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IN T R O D U C T IO N

C ontinuous P lan k to n  R eco rders (C P R s) sam ple 
reg u la rly  in  the  N o rth  Sea a t  a  d e p th  o f  app ro x im ate ly  
10 m  (H a rd y , 1939; G lover, 1967). T h e  p la n k to n  is 
collected  o n  a  con tinuously  m oving  b an d  o f silk, 
w h ich  is la te r  c u t in to  sam ples rep resen ting  10 m iles 
o f  tow . T h e  sam pling  g ear is p r im a rily  a im ed  a t 
Z ooplankton; its m esh size o f 270/¿m  is n o t ad e q u a te  
for re ta in in g  all size categories o f p h y to p lan k to n  in  
a  q u a n tita tiv e  m an n er. H ow ever, for m a n y  areas o f 
th e  N o rth  Sea th e  survey provides the  only ava ilab le  
in fo rm ation  on  the  d istribu tion  an d  long -te rm  v a r ia ­
b ility  o f the  ph y to p lan k to n . P revious surveys in  the 
th e  N o rth  Sea using w ate r-b o ttle  sam ples (for exam ple, 
G ra n , 1915; G ron tved , 1952; B raa ru d  e t ah , 1953) 
w ere lim ited  in  th e ir  geograph ica l coverage a n d  to 
one or a  few m on ths o f th e  year. T h is p a p e r  describes 
th e  results o f  a  s tudy  o f th e  p h y to p lan k to n  in  m ore 
th a n  15000 C P R  sam ples taken  in  a lm ost every m o n th  
from  1958 to  1973 in  six s ta n d a rd  areas o f  the  N orth  
Sea (Fig. 298).

M E T H O D S

C P R  sam ples a re  analysed  for p h y to p lan k to n  in  
tw o stages. F irstly , p h y to p lan k to n  co lour is assessed 
in to  th ree  categories o f greenness ag a in st s ta n d a rd  
co lour charts  ; nu m erica l values a re  g iven to  the 
co lour categories, based  on  ace tone  ex tracts (R o b in ­
son, 1970). T hese  assessments o f co lour give gross 
estim ates o f p h y to p lan k to n  s tan d in g  crop w h ich  are  
c o m p arab le  w ith in  th e  C P R  survey. Secondly, species 
o f  d ia tom s a n d  d inoflagellates a re  coun ted , using  a  
m e th o d  in tro d u ced  in  1958 (C olebrook, 1960). T w en ty  
fields w ith  d iam eters o f  0-3 m m  a re  exam ined  in  two 
d iagonals across th e  filtering  silk. T h e  n u m b e r  o f fields 
in  w hich  each  species is observed is used to  calcu late  
th e  n u m b e r  o f  th a t  species in  th e  sam ple . T o  reduce

bias a n d  erro rs in tro d u c ed  b y  th e  ca tego ry  system , a  
logarithm ic  transfo rm ation  is ap p lied  to  all counts.

M o n th ly  m eans for p h y to p lan k to n  co lour a n d  p h y to ­
p la n k to n  species counts w ere ca lcu la ted  for sam ples in 
rec tang les (2° lo n g itu d e  x  I o la titu d e )  an d  then  
averaged  to g ive m o n th ly  m eans for th e  la rg e r  s ta n d a rd  
areas (Fig. 298). S um m ed  average m o n th ly  n u m b ers  
o f th e  e igh teen  m ost com m on d ia tom s an d  seven 
species o f Ceratium (T ab le  163) w ere th e n  ca lcu la ted  
for each  s ta n d a rd  a re a  a n d  co n to u red  m o n th /y ea r  
a rrays (w ith in te rp o la ted  m issing m onths) constructed  
for p h y to p lan k to n  co lour, d ia tom s, a n d  Ceratium spp. 
(Figs. 299a, b, c). T hese  a rrays a re  lim ited  to  the 
period , s ta rtin g  in  1958, w hen  the  m e th o d  o f coun ting  
w as s tan d ard ized .

R E S U L T S

Since 1958, th e re  h av e  b een  m a jo r changes in  the 
ab u n d a n c e  o f  ce rta in  com ponents o f  N o rth  Sea p h y to ­
p la n k to n  in  a ll six s ta n d a rd  areas. In  genera l, p h y to ­
p lan k to n  co lour (a s tan d in g  crop in d ex  o f  all p h y to ­
p lan k to n  com ponents) has increased , w hereas the 
nu m b ers  o f d ia tom s h av e  dec lined  d rastica lly , w hile 
Ceratium spp . have only und erg o n e  m in o r changes in  
num bers. I t  is n o t know n how  these changes have 
affected  the  p ro d u c tio n  o f  N o rth  Sea phy to p lan k to n .

P h y to p lan k to n  co lour show ed th e  sam e p a tte rn  of 
chang ing  ab u n d a n c e  in  s ta n d a rd  areas D l ,  D 2, G2, 
a n d  B2 (Figs. 299a, b , c) ; in  all these areas th e re  
w as a  g enera l increase in  season leng th  a n d  co lour in ­
tensity , p a rticu la rly  in  th e  sum m er m onths since 1965 
o r 1967. In  s ta n d a rd  a re a  C l (Fig. 299b) th e re  was 
little  change , excep t fo r a  s ligh t increase  in  season 
len g th  afte r 1965 an d  a  considerab le dec line  in  the 
in tensity  o f  the  sp ring  bloom  in  th e  la st th ree  years. 
T h e  in ten sity  o f b o th  th e  spring  a n d  a u tu m n  bloom s 
varied  in  a re a  BÍ (Fig. 299c).
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F igure 298. N o rth  Sea s ta n d a rd  areas.

T h e  nu m b ers  o f  d ia tom s show ed th e  sam e general 
tren d  in  all six a re as ; d ia tom s have dec lined  g rea tly  
in  ab u n d a n c e  since ap p ro x im ate ly  1965 an d , b y  1968, 
h a d  a lm ost d isap p ea red  from  C P R  sam ples in  la te  
sum m er, au tu m n , a n d  w in ter. S pring  d ia tom s u n d e r­
w e n t a  less d ra m a tic  decline in  ab u n d a n c e  afte r 1968. 
T hese  tren d s  a re  seen as a  m u ch  red u ced  season 
le n g th , especially  a fte r 1968.

T h e re  w ere considerab le y ear-to -y ear fluctuations 
in  th e  ab u n d a n c e  a n d  tim ing  o f Ceratium spp. b u t  no 
com m on overall tren d  d u rin g  th e  period  stud ied  
(Figs. 299a, b , c), a lth o u g h  th e re  w ere signs o f an  
ea rlie r  s ta r t  to  th e  season d u rin g  th e  la st tw o o r th ree  
years in  th ree  areas (D 2, D l ,  a n d  C l ) .

T h u s, by  com bin ing  th e  results o f  analysis fo r a  
n u m b e r o f  th e  d o m in a n t species, m a jo r p a tte rn s  o f 
v a ria b ility  in  th e  ab u n d a n c e  o f  th e  p h y to p lan k to n  
h av e  been  em phasized . C hanges w hich  h av e  occurred  
in  th e  th ree  entities, p h y to p lan k to n  colour, d ia tom s,

T ab le  163. S ta n d a rd  A rea Species L ist

D2 D l C2 C l B2 BÍ

Paralia sulcata (E hrenb .) 
C lev e ............................. X X X X

Skeletonema costatum 
(G rev .) C le v e ............ X X X X X X

Thalassiosira sp p ............. X X X X X X

Dactyliosolen mediterraneus 
P erag ............................. _ _ X X X X

Rhizosolenia imbricata fo rm a 
shrubsolei (Cleve)
S c h rö d e r ......................  x X X X X X

Rhizosolenia styliformis 
B righ tw ......................... X X X X X _

Rhizosolenia hebetata 
fo rm a  semispina 
(H ensen) G r a n .......... X X X X X

Rhizosolenia alata fo rm a 
indica (Perag .) G ran _ _ X _ _ _

Rhizosolenia alata fo rm a 
alata B righ tw .............. X X X X X X

Rhizosolenia alata fo rm a 
inermis C a s tr ................ _ _ _ _ X _

Hyalochaeta sp p ................ X X X X X X

Phaeoceros sp p .................. X X X X X X

Biddulphia sinensis G rev. X X - X - -
Asterionella glacialis C astr. X X X X X -
Thalassiothrix longissima 

C leve & G r a n ......... X X X X X X

Thalassionema 
nitzschioides H u st. . . . X X X X X X

Nitzschia seriata C leve X X X X X X

Nitzschia delicatissima 
C le v e ............................. X X X X X X

Ceratium fu su s  (E hrenb .) 
D u ja rd in ...................... X X X X X X

Ceratium furca  (E hrenb .) 
C lap . & L ach m ......... X X X X X X

Ceratium lineatum
(E h ren b .) C l e v e . . . . X X X X X _

Ceratium tripos (M üller) 
N i tz c h .......................... X X X X X X

Ceratium macroceros 
(E h ren b .) V anhoffen X X X X X X

Ceratium horridum 
(C leve) G r a n ............ X X X X X X

Ceratium longipes
(Bailey) G r a n ............ X X X X X X

Includes com m on species selected to give d ia to m  a b u n d an ce  and 
Ceratium spp . ab u n d an ce .
X  =  in c lu d ed  in  calculations.

an d  Ceratium spp., can  be detec ted  to  a  g re a te r  o r 
lesser degree in  all areas o f th e  N o rth  Sea (Figs. 299a, 
b, c) ; in  p a rtic u la r, th ree  sequences o f  years can  be 
d istingu ished  :

1) 1958-1965 w as ch a rac te rized  by  the  occurrence of 
la rg e  sp rin g  a n d  a u tu m n  d ia to m  bloom s in  all 
six areas.

2) F rom  1966 to  1973, a u tu m n  d ia tom s declined 
d rastica lly  in  all six areas, b u t  “ season le n g th ”  o f
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Figure 299a. P h y to p lan k to n  from  1958 to 1973 in  s ta n d a rd  areas D 2 a n d  D l .

C o n to u r levels:
P h y to p lan k to n  D ia to m  Ceratium spp.

co lour

D 2 110 150 230
D l  130 200 330

ab u n d an ce

183 366 585
183 274 530

ab u n d an ce

183 640 1353
128 823 1207

p h y to p lan k to n  co lour increased  in  all excep t BÍ 
a n d  C l .

3) 1971-1973 in  areas C l ,  D 2, an d  D l was d is tin ­
guished p a rticu la rly  by a  g rea tly  increased  season 
len g th  o f  Ceratium spp.

T h e  increase in  p h y to p lan k to n  co lour in  the  last 
d ecade  c a n n o t b e  explained  by  the  p a tte rn s  o f a b u n ­
d ance  show n by  Ceratium spp. an d  the  d ia tom s. As 
p h y to p lan k to n  co lour has increased , the  ab u n d a n ce  
o f Ceratium spp. has rem ain ed  co n stan t o r  declined, 
an d  d ia tom  ab u n d a n ce  has g rea tly  declined . N eith er 
can  the  increasing  co lour be explained  by  th e  occu r­
rence o f  Phaeocystis, w hich show ed a  decline sim ilar to 
th a t o f  the d ia tom s afte r 1965, n o r  Silicoflagellates o r 
C occolithophores w hich  occu rred  in  on ly  sm all n u m ­

bers. A ssociated w ith  th is increase in  p h y to p lan k to n  
co lou r a re  anom alies betw een  peaks o f  co lou r an d  o f 
ab u n d a n c e  o f p h y to p lan k to n . Such anom alies o ccu r­
red  in  n ea rly  all areas b u t a re  p articu la rly  ev iden t in  
th e  sum m er m on ths o f the  so u th ern  N o rth  Sea (areas 
D 2, D l ) .  I t  w ou ld  ap p e a r , therefo re, th a t  a n  u n ­
iden tified  co m p o n en t o f the  p h y to p lan k to n  is increas­
in g  as d ia tom s are  declin ing .

D IS C U S S IO N

A m ajo r change ap p ears  to  h av e  taken  p lace  in  the 
com position  a n d  ab u n d a n c e  o f N o rth  Sea p h y to ­
p lan k to n  w ith in  the last decade . H ow  these changes 
m ay  have affected  p h y to p lan k to n  p ro d u c tiv ity  is im ­
possible to  assess, since th e re  a re  no  tim e series o f
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F igu re  299b. P h y to p lan k to n  from  1958 to 1973 in  s ta n d a rd  areas C2 an d  C l.

C o n to u r  levels:
P h y to p lan k to n  D ia to m  Ceratium spp.

co lou r a b u n d an ce  a b u n d an ce

C 2 80 120 170 220 366 585 274 878 1902
C l 90 130 210 183 329 530 420 1079 1993

p h y to p lan k to n  p ro d u c tio n  m easurem ents in  the  N o rth  
Sea. T h e  difficulties o f  in te rp re tin g  such  changes in  
th e  p lan k to n  in  re la tio n  to  env ironm en ta l variab les 
w ere recen tly  discussed in  a  series o f papers by  G lover 
e t a l. (1972, 1973, 1974). M a n y  causes o f  biological 
v a ria b ility  a re  now  know n from  la b o ra to ry  experi­
m ents, b u t i t  is d ifficult to  ex trap o la te  to  the  n a tu ra l 
en v iro n m en t because tim e-series d a ta  for physical 
a n d  chem ical variab les a re  in a d eq u a te . C onsequently  
i t  is only  possible to  specu la te  a b o u t causa l re la tio n ­
ships. T h ey  can  b e  discussed u n d e r  five m a in  head ings : 
p o llu tio n , c lim atic  change, biological succession, p h y ­
to p lan k to n  com position , a n d  sam pling  artifacts.

M oore  an d  H arriss (1974) h av e  show n th a t  the  
com ponen ts o f  a  n a tu ra l p h y to p lan k to n  co m m u n ity  
a re  d iffe ren tia lly  sensitive to  PCBs. S uch  a  selective

tox ic ity  to  p o llu tan ts  could  c lea rly  resu lt in  changes 
in  co m m u n ity  s tru c tu re . T h e  considerab le increase in  
nu trie n ts  w hich  has taken  p lace  in  the  so u th ern  N o rth  
Sea in  rec en t years (F o lkard  an d  Jo n es , 1974) could  
also, conceivably , affect th e  p ro d u c tiv ity  a n d  co m ­
m u n ity  com position  in  areas D l  a n d  D2. H ow ever, 
po llu tio n  seems a n  un like ly  cause o f  th e  changes 
described  here , because a  recen t survey  (IC E S , 1974) 
repo rts  th a t  the  N o rth  Sea is re la tive ly  unpo llu ted .

C hanges observed in  b o th  th e  p h y to p lan k to n  an d  
Zooplankton o f  th e  N o rth  Sea a re  p a r t  o f  a  p a tte rn  
w hich  is typ ical o f a  la rg e  a re a  o f th e  N o rth  A tlan tic  
(C olebrook, 1972; G lover e t ah , 1974). T hese  results 
tend  to  suggest th a t m a jo r n o r th e rn  hem isphere h y d ro ­
m eteoro log ical tren d s as described  by  D ickson an d  
L ee (1972) a re  likely  to b e  the  m a in  causative fac to r

2 5 *
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Phytoplankton Colour Diatom Abundance Ceratium spp. Abundance

B 2

B1

F igu re  299c. P h y to p lan k to n  from  1958 to 1973 in  s ta n d a rd  areas B2 an d  B Í.

C o n to u r levels:
P h y to p lan k to n  D ia to m  Ceratium spp.

co lour a b u n d an ce  ab u n d an ce

B2 70 110 235 128 274 530 274 640 1150
BÍ 50 87 150 128 274 750 220 530 1134

b eh in d  th e  v ariab ility  o f N o rth  Sea ph y to p lan k to n . 
T hese  c lim atic  trends a p p e a r  to  b e  re la ted  to  a n  u n ­
exp lained  decline in  av a ilab le  solar energy  (D ickson 
a n d  Lee, op . cit.) w hich has led  to  a  change in  pressure 
belts a n d  a  sou therly  ad v an ce  o f  a rc tic  ice. T hese  in  
tu rn  have led  to  low er tem p era tu re s  a n d  changes in  
th e  w a te r  m ovem ents o f  the  N o rth  A tlan tic . A  possible 
reversal o f  these trends from  1971 to  1974 is m e n ­
tioned  by  M iles (1975) in  a  rec en t review  o f th e  causes 
o f  c lim atic  change.

T h e  large-scale changes w hich  h av e  taken  p lace in 
the  N o rth  Sea in  the  la st d ecade  m a y  b e  p a r t  o f a  
long -te rm  p h y to p lan k to n  succession, as d is tin c t from  
th e  a n n u a l succession discussed b y  B raa ru d  e t al. 
(1953). T h e  causes o f  p h y to p lan k to n  succession are  
poo rly  u n d ersto o d . I n  p a r tic u la r , lit tle  is know n  re ­

g a rd in g  in h ib itio n  by  o th e r  com ponents o f  the  p h y to ­
p la n k to n  o r  a b o u t the  feedback  effects o f  a  change 
in  th e  g raz ing  pressure o f  h igher tro p h ic  levels. Such 
a  m echan ism  becom es especially  feasible considering 
th e  m a n -m ad e  changes in  N o rth  Sea fish stocks an d  
th e  com plicated  life cycles, in c o rp o ra tin g  resting  
stages, o f m a n y  p h y to p lan k to n  groups.

A n  increase in  the  ab u n d a n c e  o f m icro  flagellates 
could  explain  th e  general increase o f  p h y to p lan k to n  
co lou r in  th e  la s t decade . M icroflagellates w ould  n o t 
be iden tifiab le  in  th e  C P R  sam ples, as th ey  d is in teg ra te  
in  fo rm alin , b u t  th e ir  ch loroplasts w ould  survive to 
a d d  to  th e  co lo ra tion  o f  the  silks. A  seasonal succession 
o f  la rg e  n u m b ers  o f  flagellates in  th e  N o rth  Sea after 
a  ra p id  increase in  d ia to m  n u m b ers  was observed by 
G ro n tv ed  (1952) in  1947.
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A n a lte rn a tiv e  possib ility  is th a t th e  changes o b ­
served in  the  p h y to p lan k to n  could  be an  a r tifa c t d u e  
to  the  sam pling  characteristics o f th e  C P R . C P R s are  
tow ed a t  a n  ap p ro x im ate ly  co n stan t d e p th  o f 10 m , 
b u t  the  effect o f  w aves, a n d  th e  tu rb u le n ce  caused by  
the  sh ip ’s screw, m ean  th a t  a  rep resen ta tiv e  sam ple 
of, p erh ap s, th e  top  20 m  is o b ta in ed . I t  is, how ever, 
un likely  th a t th e  changes rep o rted  here  cou ld  be 
caused by  th e  p h y to p lan k to n  sinking below  th e  sam ­
p led  d ep th , especially  as la rg e  a reas  o f  the  N o rth  Sea 
a re  un stra tif ied  th ro u g h o u t th e  year.

S U M M A R Y

P a tte rn s  o f changes in  p h y to p lan k to n  co lou r an d  
p h y to p lan k to n  species counts, sam pled  b y  the  C o n ­
tin u o u s P lan k to n  R e co rd er (C P R ) in  the  p a s t sixteen 
years, a p p e a r  to  b e  w idespread  in  th e  N o rth  Sea. 
U n ex p la in ed  anom alies b etw een  p h y to p lan k to n  co lour 
a n d  the  species counts m ig h t possibly be caused by  
an  increase in  m icroflagellates. T h e  extensive n a tu re  
o f these changes im plies th a t  they  a re  un likely  to  be 
re la ted  to  po llu tion  b u t  a re  p ro b ab ly  re la ted  to  m ajo r 
c lim atic  events th a t  have taken  p lace  over th e  sam e 
period . A  p ro g ram m e to exam ine changes in  com ­
m u n ity  s tru c tu re  a n d  to ex tend  th e  record  b ack  to 
1931 by  u tiliz ing  p rew ar C P R  d a ta  is cu rren tly  
u n d e r  way.
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