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J .  M . COLEBROOK 

In stitu te  for M a rin e  E nv iro n m en ta l R esearch  
P lym ou th , E ngland

IN T R O D U C T IO N

A  ro u tin e , m o n th ly , synoptic  survey  o f  th e  Z o o ­
p lan k to n  o f the  N o rth  S ea a n d  th e  N o rth ea s t A tlan tic  
has been  ca rried  o u t using  C ontinuous P lank ton  
R eco rders (G lover, 1967) for the  period  from  1948 to 
the  p resen t.

P lank ton  recorders a re  tow ed a t  a  s ta n d a rd  d ep th  
o f  10 m  b eh in d  m e rc h a n t ships a n d  O cean  W e a th e r  
Ships a long  a  n u m b e r o f  m ore  o r less fixed routes, 
a n d  as fa r as possible a t  m o n th ly  in te rvals. T h e  re ­
corders collect a  con tinuous sam ple o f th e  p lan k to n  
w hich , for purposes o f analysis, is d iv ided  in to  sections 
each  rep resen ting  10 m iles o f tow ing  a n d  a b o u t 3 m 3 
o f  w a te r  filtered . N orm ally , a l te rn a te  10-m ile sections 
a re  ana lysed  using th e  m ethods described  b y  R a e  
(1952) a n d  C olebrook (1960). T h e  ro u tin e  processing 
p rocedu res ap p lied  to  these d a ta  a re  described b y  
C olebrook  (1975b).

As far as possible, th e  Zooplankton a re  iden tified  
as to  species b u t, in  som e taxonom ic groups, id e n ­
tification  is confined to  genus, fam ily, o r even h ig h e r 
categories. T h e  survey provides in fo rm ation  a b o u t th e  
seasonal, g eog raph ica l, a n d  a n n u a l f luctuations in  
ab u n d a n c e  o f the  species a n d  o th e r  en tities in  th e  
Z ooplankton.

Y ear-to -year changes h av e  been  s tu d ied  extensively 
in  the  d a ta  from  th e  C on tinuous P lank ton  R eco rd er 
S u rv ey ; C olebrook  a n d  R ob inson  (1964) an d  C ole­
brook (1963, 1966, 1972b) a ll dea l p rim a rily  w ith  
an n u a l f luctuations in  a b u n d a n ce . T h e  m a in  em phasis 
in  these stud ies is th e  exam ina tion  o f  re la tionsh ips 
betw een  species a n d  betw een  geog raph ica l areas w ith  
respect to  a n n u a l fluc tua tions in  ab u n d a n c e . W ith  the  
accu m u la tio n  o f  d a ta  for ad d itio n a l years i t  has 
recen tly  becom e possible to  sh ift th e  em phasis tow ards 
stud ies o f  the  form  a n d  n a tu re  o f the  y ear-to -y ear 
changes them selves; in  p a r tic u la r , th e  results have 
revealed  system atic  long -te rm  trends in  ab u n d a n ce  
o f  m a n y  organism s a n d  in  th e  tim in g  o f  seasonal 
cycles (see, fo r exam ple , C olebrook, 1972b; a n d  G lo ­

ver, R ob inson , a n d  C olebrook , 1972). M ore  o r less 
ro u tin e  d a ta  p resen ta tions have been  deve loped ; these 
a re  u p d a te d  yearly  a n d  a  re p o rt is p re p a re d  (see, 
fo r exam ple , C olebrook, 1975a).

T h is p a p e r  is confined to  a  sum m ary  p resen ta tion  
o f  som e o f th e  m a in  fea tu res o f  y ea r-to -y ea r changes 
in  th e  a b u n d a n c e  o f  Zooplankton in  th e  N o rth  Sea 
for th e  period  1948-1973, to g e th e r  w ith  a  s tudy  of 
re la tionsh ips betw een  these changes a n d  those tak ing  
p lace  in  n e ig h b o u rin g  areas  ou tside th e  N o rth  Sea. 
In  ad d itio n  to  p resen tin g  som e o f the  long -te rm  trends 
described  prev iously , a n  analysis o f  p ow er spectra 
reveals cycles o f a b o u t 3 y ea rs’ a n d  7 to  10 years’ 
d u ra tio n  in  th e  a b u n d a n c e  o f  m a n y  organism s.

C H A N G E S  IN  T H E  Z O O P L A N K T O N

In  a n  analysis o f v a ria n ce  o f  d a ta  for 13 species 
a n d  o th e r  en tities o f Z ooplankton in  4 a reas  covering 
th e  N o rth  Sea, fo r each  o f  th e  12 m on ths o f the  year 
a n d  for 22 years from  1948 onw ards (C olebrook, 
1972a), the  sum s o f th e  v a rian ce  ratios fo r the  effects, 
a n d  th e ir  in te rac tio n s for each  m a in  effect, w ere:

Species 278
M o n th s 66
A reas 45
Y ears 17

T h ese  figures in d ic a te  th a t  th e  m ag n itu d es o f  year- 
to -y ear changes a re  re la tive ly  sm all co m p ared  w ith  
th e  v ariab ility  in  the  d a ta  d u e  to  the  differences in  
ab u n d a n c e  betw een  species a n d  th e ir  seasonal a n d  
geog raph ica l varia tions. T w o exam ples a re  illu stra ted  
in  F igures 300 a n d  301, b o th  re la tin g  to  seasonal 
v aria tions. F ig u re  300a is a  p lo t o f  m o n th ly  m eans 
o f  a b u n d a n c e  for a  copepod , Pseudocalanus, in  the  
w estern  cen tra l N o rth  Sea fo r th e  period  1948-1973. 
T h e  p lo t shows a  c lear seasonal cycle in  each  y ea r  
w hile, over the  years, th e re  has been  a  s ligh t decline
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F igu re  300. a) A  p lo t o f  m o n th ly  m eans o f  a b u n d a n c e  o f  Pseudo­
calanus in  the w estern  cen tra l N o rth  Sea fo r th e  years from  1948 
to  1973. b) T h e  pow er sp e c tru m  o f  th e  v ariab le  p lo tted  in 
F ig u re  300a.

in  its am p litu d e  im p ly ing  a  d o w n w ard  tren d  in  
ab u n d a n ce . T h e  p ow er sp e c tru m 1 o f th e  variab le  
ind ica tes  th a t  a b o u t 60%  o f th e  to ta l v a ria b ility  is 
associated  w ith  th e  12-m onth  cycle co m p ared  w ith  
on ly  a b o u t 5 %  associated  w ith  the  trend .

1 T h e  pow er sp e c tru m  yields a  m easure o f  the d is trib u tio n  o f  
v a rian ce  in  a  time series over a  con tinuous d o m a in  o f  a ll possible 
wavelengths from  lin ear tre n d  to  tw ice th e  in terval betw een  succes­
sive observations in  th e  series.

N o ' s  p e r  s a m p l e  
14 61 155

 V

J  F M A M J  J  A S O  N D
48

50

52

54

56

58

60

62

64

66

68

70

72 •

F ig u re  301. A  co n to u red  d iag ram  o f  th e  m o n th ly  logarithm ic  
m eans o f  a b u n d a n c e  o f  Calanus, a rra n g ed  as a  m o n th ly /y ear 
a rra y , fo r the w estern  c e n tra l N o rth  Sea for the years from  1948 
to  1973. A  key to th e  con tours is given.

T h e  second exam ple  (Fig. 301) shows, as a  co n ­
to u red  m o n th /y ea r  d ia g ra m , th e  ab u n d a n ce  o f the 
copepod  Calanus in  the  w estern  cen tra l N o rth  Sea. 
T h e  tim ing  o f  the  sp rin g  increase in  ab u n d a n ce  has 
rem a in ed  rem ark ab ly  co n s tan t over the  26-year period  
in  spite o f  y ear-to -y ear changes in  a b u n d a n c e : th e re  
is no consisten t d ifference in  tim ing  betw een  years 
w ith  h igh  nu m b ers  (1950, 1957, 1960, 1963, 1966, 
a n d  1969) a n d  years w ith  low  n u m b ers  (1956, 1962, 
1968, a n d  1971).

I t  has b een  show n (C olebrook, 1972a) th a t  year- 
to -year changes in  geograph ica l d is trib u tio n  in  the 
N o rth  Sea a re  also re la tive ly  sm all in  m agn itude .

In  general, therefo re, th e  com position , seasonal 
cycles, a n d  geog raph ica l d istribu tions o f  the  Zoo­
p la n k to n  h av e  n o t ch an g ed  very  m u ch  over the  last 
26 years.

N evertheless, th e re  h av e  been  d e tec tab le , a n d  in  a
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Figure 302. A  c h a r t  o f  th e  N o rth eas t A tlan tic  a n d  th e  N o rth  Sea 
show ing th e  subdiv ision  o f  th e  su rvey  in to  s ta n d a rd  areas.

few  cases fa irly  considerab le, lo n g -te rm  changes in  
a b u n d a n c e ; experience has show n th a t  the  best ex­
pressions o f  these changes a re  o b ta in ed  by  ca lcu la tin g  
a n n u a l m eans (thus e lim in a tin g  seasonal changes) for 
defined s ta n d a rd  areas  (large enough  to  give reason­
ab le  n u m b ers  o f sam ples b u t  sm all enough  n o t to 
obscure geograph ica l varia tio n s). T h e  set o f  a reas  for 
w hich v irtua lly  com plete  d a ta  a re  av a ilab le  from  1948 
onw ards is show n in  F ig u re  302.

T h e  re liab ility  o f  such expressions o f a n n u a l fluc­
tu a tio n s in  ab u n d a n c e  can  b e  assessed only  on  th e  
basis o f  coherence b o th  w ith in  d a ta  for th e  sam e 
species in  d iffe ren t a reas  a n d  for d iffe ren t species 
w ith in  the  sam e area .

A nalysis ind ica tes  th a t  th e re  is, on the  w hole, fairly  
considerab le coherence w ith in  co m p arab le  d a ta  sets. 
T w o  exam ples a re  illu stra ted  in  F igure  303 by  m eans 
o f  half-norm al p lots o f  sets o f  co rre la tion  coefficients 
(H ills, 1969). F igu re  303a refers to  th e  co rre la tions 
betw een  a ll possible pairs  o f a reas  for the  year-to -year 
f luctuations in  a b u n d a n c e  o f Pseudocalanus fo r the  
years 1948 to  1973. I f  the  d a ta  w ere com pletely  
ra n d o m  then  the  “ p o p u la tio n ”  co rre la tion  coefficients 
w ould  be expected  to be zero  a n d  the z-transfo rm ations 
o f  th e  “ sam ple”  co rre la tion  coefficients should  fall on 
o r n ea r  a  s tra ig h t line w ith  a  slope re la ted  to  the

2-5 3 0
DEVIATION

F igu re  303. H alf-n o rm al p lo ts o f  z-transform ations o f  th e  co r­
re la tio n  coefficients betw een sets o f  an n u a l fluc tuations in  
a b u n d an ce  fo r 1948 to 1973 fo r: a) d a ta  fo r  Pseudocalanus 
from  all a reas show n in  F igu re  302; a n d  b) d a ta  fo r all the 
species an d  o th e r  en tities listed in  T a b le  164 w h ich  occu r in 
a re a  C2.

n u m b e r  o f years involved . In  F ig u re  303a it can  be 
seen th a t  th e  z-transfo rm ations o f th e  observed  co r­
rela tions fall w ell above this line , in d ic a tin g  coherence 
betw een  th e  d a ta  for all the  in c lu d ed  areas. F igure  
303b shows a  sim ilar p lo t for th e  a n n u a l fluctuations 
in  ab u n d a n c e  o f 18 species a n d  o th e r  en tities for a re a  
C2 (see F ig. 302). A gain th e  observed  co rre la tions fall 
well above th e  expected  s tra ig h t line, in d ic a tin g  co­
h erence w ith in  th e  d a ta .

D a ta  a re  av a ilab le  for a b o u t 18 species a n d  o th er 
en tities (see T a b le  164) for each  o f th e  12 areas  show n 
in  F ig u re  302: a  to ta l o f 216 d a ta  sets. T h is  poses 
prob lem s of p resen ta tion  a n d  even g rea ter p roblem s 
o f assim ilation . O n e  solution  is to  use p rin c ip a l com -
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ponen ts analysis to  derive  expressions o f  th e  m ain  
elem ents o f th e  y ear-to -y ear f luctuations in  ab u n d a n ce  
fo r each  a re a  a n d  each  species.

P rin c ip a l com ponen ts analyses h av e  been  done for 
each  o f  the  areas show n in  F igu re  302 (includ ing  d a ta  
for all species a n d  en tities p resen t in  each  a re a ) an d  
also fo r each  species a n d  en tity  listed  in  T a b le  164 
(includ ing  the  d a ta  for each  o f  th e  areas in  w hich it 
occurs). In  all th e  analyses, d a ta  for the  years from  
1948 to  1973 w ere used. In  this p ap e r , how ever, con­
side ra tion  w ill b e  restric ted  to  aspects p a rticu la rly  
re le v an t to  the  N o rth  Sea.

F igu re  304 con tains p lo ts o f the  first tw o com ponents 
for th ree  en tities rep resen ting  m a jo r g roups o f  the  
Zooplankton: copepods, chae to g n ath s, a n d  euphau - 
siids. Po lynom ials o f  u p  to fo u rth  o rd e r  h av e  been 
fitted  to  th e  com ponen ts . Also show n a re  sca tte r 
d iag ram s o f  the  first tw o eigen-vectors, illu s tra tin g  
re la tionsh ips betw een  th e  a reas  w ith  respect to  the 
com ponents.

T h e  first co m p o n en t for copepods shows a  c lear 
do w n w ard  tre n d  for th e  w hole 26 -year p eriod . T h e  
te rm s o f  the co rrespond ing  vec to r (V I in  the  d iag ram ) 
a re  all positive a n d  show  a  re la tive ly  sm all scatter, 
in d ic a tin g  th a t  this p a t te rn  o f  a n n u a l f luctuations in  
a b u n d a n c e  is com m on to th e  w ho le  a re a  in c lu d in g  
O cean ic  A tla n tic  a n d  C o n tin en ta l S helf areas as well 
as th e  N o rth  Sea.

T h e  second p rin c ip a l com ponen t o f copepods also 
shows a  long -te rm  tren d , rep resen ted  b y  a  fourth  
o rd e r  po lynom ial. T h e  co rrespond ing  v ec to r shows 
fa irly  h igh  positive values for the  N o rth  Sea areas an d  
negative  values for th e  O cean ic  A tla n tic  areas, in ­
d ica tin g  th a t the  form  o f  th e  v a ria tio n  is com m on to 
a ll areas , b u t i t  is o f  opposite sign in  the  N o rth  Sea 
a n d  th e  A tlan tic .

T h e  com ponen ts a n d  vectors fo r chae tognath s tell 
m u ch  th e  sam e story. T h e  first co m p o n en t shows a 
dow nw ard  tre n d  a n d  the  v ec to r te rm s a re  all positive 
b u t w ith  a  la rg e r  sc a tte r  th a n  fo r the  copepods. T h e  
second co m p o n en t shows a  fou rth  o rd e r  tren d  sim ilar 
in  form  b u t opposite in  sign to  th a t  o f the  copepods, 
a n d  the  vectors in d ic a te  a  c lear inverse re la tionsh ip  
betw een  the  N o rth  Sea a n d  th e  O cean ic  A tlan tic .

T h e  first co m p o n en t for euphausiids shows a  fourth  
o rd e r  tren d  com m on in  form  a n d  sign in  m ost areas, 
sim ilar in  form  an d  sign to th e  second co m p o n en t for

F igu re  304. P lo ts o f  the first an d  second p rin c ip a l com ponents, 
w ith  fitted  polynom ials, fo r th e  a n n u a l fluctuations in  a b u n ­
d an ce  o f  to ta l copepods, to ta l chaetognaths a n d  to ta l e u p h a u ­
siids fo r th e  years from  1948 to  1973. In  each  case d a ta  from  
all th e  areas show n in F igure 302 a re  inc lu d ed . S ca tte r d ia ­
g ram s o f  th e  co rre spond ing  eigen-vectors a re  also show n. In  
these p lo ts circles have b een  d raw n  a ro u n d  vectors for each  
N o rth  Sea a re a  an d  sq u a res a ro u n d  those for the O cean ic  
A tlan tic  areas.
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T ab le  164. T h e  species a n d  o th e r  en tities w ith  the  areas for w h ich  good d a ta  for a n n u a l fluctuations in  a b u n ­
d ance  are  availab le . T h e  d a ta  cover the  period  1948 to 1973 unless otherw ise in d ic a ted  b y  a n  in itia l y ea r 
in  the  la st colum n. A  key to  the  areas is g iven in  F igure  302

B5 B4 B2 BÍ C5 C 4 C2 C l D 5 D 4 D2 D1

Acartia clausi........................................... X X X X X X X X X X X X

Calanus fin . finmarchicus........................ X X X X X X X X X X X X ’58
Calanus helgolandicus............................. X X X X X X X X X X X X ’58
Calanus stages V - V I * ........................ X X X X X X X X X X X X

T o ta l Calanus a ll s tages..................... X X X X X X X X X X X  . -
Candacia armata...................................... - X - X X X X X X - -
Centropages typicus................................. X X X X X X X X X X X X

Euchaeta norvegica................................. X X - X X - - - X - - - ’54
M etridia lucens........................................ X X X X X X X X X X X X

Pleuromamma robusta............................. X X - - X - - - X - - -
Pseudocalanus elongatus.......................... X X X X X X X X X X X X

Temora longicornis................................. X X X X - X X X - X X X

T o ta l C o p ep o d s................................... X X X X X X X X X X X X

Podon sp p ................................................. X X X X X X X X X X X X ’58
Evadne sp p ............................................... X X X X X X X X X X X X ’58
T o ta l H y p e r iid e a ................................ X X X X X X X X X X X X

T o ta l E u p h a u s ia c e a ........................... X X X X X X X X X X X X

Spiratella retroversa................................ X X X X X X X X X X X X

T o ta l C h a e to g n a th a .......................... X X X X X X X X X X X X

* Calanus stages V -V I  is a n  estim ate  o f  the to ta l o f  these stages for Calanus finmarchicus finmarchicus a n d  Calanus helgolandicus. I t  is 
in c lu d ed  in  ad d itio n  to  these species because observations a re  availab le  for th e  w hole period  since 1948, w hereas th e  species w ere 
n o t iden tified  a n d  coun ted  in  ro u tin e  analysis u n til 1958.

to ta l copepods b u t opposite in  sign to  the  second 
com ponen t fo r th e  chae tognaths. T h e  second com ­
p o n e n t fo r euphausiids shows a  tren d  sim ilar in  degree 
b u t d iffering  in  phase from  the  first com ponen t. T h e  
lack  o f  an y  c lea r geograph ica l p a t te rn  suggests th a t 
i t  m ay  be a  residual o f the  first com ponen t rep resen ting  
varia tions in  th e  p hase  o f th e  tren d  in  d iffe ren t 
areas.

T hese th ree  exam ples a re  su p p o rted  by  th e  analyses 
fo r m ost o f the  o th e r  species an d  also b y  the  analyses 
o f d a ta  w ith in  the  areas. I t  w ould  a p p e a r  th a t th e re  
a re  tw o basic p a tte rn s  o f events. F irstly , a  dow nw ard  
tre n d  in  a b u n d a n c e  w hich  is com m on in  form  an d  
sign in  all the  areas, occu rring  n o t only  in  th e  N o rth  
Sea b u t also in  the  O cean ic  A tla n tic  a n d  over th e  
C o n tin en ta l Shelf. Secondly, a  fou rth  o rd e r  tren d , 
also found  th ro u g h o u t the  a re a  b u t  v a ry in g  in  
sign from  species to  species; w ith in  som e species 
i t  varies in  sign betw een  th e  A tla n tic  a n d  the  N o rth  
Sea.

T h e  first p r in c ip a l com ponents fo r all th e  entities 
listed  in  T a b le  164 fo r each  o f  th e  N o rth  Sea areas 
h av e  been  exam ined  for sho rte r te rm  periodicities. 
F igu re  305 con tains p lots o f  th e  first com ponents for 
th e  areas C2, C l ,  D 2 , a n d  D1 (see Fig. 302) to g e th er 
w ith  p lots o f  th e ir  pow er spectra  follow ing the  rem oval 
o f an y  lin e a r  tren d . In  each a re a  th e re  a re  ind ications 
o f tw o period ic ities: a t  2 to  3 years a n d  a t  7 to  10 
years. Because the  d a ta  series extends over on ly  26

years th e  rea lity  a n d  tim in g  o f th e  la t te r  period  m u st 
b e  in  doub t.

A  few o f  th e  m o re  a b u n d a n t en tities occur, in  som e 
areas, in  sufficient num bers th ro u g h o u t th e  y ea r  to 
w a rra n t th e  ca lcu la tio n  o f anom alies from  long -te rm  
m o n th ly  m eans in  a n  a t te m p t to  rem ove seasonal 
v aria tions. In  m ost instances fu rth e r  selective sm ooth ­
in g  is re q u ired  to  rem ove the  seasonal v a ria tio n  en ­
tire ly . T w o  exam ples o f  such  tim e series, free o f  sea­
sonality , a re  given in  F igures 306 a n d  307 to g e th er 
w ith  th e ir  pow er sp ec tra  (w ith  the  lin e a r  tre n d  re ­
m oved fo r Pseudocalanus) . T hese  su p p o rt th e  evidence 
from  the  com ponents for th e  existence o f a  period ic ity  
a t  a b o u t 3 years a n d  a  longer period ic ity , a p p a re n t 
in  these exam ples, a t  8 a n d  a b o u t 13 years. As w ith  
the  a n n u a l series, p rob lem s o f  reso lu tion  th ro w  som e 
d o u b t on  th e  rea lity  o f the  longer period icities, a l ­
th o u g h  th e  ev idence for th e  sh o rte r p eriod , o f  a b o u t 
3 years, is strong.

D IS C U S S IO N

T h e  com m onality  in  th e  form  o f a n n u a l fluctuations 
in  ab u n d a n c e  over such a  w ide a re a  in c lu d in g  O ceanic , 
A tla n tic  Shelf, a n d  N o rth  Sea areas a n d  th e  existence 
o f  tren d s  a n d  period icities in  the  flucations alm ost 
in e v ita b ly  im plies th a t  the  y ear-to -y ear changes in  
th e  a b u n d a n c e  o f Z ooplankton in  th e  N o rth  Sea are  
d e te rm in e d  to  a  la rg e  e x ten t b y  physical en v iro n ­
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F igure 305. Plots for th e  first p rin c ip a l com ponents fo r each  of 
th e  N o rth  Sea areas (see Fig. 302) w ith  fitted  lin e a r  trends 
to g e th er w ith  th e  pow er sp ec tra  o f  the com ponents follow ing 
th e  rem oval o f th e  lin e a r  trends.

m e n ta l changes on a  scale co m p arab le  w ith  general 
c lim atic  changes.

S outhw ood e t al. (1974) p resen ted  som e exam ples 
o f long -te rm  changes in  biological variab les in  the 
E nglish  C h an n el a p p a ren tly  re la ted  to  changes in  
sea-surface tem p era tu res  w hich  in  tu rn  w ere a t t r ib ­
u te d  to  general c lim atic  changes. D ickson e t al. (1975) 
h av e  suggested a  possible re la tio n sh ip  betw een  changes 
in  the  geog raph ica l d is trib u tio n  o f som e p lan k to n  
en tities in  th e  n o r th e rn  N o rth  A tla n tic  d u rin g  the 
years 1966 to  1973 a n d  a  change in  a tm ospheric  
c ircu la tio n  associated  w ith  a  cell o f  h igh-pressure 
anom alies over G reen lan d .

W ork  is in  progress in  th e  C on tinuous P lank ton
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F igu re  306. M o n th ly  m eans o f  a b u n d a n c e  o f  Pseudocalanus for 
a re a  C l (see Fig. 302) fo r th e  years 1948 to 1973, p lo tted  as 
anom alies from  the long -te rm  m eans fo r each  ca len d ar m onth  
a n d  sm oothed, to rem ove the seasonal cycle. T h e  pow er 
spectrum  o f  the v a riab le  follow ing th e  rem oval o f  l in ear tren d  
is also given.

R e co rd er p ro g ra m m e a im ed  a t  iden tify ing  fu rth e r 
re la tionsh ips o f a  sim ilar n a tu re . F ea tu res  sim ilar to 
m ost o f  the  y ear-to -y ear fluctuations o f  th e  p lan k to n  
h av e  been  iden tified  in  expressions o f  fluc tua tions of 
sea-surface tem p era tu res . T h e  full ex ten t o f  th e  re ­
la tionsh ips has y e t to be de te rm in ed  a n d  it  w ould  be 
p re m a tu re  to p resen t the  results here , b u t it  seems 
likely  th a t  they  reflect a  com m on response to  hydro- 
g rap h ic  changes re la ted  to  large-scale (possibly h em ­
ispheric) c lim atic  changes.

A C K N O W L E D G E M E N T S

T h e  d a ta  involved  in  th is s tudy  h av e  b een  col­
lec ted  con tinuously  on  a  m on th ly  basis for a  period  
o f tw enty-six  years. T h e  a u th o r  w ould  like to  acknow ­
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Figure 307. P lots s im ilar to  those in

ledge his obvious d e b t to  all those w ho h av e  been  
involved  in  th e  trem endous task o f ru n n in g  th e  C on­
tinuous P lank ton  R eco rd er survey d u rin g  this period  
an d  especially  to  the  m asters, officers, a n d  crew s o f 
the  ships w ith o u t w hose w illing  coopera tion  th e  survey 
w ould  b e  im possible.

T h is w ork  form s p a r t  o f  th e  p ro g ram m e o f  th e  
In s titu te  for M a rin e  E nv iro n m en ta l R esearch , a  com ­
p o n en t o f  th e  N a tu ra l E n v iro n m en t R esearch  C ouncil 
a n d  su ppo rted , in  p a r t , by  the  M in istry  o f A gricu ltu re , 
F isheries a n d  Food.
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