige ly reflects CPR sam pling frequency it does 
show that m icroplastics ate w ide ly  d is tribu ted  in the  North 
Atlantic inc lud ing  th e  offshore oceanic environm ent.

Mlcroplastlc
•  3004 - 20CÍ
•  3009



Foraminifera

The percent frequency o f foram inifera and Its main 
d is tr ibu tion  recorded on CPR samples In the  NE A llantic

-w Ocean acidification
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Changes in  tem pe ra tu re  have d irec t consequences on m any phys io log ica l processes (e.g. oxygen 
m etabo lism , a d u lt m orta lity , rep roduc tion , resp ira tion , rep roduc tive  deve lopm en t) and  con tro l 

v ir tu a lly  a ll life-processes from  th e  m o lecu la r to  the  ce llu la r and  from  th e  regional ecosystem  level 

to  b iogeograph ica l p rovinces.Tem perature  also m odu la tes species in te ractions (e.g. co m p e titio n , 
p rey-p reda to r in te ractions and  fo o d w e b  structures) b o th  d irec tly  and ind irec tly ; u ltim ate ly , changes in 

tem pera tu res caused by c lim ate  change can lead to  im pacts on th e  b iod ivers ity , size s tructu re , carry ing  

capacity and  fu n c tio n in g  o f  th e  w h o le  pe lag ic  ecosystem . W h ile  tem pe ra tu re  has d irec t consequences 

on m any b io log ica l and  eco log ica l tra its  i t  a lso m od ifies  th e  m arine  e n v iro n m e n t by  in fluenc ing  

oceanic c ircu la tion  and  by enhanc ing  the  s ta b ility  o f  th e  w a te r co lu m n  and  hence n u tr ie n t ava ilab ility . 

U nder m any c lim a te  change scenarios, oceanic p rim a ry  p ro d u c tio n  is p red ic ted  to  decline  due  to  

n u tr ie n t lim ita tio n .

W h ile  tem pera tu re , lig h t and nu trie n ts  are p rob a b ly  th e  m ost im p o rta n t physical variables s truc tu ring  

m arine  ecosystems, th e  pe lag ic  realm  w ill also have to  co n ten d  w ith , a p a rt from  g lo b a l c lim ate  

w arm ing , th e  im p a c t o f an th ro p o g en ic  CO^ d irec tly  in flu e n c in g  the  pH o f  th e  oceans. Evidence 

co llected  and m ode lled  to  da te  ind ica tes th a t ris ing C 0 1 has led to  chem ica l changes in  th e  ocean 

w h ich  has led to  the  oceans becom ing  m ore  acid ic. Ocean ac id ifica tion  has th e  po ten tia l to  a ffe c t the  

process o f  ca lc ifica tion  and  the re fo re  certa in  p lank ton ic  organ ism s (e.g. cocco lithophores, fo ram in ifera, 

pe lag ic  molluscs) m ay be p a rticu la rly  vu lne rab le  to  fu tu re  CO_, em issions. A p a rt from  clim ate  w arm ing , 

p o te n tia l chem ica l changes to  th e  oceans and th e ir  e ffec t on  th e  b io lo g y  o f  th e  oceans cou ld  fu rth e r 

reduce the  ocean's a b ility  to  absorb  a d d itio n a l CCI, from  the  a tm osphere, w h ich  in  tu rn  cou ld  a ffe c t the  

rate and scale o f  c lim a te  w arm ing .

Presently in th e  N o rth  A tla n tic  certa in  calcareous taxa are ac tua lly  increasing in  term s o f abundance, 

a tren d  associated w ith  c lim a te  sh ifts in  th e  N orthe rn  H em isphere tem pe ra tu re  (see above fig u re  o f 
fo ram in ife ra  frequency). However, the re  is som e observed  ev idence fro m  th e  Southern  Ocean th a t 

m odern  shell w e ig h ts  o f  fo ram in ife ra  have decreased com pared  w ith  m uch  o ld e r sed im en t core 
records w ith  ac id ifica tion  be ing  im p lica ted  (Nature Geoscience (2009) doi:10.1038/ngeo460). I t  is 

kn o w n  h o w  m uch  o f an e ffec t ac id ifica tion  w ill have on  th e  b io lo g y  o f th e  oceans in th e  21st century, 

w h e th e r rap id  c lim a te  w a rm in g  w ill ove rride  th e  ac id ifica tion  p rob lem , and w h e th e r o r  n o t species 

b u ffe r th e  e ffects o f ac id ifica tion  th ro u g h  adap ta tion . The CPR survey is p rov id in g  a c ritica l baseline' 

(b o th  in  space and tim e) and  is cu rren tly  m on ito r in g  these vu lne rab le  organ ism s in  case in th e  fu tu re  

these organ ism s beg in  to  show  negative  effects due to  ac id ifica tion .
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Summary for policy makers
Marine clim ate change impacts: Northward shifts
W arm er-w a ter spe c ie s  a re  cu rren tly  increasing  in  th e  N orth  S ea  d ue  to  reg iona l c lim a te  w arm ing  and th e  NAO. 
In te rm s o f a  p roductive  e nv ironm ent th is  change  is  c u rren tly  considered  de trim en ta l because  th e  w arm er-w ater 
spe c ie s  a re  not rep lacing the  co lde r-w a te r spe c ie s  in s im ila r abundances w hich m a y  nega tive ly  im pact other 
tro ph ic  leve ls  inc lud ing  fish larvae. For exam ple , an im portan t Zooplankton species has dec lined  by  7 0  %  in the  
N orth  Sea. There  is  a high con fidence  th a t th e se  tre nds  a re  re la ted  to  reg iona l c lim a te  w arm ing.
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* Marine climate change impacts: Changes in seasonality and phenology
S easona l tim ing , o r phenology, is  o ccu rring  e a rlie r in the  North S ea  and  is  re la ted to  reg iona l c lim a te  w arm ing. 
For exam ple , som e species have m oved fo rw ard  in the ir seasona l c yc les  b y  4 -5  weeks. How ever, no t all troph ic  
leve ls  are respond ing  to  the  sam e e xten t; the re fo re  in te rm s o f a  p roductive  e n v ironm ent, th is  change is  cu rren tly  
cons ide red  de trim en ta l because  o f the  po tentia l o f m is-tim ing  (m ism atch) o f peak occu rrences o f p lankton with 
o the r tro ph ic  leve ls  inc lud ing  fish  larvae. There  is  a  h igh  con fidence  th a t these  changes are  associa ted  w ith 
regiona l c lim a te  warm ing.
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Marine biodiversity and invasive species
O cea n ic  p lankton b iod ive rs ity  is  increasing  in the  N orth  A tlan tic  assoc ia ted  w ith  tem pera tu re  increases. There 
is  a  s trong re la tionsh ip  be tw een b iod ivers ity  a nd  s ize -s truc tu re  in pe lag ic  com m unities . Increasing  b iod ivers ity  
is  a ssocia ted  w ith  a decreas ing  s ize -s truc tu re  o f the  com m unity. Th is  in tu rn  m ay have im p lica tions fo r m arine 
ecosystem  serv ices  such  a s  sm a lle r-s ized  fish  com m un ities  a nd  reduced ca rbon  draw dow n.

Marine ecosystem health and water quality
A t th e  reg iona l sca le , it has been fou nd  that m ost phytop lankton  tre nds  a re  re la ted  to  hyd ro-c lim atic  variab ility  
a s  o pposed  to  a n th ropogen ic  inpu t (e.g. nu trien t inpu t lead ing to  eu troph ica tion ). Th is m eans tha t the  N orth-E ast 
A tlan tic  a s  a  w ho le  is  g enera lly  cons ide red  to  be fa ir ly  healthy. Th is  is  no t to  say, however, tha t certa in  coasta l 
a reas  and  the  sou thern  North S e a  are  not vu lne rab le  to  e u troph ica tion  and c lim a te  change  m a y a lso  exacerba te  
th e se  negative e ffects in these  vu lne rab le  reg ions. It h as a lso  been fou nd  tha t the  num ber o f m icrop lastics 
co llected  o n  C P R  sam p les  is increasing  and  the  frequency o f o ccu rrence  and bloom  tim ing  o f som e H arm fu l 
A lga l B loom  species a re  re la ted to  reg iona l c lim a te  warm ing.

Ocean acidification
O rgan ism s tha t cou ld  b e  pa rticu la rly  vu lne rab le  to  ac id ifica tion  a re  the  ca lc ify ing  o rgan ism s such as 
cocco lithophores and fo ram in ife ra . T h e  C P R  su rvey  is  prov ing  a  critica l base line  and  is  c u rren tly  m onitoring 
these  vu lne rab le  o rgan ism s in case  these  organ ism s start to  s h o w  a ny negative e ffec ts  due  to  ac id ifica tion  in 
th e  future.
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