
, hor's ,com plim ents

1 6 1 8 4

CONSEIL PERM ANENT INTERNATIONAL POUR 
L’EXPLORATION DE L A  MER

E X T E A I T
DU

RAPPORTS ET PROCÈS-VERBAUX, VOL. C, 1936

Instituut voor onteioek 
ItsíHü'o fer i w * u - - . a :x  l'îsofl.di

Prinses l  ms •belhLê.n 
6401 B redene -  Belgium  -1 el. 059 / 80 37 15

'  y  y) y t û yc y \ y.

4 3 = *
Vlaams Instituut vaar &  Zee
P landm  M uing ZrutfM»



-  7

Eigendom vor. h e t  
V, e s 'v ícam s Ekonomisch 
Brugge Reeks

Stud 
( I I I , 2 ) b 3

2 .

The Importance of certain Plankton Anim als as Indicators of Water 
M ovements in the Western End of the English Channel.

By

F. S. R u s s e l l ,

N a tu ra lis t a t  the P ly m o u th  L ab o ra to ry  of th e  M arine Biological Association.

The use of p lan k to n  an im als as in d ica to rs  of w ate r 
m asses has been one of th e  a im s of p lan k to n  

research  fo r m a n y  years. R ecen tly  som e of th e  an im als 
w hich can  be used  to  show  th e  d is tr ib u tio n  of w ate r 
m asses a t  th e  w estern  end  of th e  E ng lish  C hannel 
h ave  been determ ined .

A  s tu d y  of th e  S a g itta  po p u la tio n  off P ly m o u th  
show s th a t  tw o species, S . elegans an d  S . setosa, m ay  
be found . A t tim es  these  species occur to g e th e r, w hile 
a t  tim es  e ith e r one or th e  o th e r species a lone is 
p resen t. I t  h as now  been estab lished  th a t  th ese  differ­
ences observed  off P ly m o u th  are because th e  tw o 
species of S a g itta  a re  ch a rac te ris tic  of tw o d is tin c t 
w a te r  m asses.

T he period ic  changes in  th e  S a g itta  p o pu la tion  from  
th e  y ea r 1930 to  th e  beginning of 1935 a re  show n in 
F ig u re  1. T he full d e ta ils  regard ing  th is  w ork  have  
been pub lished  ( R u s s e l l ,  1935, b). T he d iag ram s 
show  clearly  t h a t  th e  y ea r 1930 w as ch arac te rised  by  
th e  p redom inance  of S . elegans, an d  th a t  th is  species 
co n tinued  to  m ake  u p  a large percen tag e  of th e  
ca tches u n til S ep tem ber, 1931, w hen S . setosa s ta r te d  
to  p red o m in a te . T his dom inance of S . setosa h as  
co n tin u ed  up  to  th e  end  of 1935, excep t for occasional 
sm all incursions of S . elegans. F ro m  ex am in a tio n  of 
m a te ria l from  th e  so u th  of Ire la n d  an d  off th e  m o u th  
of th e  C hannel, k in d ly  supp lied  b y  Mr. G. P . F a r r a h  
a n d  D r. J .  L e  G a l l ,  i t  w as ev id en t th a t  S . elegans 
w as ch a rac te ris tic  off th e  m o u th  of th e  C hannel an d  
th a t  th e  presence of th is  species off P ly m o u th  in  1930 
a n d  1931 w as due  to  a la rge  ex tension  of th is  w a te r 
in to  th e  C hannel. T his - received fu r th e r  su p p o r t from  
com parison  w ith  d a ta  o b ta in ed  by D r, J .  N . C a r -  
r u t h e r s  on th e  d rif t  of w a te r th ro u g h  th e  S tra its  of 
D over. I t  w as show n ( C a r r u t h e r s ,  1934) th a t  du ring  
1930 an d  u n ti l A ugust, 1931, th e  d irec tion  of flow 
h ad  a  s tro n g  e a s te rly  com ponen t. T his cond ition  th e n  
b roke  dow n synchronously  w ith  th e  p redom inance  of 
S . setosa off P ly m o u th , w hich species has co n tinued  
to  p redom ina te .

T he occurrence o r absence  of S . elegans off P ly m o u th  
show ed also an  ag reem en t w ith  th e  occurrence or 
absence of dense p a tch e s  of p h y to p la n k to n  in  th e  
so u th e rn  N o rth  Sea ( S a v a g e  a n d  H a r d y ,  1935). W hen  
S . elegans p red o m in a ted  off P ly m o u th  th e  d ia to m  
pa tch e s  w ere sligh t, b u t th e  presence of S . setosa off 
P ly m o u th  co incided w ith  heav y  d ia to m  o u tb u rs ts  in 
th e  so u th e rn  N o rth  Sea.

T he above in fo rm atio n  suggested  th a t  th e  changes 
in  th e  S a g itta  p o p u la tio n  off P ly m o u th  w ere d ep en d en t 
on  th e  s tre n g th  of flow of A tlan tic  wra te r  in to  th e  
N o rth  Sea from  th e  n o rth , S . elegans occurring  off 
P ly m o u th  w hen  th a t  flow w as sligh t (Fig. 2). T his 
agrees w ith  C a r r u t h e r s ’ th eo ry  th a t  “th e  D over 
S tra its  c u rre n t w axes an d  w anes th ro u g h  th e  y ea r in 
a  so r t of buffer re la tionsh ip  w ith  th e  c u rre n t from  
th e  n o r th ”  ( C a r r u t h e r s ,  1934).

A n ex am in a tio n  of th e  p lan k to n  ca tches ta k e n  since 
1930 a t  P ly m o u th  show ed th a t  a  n u m b er of o th e r 
species w ere found  to  be associa ted  w ith  S . elegans, 
a n d  th a t  a t  tim es th e re  w ere o th e r an im als w hich are  
p ro b a b ly  ch a rac te ris tic  of A tlan tic  w a te r  com ing from  
th e  so u th  w est p a s t U sh a n t or of a  m ore so u th erly  
d is tr ib u tio n  th a n  th a t  in  w hich S . elegans no rm ally  
lives. I t  rem ained  to  p rove  th a t  th e  d is tr ib u tio n  of 
th e  w a te r m asses a t  th e  C hannel m o u th  could  be 
c learly  show n by  an  ex am in a tio n  of p lan k to n  catches. 
In  Ju ly , 1935, th ro u g h  th e  k indness of Coi. E . T. P e e l  
a cru ise  w as m ade  in  h is y a c h t “S t. G eorge” off th e  
m o u th  of th e  C hannel. T he fu ll re su lts  of th is  cru ise 
h av e  been pub lished  ( R u s s e l l ,  1936, a). T he general 
d is tr ib u tio n  of th e  w a te r m asses as in fe rred  from  th e  
p la n k to n  is show n in  F ig u re  3. T he w a te r in  w hich 
S . elegans an d  its  associa ted  fau n a  lived  w as d is tin c tly  
m a rk ed  off from  C hannel w ate r, an d  a  to n g u e  of w ate r 
ex ten d in g  u p  p a s t  U sh an t w as also in d ica ted  b y  a 
d ifferen t p lan k to n  co n ten t. T he differences in  th e  
p lan k to n  com position  of th e  th ree  ty p es  of w a te r were 
im m ed ia te ly  ev id en t as soon as th e  ca tches cam e on 
board . A s a  re su lt i t  is safe to  assum e th a t  a  s tu d y
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Fig. 1. Above, curves showing th e  ac tu a l abundance  of S . elegans ( ----------  ) and  S. setosa ( ................ ) in half-hour
oblique hauls w ith  th e  2-m etre rin g -traw l m ade usually  a t  weekly in te rvals during  th e  period F ebruary , 1930, to

F eb ru ary , 1935. (The num bers are in thousands).
Below, th e  percen tage com position of th e  S ag itta  popu lations during  th e  sam e p erio d ; S . elegans, b lack ; S . setosa, white. 
A t th e  top  of th e  diagram s th e  arrow s ind ica te  th e  m ean d irection  (true) of flow of w a ter th ro u g h  th e  S tra its  of 
D over for each m on th  as in d ica ted  b y  th e  C arru th e rs’ C urren t M eter w orking from  th e  Varne L ightship . (A fter

R u s s e l l , 1 9 3 5 , b ,  Figs. 1 & 2 ).
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Fig. 2. C hart show ing th e  hypo th e tica l centre  of d is tri­
b u tio n  of Sagitta  setosa in th e  N orth  Sea an d  English 
Channel (unbroken  line boundaries) a n d  th e  change in 
d istrib u tio n  effected by  an  increase of flow of w a ter from  
th e  n o rth  into th e  N o rth  Sea (broken line boundaries).

(A fter R u s s e l l , 1935, b ,  Fig. 6) .

of th e  d is tr ib u tio n  of c e rta in  p lan k to n  an im als will 
p rove  a  va luab le  p rac tica l a id  in  hyd rog raph ica l w ork 
on  th e  w a te r m ovem ents a t  th e  w estern  end  of th e  
C hannel.

T he sa lin ity  changes in  th e  m o u th  of th e  C hannel 
h ave  been  show n b y  H a r v e y  (1 9 3 4 )  to  agree generally  
w ith  th e  cond itions of flow th ro u g h  th e  D over S tra its . 
I n  th is  re sp ec t i t  is possible t h a t  ev en tu a lly  th e  
p la n k to n  in d ica to rs  m ay  be fo u n d  to  be associa ted  
w ith  ce rta in  isohalines, b u t th e y  have  th e  ad d ed  value 
th a t  th e y  a d d  defin ition  to  th e  p ic tu re  b y  show ing 
up  c lea rly  th e  d ifferen t bodies of w ater.

T he in d ica to rs  of use fo r th is  pu rpose  a re  given 
below :

A t l a n t i c  “elegans” w a te r .  T he m edusa A glantha  
rosea a n d  Cosmetira 'pilosella (in sum m er only), th e  
siphonophore  Stephanom ia  bijuga, Sagitta  elegans an d  
Sagitta  serratodentata  (in yea rs  of s tro n g  flow in to  th e  
C hannel), th e  am p h ip o d  Them isto gracilipes, th e  
p te ro p o d  Clione, an d  E u p h au s ian  a d u lts  an d  la rv ae  
(w hen occurring  in  large  num bers). T his p la n k to n  
a p p ea rs  to  be v e ry  rich  in  q u a n ti ty  a n d  is of a  high 
f a t  co n ten t.

C h a n n e l  w a t e r .  P ro b ab ly  th e  only  tru e  in d ica to r 
is Sag itta  setosa w hen  p resen t. T he w a te r  is also

cha rac te rised  b y  a n  absence of th e  elegans ind ica to rs, 
a n d  b y  a  p oo r p lan k to n  co n ten t.

? W a t e r  s o u t h  o f  “elegans”  w a te r .  T he m edusa 
L iriope, th e  S iphonophore  M uggiaea, ? N octiluca, 
S alps a n d  D oliolids. T he in d ica to rs  of th is  w a te r need 
to  be  w orked  o u t in  m ore deta il.

T he d is tr ib u tio n  of th e  w a te r  m asses as show n by 
th e  p la n k to n  in  Ju ly , 1935, (F igure  3) agrees well 
w ith  w h a t m ig h t be expec ted  a t  c e rta in  tim es  from  
o u r know ledge of th e  h y d ro g rap h y  of th is  region. 
T here  is a h igh  p ro b ab ility  th a t  th e  elegans w a te r  is 
th a t  w hich is know n to  be  in  cyclonic c ircu la tion  off 
th e  so u th  of Ire lan d  (M a t t h e w s , 1914; L u m b y , 1925; 
a n d  H a r v e y , 1930). A  m ore d e ta iled  ex am in a tio n  of 
th e  size of th e  S a g itta  has also show n th e ir  va lue  in 
in d ica tin g  th e  m o v em en ts  of w a te r  in  th e  Scillies— 
L a n d ’s E n d  region, as i t  ap p ea rs  th a t  young  S . elegans 
m ay  d rif t  off in  th é  su rface  layers from  elegans w a te r 
( R u s s e l l , 1936, a).

T he changes in  th e  S a g itta  po p u la tio n  off P ly m o u th  
h av e  fu r th e r  show n rem ark ab le  ag reem en t w ith  fluc­
tu a tio n s  in  th e  w in te r m ax im a of p h o sp h a te  p resen t 
in  th e  w ate r. T he y ea rs  in  w hich S . setosa, ind ica ting  
C hannel w ate r, p red o m in a te  h av e  been charac te rised  
b y  low w in te r p h o sp h a te  values, an d  i t  appears  
p ro b ab le  t h a t  th e  S .  elegans w ater, en riched  by 
upw elling a long  th e  A tlan tic  slope, m ay  have 
im p o rta n t effects w hen  i t  e n te rs  th e  C hannel. A gree­
m en t has a t  a n y  ra te  been  show n betw een  th e  p h o s­
p h a te  values a n d  th e  ab u n d an ce  of young  fish off 
P ly m o u th  ( R u s s e l l , 1935, a , a n d  1936, b), a n d  th e re  
is th e  p o ss ib ility  th a t  m ovem en ts  of he rrin g  a n d  o th e r  
fish m ay  be lin k ed  w ith  these  w a te r changes in  th e  
fu tu re .

T he para lle l be tw een  th e  w in te r m ax im um  of phos­
p h a te  an d  th e  n u m b er of young  fish in  th e  follow ing 
y e a r  is w o rth  em phasizing . T he a c tu a l figures are  
g iven  below  (from  R u s s e l l , 1936, b). T he ta b le  show s 
th e  percen tag e  dev ia tio n  of th e  w in te r m ax im um  each 
y ea r from  th e  m ean p h o sp h a te  c o n te n t a t  E l  for th e  
w in te rs  1923— 24 to  1934— 35, a n d  th e  num bers  of 
th e  young  of sum m er-spaw ning  fish cau g h t in  half- 
h ou r oblique hau ls w ith  th e  2 -m etre  s tra m in  ring- 
tra w l expressed  as th e  sum s of th e  m o n th ly  average 
catches. T he p h o sp h a te  values have  been de te rm ined  
b y  D r. W . R . G. A t k i n s  a n d  D r. L . H . N . C o o p e r .

Phosphate
Winter °/0 deviation Year Young fish

from mean
1923— 24 + 2 0 1924 696
1924— 25 +  2 1925 140
1925— 26 + 2 9 1926 909
1926— 27 —  3 1927 170
1927— 28 + 1 7 1928 (no records)
1928— 29 + 1 7 1929 321
1929— 30 (no records) 1930 403
1930— 31 —  6 1931 230
1931— 32 — 21 1932 197
1932— 33 —  9 1933 117
1933— 34 — 18 1934 79
1934— 35 — 26 1935 37
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Fig. 3 . D istribu tion  of w a ter m asses in  English  Channel m ou th  region as in ferred  from  collections of p lan k to n  m ade 
on Coi. P e e l ’s y ach t "S t. George” , Ju ly  1 9 3 5 . (A fter R u s s e l l , 1 9 3 6 , a, Fig. 6 ). The area  show n b y  dots or dashes is th a t  

in which a m ix tu re  of sm all ind iv iduals of S . elegans w ith  S. setosa was found.

T he on ly  anom aly  in  th is  series of o b serva tions is 
th e  y ea r 1932, w hen th e  young  fish figure m ig h t have  
been expec ted  to  have  been lower.

T he w in te r 1929— 30 w hen th e re  w ere no p h o sp h a te  
reco rds w as m ark ed  by  th e  presence of S . elegans 
w a te r  off P ly m o u th ; if th e  prem ises be co rrec t th e re  
shou ld  th e re fo re  hav e  been a  h igh  p h o sp h a te  co n ten t 
w hich  w ould  be  in  ag reem en t w ith  th e  large n um ber 
of young  fish in  1930.
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