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IN T R O D U C T IO N

T h is  p a p e r  sum m arizes a n d  b rin g s u p  to d a te  a  
series o f papers  describ ing  the  p la n k to n  o f  th e  n o r th ­
w estern  N o rth  Sea in  re la tio n  to the  en v iro n m en t an d  
d is trib u tio n  o f  h e rr in g  (see B a inb ridge  a n d  F orsy th , 
1972). F ig u re  308 shows the  areas o f th e  survey  an d  
also th e  m ig ra tion  rou tes o f th e  h e rr in g  w hich  spaw n 
a t  sca tte red  localities from  th e  S h e tla n d  Islands to 
th e  east coast o f  S co tland  d u rin g  A ugust a n d  S ep ­
tem b er. T h e  h errin g  then  trave l east to overw in te r 
a lo n g  th e  edge o f the  N orw egian  R in n e  a n d  m ig ra te  
w estw ard  to feed d u rin g  spring  a n d  ea rly  sum m er.

D u rin g  th e  postw ar years th e re  h av e  been  som e 
d ra m a tic  changes in  th e  Scottish  h e rr in g  fishery of 
th e  no rth w este rn  N o rth  Sea. T h e  d rifte r  fleet, o p e ra t­
in g  from  S h e tla n d  a n d  th e  B uchan  po rts , declined  
from  over 400 boats in  1948 to  less th a n  40 in  1969, 
a n d  by  1974 i t  was reduced  to a  single d rifte r w ork ing  
o u t o f L erw ick. T h e  h errin g  stock is now  exploited  
m a in ly  b y  purse-seine vessels w hich h av e  increased  
from  a  single vessel in  1966 to a  fleet o f 30 in  1975. 
In  ad d itio n , co n tin en ta l traw lers fish fo r h e rr in g  in  
th e  sam e area .

T h ro u g h o u t th e  1960’s the  S h e tla n d  fishery co n ­
tin u e d  to  prosper, w hile the  B uchan  fishery failed 
a lm o st every  y ea r  a n d  by th e  end  o f  the  d ecade  h a d  
v ir tu a lly  d isappeared . In  th e  seventies the  S h etlan d  
fishery has steadily  declined  b u t  w as still a  v iab le  
fishery for purse-seine vessels in  1974. Scientists a t  th e  
M a rin e  L ab o ra to ry , A berdeen  (for exam ple , Saville, 
1967) h av e  m onito red  the  fluctuations in  the  h e rrin g  
stock a n d  h av e  p rov ided  details o f  its d is tribu tion , 
a b u n d a n c e , a n d  ag e  com position  over th e  years.

M E T H O D S

T h e  p la n k to n  d a ta  used in  th is p a p e r  a re  based  on 
sam ples co llected  by  the  h e rr in g  fisherm en, supp le­
m en ted  a t  tim es by  sam pling  from  th e  research  ships

t  24 Ju n e  1974.

o f the  D e p a rtm e n t o f  A gricu ltu re  a n d  Fisheries for 
S cotland . B eginning  in  1948 a t  B uchan  an d  in  1957 
a t  S hetland , h err in g -d rif te r  fisherm en w ere asked to 
tow  a  P lank ton  In d ic a to r  (G lover, 1953) on  th e ir  way 
to  o r from  the  fishing g rounds. T h e  tow , o f  ten  m in u tes’ 
d u ra tio n  a t  full speed (8 kno ts), th eo re tica lly  sam pled  
0-3 m 3 o f w ate r. O n ly  sam ples taken  betw een  1700 
an d  0500 h r  G M T  w ere used  in  o rd e r  to red u ce  the 
v ariab ility  d u e  to  d iu rn a l m ig ra tions. F o r fu ller details 
o f th e  m ethods o f sam pling  a n d  analysis, see B ain ­
b rid g e  a n d  F o rsy th  (1972).

SEASONAL CYCLES IN  T H E  PL A N K T O N  
O F T H E  FIS H IN G  G R O U N D S

T h e  d a ta  for the  years 1957 to  1974 w ere com bined , 
an d  th e  average w eekly varia tions o f th ree  o f  the  m ain  
elem ents o f  th e  p lan k to n  a re  show n in  F igu re  309, 
w h ich  brings u p  to  d a te  F ig u re  4 o f B a inbridge an d  
F o rsy th  (1972) w ho co m b in ed  d a ta  fo r th e  years 
1957 to  1967.

In  th e  B uchan  area , C op ep o d a  used to  decrease in  
J u ly  b u t  recovered  in  la te  A ugust a fte r th e  sum m er 
m ax im u m  o f th e  dinoflagellates. (T h e  increase of 
dinofiagellates in  S ep tem b er is en tire ly  d u e  to one 
w eek in  1971 w hen  th e re  w ere excep tionally  h igh  
n u m b ers  o f  Ceratium spp.) Spiratella reach ed  a  peak  
in  la te  A ugust a n d  th e reafte r declined.

T h e  rela tionsh ips betw een  the  tim ing  o f the  sea­
sonal cycles w ere m uch  the sam e in  the  S h etlan d  area , 
a lth o u g h  th e re  w ere differences in  th e  overa ll n um bers 
betw een  the  tw o areas. T h e  ad d itio n  o f  d a ta  for the 
years 1968-1974 has m a d e  little  d ifference to the 
a p p a re n t form  o f the  seasonal cycles in  th e  tw o areas, 
b u t th e re  a re  b ig  differences in  th e  n u m b ers  of o rg an ­
ism s a t  S hetland , reflecting la rge  increases in  num bers 
o f dinoflagellates a n d  decreases in  copepods an d  
Spiratella d u rin g  the  p as t seven years; these changes 
a re  discussed below.
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Figure 308. Schematic diagram  of the m igratory p a tte rn  of the Buchan spawning stock of herring during the 1950’s (adapte 
Flarden Jones, 1968). T he hatched area represents the overwintering grounds. Superimposed on the chart are the twc 
subdivisions used for the Plankton Indicator survey.

A gain  com bin ing  d a ta  for the  years 1957-1974, th e  
species com position  o f the C op ep o d a  is illu s tra te d  in  
F ig u re  310. T h e  p rinc ipa l species in  the  B uchan  a re a  
w ere  Calanus finmarchicus, Temora longicornis, an d  Acartia 
clausi, w hile  a ro u n d  S hetland , they  w ere Calanus an d  
th e  com bined  g en era  Paracalanus parvus a n d  Pseudo­
calanus elongatus. In  b o th  areas, m ax im u m  n u m b ers  o f 
Calanus w ere found  in  J u n e  follow ed by  a  g ra d u a l 
dec line  a t  B uchan  a n d  a  sh a rp  one a t  S h e tla n d . T h e  
B uchan  a re a  w as d o m in a ted  by  Acartia a n d  Temora 
w ith  an  early  p eak  o f Calanus, w hile th e  S h e tla n d  a re a  
w as d o m in a te d  by  Calanus w ith  a  secondary  p eak  of 
Paracalanus a n d  Pseudocalanus.

AN NUA L V A R IA T IO N  O F T H E  PL A N K T O N

T h e  analysis o f  a n n u a l varia tio n s in  th e  p lan k to n  
d u r in g  the  fishing season follows th e  system  used  by 
G lover (1957) a n d  W illiam son  (1961), w ho ad o p ted  
a  s ta n d a rd  season o f 12 weeks co incid ing  rou g h ly  w ith  
th e  m ain  su m m er fishery; th a t  is, Ju n e , J u ly , a n d  m ost 
o f  A ugust. T h e  d a ta  for th e  B uchan  a re a  from  1948 
to  1974 a re  co m p ared  an d  con trasted  w ith  d a ta  for 
th e  S h etlan d  a re a  from  1957 to  1974.

C O R R E L A T IO N  ANALYSIS

T h e  d a ta  w e re  transform ed [y  =  log10 (x +1) 
s tan d ard ized  to  zero m ean  a n d  u n it  v a rian ce  in  
to  elim inate d ifferences in  the  level o f abunda i 
various en titie s ; p a tte rn s  o f a n n u a l fluctuation  
th e n  be easily  com pared  be tw een  species. Son 
am ples a re  show n  in F igure  311. C ladocera , T  
a n d  Centropages hamatus show  sim ila r b u t  irrt 
p a tte rn s  o f v a r ia tio n  over the  years a t  b o th  Bí 
a n d  S hetland . T h e  d inoflagellates in  b o th  areas 
th e  sam e tre n d  w ith  a  period  o f  low  a b u n d a n «  
th e  years 1964 to  1967 a n d  inc reasing  n early  
y ea r  th e reafte r. Acartia in  the  B uchan  a re a  sh< 
m ark ed  tre n d  o f  increasing  ab u n d a n c e , especia 
th e  last four years, b u t ir re g u la r  v a ria tio n s  i: 
S hetland  a re a . Calanus shows clearly , in  b o th  ; 
th a t  follow ing th e  early  years o f h ig h  av erag e  nun 
th e re  has b een  a  steady  a n d  d ra m a tic  fall i 
level of a b u n d a n ce , s ta rtin g  in  1959 a t  Buchai 
six or seven years la te r in  S h e tla n d  w aters, 
m olluscs Spiratella a n d  Clione h a d  a n n u a l vari; 
v e ry  sim ilar to  one an o th er as m ig h t be exp 
from  th e ir  close p re d a to r/p re y  re la tionsh ip . ' 
fluctuations, a lth o u g h  som ew hat irre g u la r, b(



The plankton in the northwestern North Sea, 1948 to 1974 399

A U G U S T

vv: ; m ii ¡s fe: 

A U G U S T  1M A Y  J U N E

B u c h a n  a r e a

D in o f la g e l l a ta

S h e t l a n d  a r e a

« 
a
£  6 0 0 - ,  
ID Ul

in 400-
L.0 n
E
jc
c 200 o

C o p e p o d a  

• ----------- •  S p i r a te l la

MAY

r -1 6 0 0 0

-12000

8000

4000 g

S E P T . S E P T

Figure 309. Fluctuations in  the abundance o f some m ajor planktonic groups during the sum m er m onths in  the Buchan and Shet­
land areas. D ata are given as weekly averages for the 18-year period 1957-1974.
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Figure 310. T he average num bers of Copepoda during the sum m er months in  the Buchan and Shetland areas. T he graphs are di­
vided to show the relative abundance of the commoner species. D ata  are averages for the 18-year period 1957-1974.

close resem blance to  those o f  Calanus an d , as w ith  
Calanus, th e  decline in  n u m b ers  becam e a p p a re n t 
a b o u t six years ea rlier in  B uchan  w ate rs  th a n  in  the  
S h etlan d  area .

P R IN C IP A L  C O M PO N EN T ANALYSIS

P rin c ip a l co m p o n en t analysis w as ap p lied  to  all 23 
en tities in  the  p lan k to n , using  th e  s ta n d a rd  12-week 
averages over the  years 1948-1974 in  th e  B uchan  area



400 V. Bainbridge -  D. C. T . Forsyth -  D. W . Canning

BUCHAN 1948 -1 974. S H E T LA N D  1957-1974

D i n o f l a g e l l a t e s2-1 
1 -  

0- 
1 - 
2 -  

3 -
C l a d o c e r a2n 

1 - 
0 - 
1 -  

2 -  

3 -
2 -,

T e m o r a

3 J
2 -1

C . h a m a t u s

C 1 '
o  0-

ro 1~ 2 j

"ö 3J
A c a r t i a

T5

S 0- 

?  i -  
B  2 -
( ? )  3 j

C a l a n u s2-1

0-

2 -

3-

3 1
2 -

S p i r a t e l l a

0-

CI i o n e

i i i i i i i i i i i i i i i i i i i - l— i. -i.. J
¿8 50 52 54 56 58 60 62 64 66 68 70 72 74

i i i I I .1 . I I I
58 60 62 64 66 68 70 72 74

Figure 311. Annual fluctuations in  the sum m er plankton of the B uchan and  Shetland areas. D ata are 12-week averages for 
organisms standardized to zero m ean and un it variance.
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Figure 312. T he first four components of the plankton da ta  for 
the Buchan and Shetland areas.

an d  1957-1974 in  th e  S h e tla n d  a re a . T h e  first four 
com ponents in  the  B u ch an  a re a  accoun ted  for 24-8% , 
19-3%, 10-2% , a n d  8-7%  o f th e  v a ria n ce  respectively 
and , o ff S h e tla n d , 28-0% , 23-2% , 14-1% , a n d  8-3% . 
E ach  co m p o n en t has a  v a lue  for each  y ea r  a n d  a 
m ean  o f zero  over th e  period  (27 years a t  B uchan, 
18 years a t  S h e tla n d ). F ig u re  312 shows th e  a n n u a l 
values ; th e  first a n d  second com ponen ts show  strik ing  
evidence o f lo n g -te rm  trends.

T o  discover w h e th e r  th e re  w ere  g roups o f species 
w ith  sim ila r f lu c tu a tio n  p a tte rn s , th e  first two vectors 
w ere p lo tted  ag a in s t each  o ther. I n  th e  B uchan  area , 
th ree  g roups cou ld  b e  d istinguished . T hese w ere la ­
belled neritic, southern intermediate, a n d  northern inter­
mediate, follow ing th e  classification o f  C olebrook 
(1964). T h e  first, G ro u p  A, consisted o f Temora, 
D inoflage lla ta , Centropages hamatus, Centropages typicus, 
an d  the  com bined  g e n e ra  Paracalanus an d  Pseudocalanus. 
T h is is basically  th e  neritic g roup  o f  ea rlie r  w orkers 
(W illiam son, 1961, a n d  B a inb ridge  a n d  F orsy th , 1972) 
b u t  w ith  th e  ad d itio n  o f Centropages typicus a n d  Para/ 
Pseudocalanus, b o th  o f  w h ich  w ere prev iously  considered 
to be southern intermediate species. In  this a re a  the groups 
C ladocera  a n d  L a rv a c e a  do n o t a p p e a r  to be as h igh ly  
co rre la ted  w ith  th e  o th e r  neritic en tities as w as p re ­
viously th o u g h t. G ro u p  C, consisting  o f  Calanus,

Spiratella, Clione, a n d  euphausiids, is a  fa irly  com pac t 
g ro u p  o f northern intermediate form s a n d  this g roup  very  
closely resem bles a  s im ila r g roup  found  b y  th e  ea rlie r 
w orkers. T h e  th ird , G ro u p  B, consisting o f Sagitta, 
Candacia, Tomopteris, a n d  Oithona, can  b e  said to  be a  
southern intermediate g ro u p  b u t  does n o t ag ree  closely 
w ith  th e  group ings fo und  previously.

I n  th e  S h e tla n d  a re a , th e  groups a re  m ore easily 
iden tified . G ro u p  D , th e  neritic g roup , con tain s Temora, 
Centropages hamatus, Centropages typicus, L arv acea , an d  
th e  C ladocera . T h is  is a  co m p ac t g ro u p  an d  contains 
a ll th e  elem ents o f b o th  W illiam son’s (1961) a n d  B ain ­
b rid g e  a n d  F o rsy th ’s (1972) neritic g roups w ith  the  
a d d itio n  o f Centropages typicus. G ro u p  E, how ever, 
w h ich  a t  B uchan  (B) w as considered southern inter­
mediate, n o w  inc ludes the  m olluscs Spiratella a n d  Clione. 
G ro u p  F  is s im ila r to B uchan  G roup  C  b u t  w ith o u t 
Spiratella a n d  Clione.

By p lo ttin g  V1 ag a in st V2 th e  closely a llied  g roups 
o f  species can  b e  iden tified , b u t  this does n o t show  
how  closely they  a re  co rre la ted . U sing  th e  d a ta  from  
b o th  th e  B uchan  an d  S h etlan d  areas, co rre la tion  
coefficients betw een  th e  an n u a l f luctuations in  a b u n ­
d an c e  o f  all possible p a irs  o f  en tities w ere ca lcu la ted  
using  s ta n d a rd iz ed  12-week averages a n d  are  
p resen ted  as m atrices in  F igu re  313. T h e  affinities 
b etw een  th e  en tities as d em o n stra ted  b y  th e  v ec to r 
p lo ts  a re  c lea rly  show n, especially  in  th e  m a tr ix  o f 
th e  S h e tla n d  d a ta .

H a v in g  iden tified  g roups o f species w ith  sim ilar 
a n n u a l fluctuations, th e  m e an  a b u n d a n c e  o f these 
species w as th e n  ca lcu la ted  an d  co rre la ted  w ith  the  
com ponen ts. T hese , to g e th er w ith  th e ir  significance 
levels, a re  show n in  T ab le  165.

ID E N T IF IC A T IO N  OF CO M PO N EN TS W IT H  
E N V IR O N M E N T A L  V A RIA BLES

T h e  first fou r p rin c ip a l com ponents w ere  tested  for 
c o rre la tio n  w ith  a  few selected physical p ropertie s  o f 
th e  env ironm en t.

M o n th ly  m e a n  values o f surface te m p e ra tu re  a n d  
sa lin ity  in  th e  n o rth ea s te rn  A tlan tic  an d  N o rth  Sea 
a re  av a ilab le  fo r s ta n d a rd  rec tang les o f 2° long itude 
b y  I o la titu d e . F ro m  these w ere ca lcu la ted  averages 
fo r th e  defined  areas  o f  th e  no rthw este rn  N o rth  Sea 
as illu s tra te d  in  F ig u re  308. M o n th ly  anom alies o f 
surface te m p e ra tu re  a n d  salin ity  for th e  B u ch an  a re a  
w ere  ca lcu la ted  as th e  deviations o f th e  m on th ly  
m eans from  th e  lo n g -te rm  m e an  for th a t  m o n th  over 
th e  years 1948-1974. A t S h e tlan d , how ever, th e re  
w ere  too m a n y  gaps in  th e  sa lin ity  d a ta  to  allow  for 
in te rp o la tio n . S um s o f these anom alies fo r d ifferen t 
sets o f  consecutive m onths d u rin g  the  sp rin g  an d  
su m m er w ere  th e n  used fo r com parison  w ith  the
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Figure 313. M atrices o f the product m om ent correlation coefficients between the annual fluctuations in  the average a 
of plankton entities during a  12-week period from Ju n e  to mid-August, in  the Buchan and Shetland areas. T he correi; 
m ultiplied by 10 and  negative correlations are indicated by a bar.
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T a b le  165

Group
Buchan

Ci c 2 c 3 C4 Group
Shetland 

C x C2 C3 c 4

A ....................... 0-62*** 0-47 -0-27 -0-12 D ...................... . . . . -0-76*** 0-96*** -0-06 0-04
B ........................ __  0-89*** -0-13 -0-10 0-14 E ....................... 0-55* 0-09 0-22 0-14
C ....................... 0-75*** -0-78*** -0-19 -0-20 F ........................ 0-89*** -0-78*** -0-31 0-12

*** p  <  0-001 ** p  <  0-01 * p  <  0-02

p r in c ip a l com ponen ts o f  the p la n k to n  from  th e  two 
areas.

As a  m easu re  o f th e  effects o f v e rtica l m ix ing , C raig  
(1960) u sed  the  ra te  o f  increase o f surface te m p e ra tu re  
d u rin g  th e  early  su m m er ( T I ) , m easu red  by  the  
fu n c tio n  (“ C ra ig ’s d ifference” ) : T I  =  (A my +  A Jn + 
A.jy)13 — A m w here  A my, A j n, A j y a n d  A m a re  the  
te m p e ra tu re  anom alies for M ay , Ju n e ,  J u ly ,  an d  
M a rc h  respectively .

V ario u s functions o f te m p era tu re , sa lin ity  a n d  sun ­
lig h t a re  co m p ared  w ith  the  first fou r com ponen ts o f 
th e  p la n k to n  a t  B uchan  an d  S h e tla n d  in  T a b le  166.

F o r  th e  B u ch an  a re a , com ponen t 1, ac co u n tin g  for 
th e  la rg e s t p a r t  o f  th e  variance , w as m ost h igh ly  
co rre la ted  (p <  0-05) w ith  C ra ig ’s d ifference ( T I ) .  
T h is  m a y  be in te rp re te d  as m e an in g  th a t,  w hen  T I  
v alues w ere  h igh , th e re  w as ea rly  s tab iliza tio n  o f the  
w a te r  co lu m n  a n d  consequen tly  a n  ea rly  sp rin g  in ­
crease in  th e  p h y to p la n k to n  cycle. T h is  le d  to  h igh  
average a b u n d a n c e  o f  Z ooplankton w ith in  th e  12-week 
p eriod . C onversely , w hen  stab iliza tion  w as la te  (low 
T I  values) then  Z ooplankton n u m b ers  w ere  low  w ith in  
th e  12-week season.

N o co rre la tio n  was found  betw een  th e  o th e r  chosen 
functions o f  te m p e ra tu re  an d  sa lin ity  a lth o u g h  B a in ­
b rid g e  a n d  F o rsy th  (1972), in  th e ir  p rev ious review  
o f these d a ta  (up  to  1966) d id  find  a  sign ifican t co r­
re la tio n  (p <  0-01) betw een  th e  su m m er te m p e ra tu re  
anom alies a t  B uchan  a n d  Cx.

A t S h e tla n d , th e  only  significant co rre la tio n  found

w as betw een  th e  su m m er te m p e ra tu re  an o m aly  an d  
C 2. In  years o f h ig h  surface tem p era tu re s , th e  neritic 
g roup  o f p la n k to n  en titie s ten d ed  to  b e  m o re  a b u n d a n t 
as th is g roup  a t  S h e tla n d  w as also sign ifican tly  co r­
re la ted  w ith  C ,.

D ISC U SSIO N

G lover (1957) considered  th e  p e rio d  1947 to  1955, 
W illiam son  (1961) used d a ta  from  1949 to  1959, an d  
B a inb ridge  a n d  F o rsy th  (1972) w ere  ab le  to  in c o r­
p o ra te  d a ta  from  1948 to  1966. C o nsidera tion  o f the  
results, a fte r  a d d in g  th e  in te rv en in g  years u p  to  an d  
in c lu d in g  1974, confirm s b ro ad ly  th e  findings o f the  
ea rlie r  w orkers. F o r  B uchan , the  p la n k to n  associations 
they  found  a re  sim ilar to  those described  in  this p ap e r. 
T h e y  h a d  concluded  th a t  th e  a n n u a l fluc tua tions in  
a b u n d a n c e  a n d  d is trib u tio n  o f th e  p la n k to n  in  th e  
B uchan  a re a  w ere re la ted  to th e  degree o f v e rtica l 
m ix ing  o f th e  w a te r  co lum n in  th e  sp ring  a n d  to  th e  
m easu re  o f  A tla n tic  inflow  d u rin g  th e  sum m er. T h e  
la titu d in a l d is trib u tio n  o f the  h e rr in g  stock w as also 
re la ted  to  th e  s tren g th  o f  A tla n tic  in fluence in  th e  
n o rth w este rn  N o rth  S ea, w h ich  m ig h t b e  in d ic a ted  
b y  th e  sa lin ity  an o m aly  in  M ay -A u g u st. A t S h etlan d  
th e re  a re  d iffe ren t g roups o f species, a n d  only  G roup  
D , th e  neritic g roup , bears m u c h  s im ila rity  to  th e  
neritic G ro u p  A  o f th e  B uchan  a re a . O f  th e  p rin c ip a l 
com ponen ts o f  the  S h e tla n d  p la n k to n , on ly  C x an d  C 2 
could  b e  show n to h av e  a n y  co rre la tio n  w ith  th e

T a b le  166

Buchan
C i c 2 c 3 c 4

Shetland 
Cr C 2 c 3 c 4

C raig’s
difference........... 0-39* -0-18 -0-10 -0-16

Craig’s
difference........... 0-11 0-10 0-44 -0-18

T em p, anom aly 
M a r-M a y .......... 0 0-15 -0-16 -0-09

T em p, anom aly 
M a r-M a y .......... -0-29 0-39 -0-32 -0-01

T em p, anom aly 
M ay -A u g ........... 0-14 0-16 -0-30 -0-24

Tem p, anomaly 
M ay -A u g .......... -0-31 0-57** 0-21 -0-14

Salinity anom aly 
M ay -A u g ........... -0-14 -0-12 -0-07 -0-12

Hours sunshine 
Lerwick

Apr—J u n ............ -0-24 0-29 -0-12 -0-14

* p  < 0-05 ** p  < 0-02

2 6 *



404 V. Bainbridge -  D. G. T. Forsyth -  D .W . Canning

p la n k to n  groups, a n d  even these com ponen ts show ed 
little  o r  n o  co rre la tion  w ith  th e  various p a ra m e te rs  
o f  th e  physica l env ironm en t considered in  th is study .

I n  th e ir  p ap e r, B a inb ridge  a n d  F orsy th  (1972) co n ­
c lu d ed  th a t  th e re  was little  d o u b t th a t  one o f  the  
fac to rs govern ing  th e  d is trib u tio n  of th e  h e rr in g  was 
th e  d is tr ib u tio n  o f  Calanus finmarchicus a n d  Spiratella 
retroversa, th e  ch ief food organism s o f th e  h e rrin g . 
T o g e th e r  th e y  form  th e  bu lk  o f th e  b iom ass o f p la n k to n  
in  th e  a reas  u n d e r  review . In  all th e  years since 1966, 
b o th  these  organism s h av e  been  less a b u n d a n t th a n  
th e  lo n g -te rm  m ean  in  b o th  areas, a n d  d u r in g  this 
p e rio d  th e re  has been  no  evidence o f  th e  re tu rn  of 
th e  n ow  “ ex tin c t”  B uchan  fishery a n d  th e re  has been  
a  s te ad y  dec line  in  the  yield  o f the  S h e tla n d  fishery 
a p a r t  from  a  s ligh t resu rgence in  1972.
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