
In
te

rn
a
tio

n
a
l 

C
o
u
n
cil 

fo
r 

th
e 

C
.M

. 
1976/L

sI
E

x
p
lo

ra
tio

n
 
o
f 

th
e 

S
ea 

A
d
m

in
istrativ

e 
R

ep
o
rt

PLA
N

K
TO

N
 

CO
M

M
ITTEE

by

G
. 

H
em

pel 

1975

B
elgium

(R
o 

de 
C

lerck
 

& L
. 

B
e 

C
o
n
in

ck
)

T
he 

stu
d
y
 

on 
th

e 
d

istrib
u

tio
n
 
in
 

sp
ace 

and 
th

e 
e
v

o
lu

tio
n
 
in
 

tim
e 

o
f 

so
le 

eg
g
s 

and 
la

rv
a
e
 

w
as 

co
n

tin
u

ed
 

d
u

rin
g
 1

9
7
5

«

T
he 

d
e
n
sitie

s 
o
f 

th
e 

so
le 

eggs 
and 

la
rv

a
e 

alo
n
g
 
th

e 
B

elg
ian

 
c
o
a
st 

w
ere 

d
eterm

in
ed
 

by m
eans 

o
f 

th
e
 B

u
tch

 
ty

p
e 

G
u

ii 
S

am
p
ler 

on 
47 

sta
tio

n
s. 

T
he 

sam
p
lin

g
 
to

o
k
 
p

la
c
e 

from
 

M
arch 

till 
Ju

n
e 

on 
a 

fo
rtn

ig
h

tly
 
b
a
sis.

It 
can

 be 
assum

ed 
th

a
t 

th
e 

re
c
ru

itm
e
n

t 
o
f 

th
e 

y
ear 

c
la

ss 
1975 

w
ill 

n
o
t 

e
n
larg

e 
c
o

n
sid

e
rab

ly
 
th

e 
sto

ck
 

siz
e
 

o
f 

th
e 

S
o
u
th

ern
 B

ig
h
t 

so
le 

p
o
p
u
la

tio
n
, 

as 
th

e 
reco

rd
ed
 
d
e
n
sitie

s 
in

d
ic

a
te

d
 

a 
p
o
o
r y

e
a
r 

c
la

ss.

C
anada 

(T
. 

P
la

tt)

W
ork 

h
as 

co
n

tin
u

ed
 

on 
th

e
 
re

la
tio

n
sh

ip
 

b
etw

een
 
p

a
tc

h
in

ess 
in
 
th

e 
p
lan

k
to

n
 

and 
th

e 
p

h
y

sica
l 

stru
c
tu

re
 

o
f 

th
e 

en
v

iro
n

m
en

t. 
A 

th
e
o
re

tic
a
l 

form
 
h

as 
b
een

 
p
ro

­
p
o
sed

 
fo

r 
th

e 
v
a
ria

n
c
e 

sp
ectru

m
 
o
f 

c
h
lo

ro
p
h
y
ll 

in
 
th

e 
m

ixed 
la

y
e
r 

o
f 

th
e 

o
cean

. 
T

he 
c
ritic

a
l 

p
aram

eters 
are 

th
e 

n
e
t 

ra
te
 

o
f 

re
p
ro

d
u
c
tio

n
 
o
f 

p
h

y
to

p
lan

k
to

n
 

and 
ra

te
 

o
f 

d
issip

a
tio

n
 
o
f 

tu
rb

u
le

n
ce

. 
In
 
th

e 
ran

g
e 

o
f 

le
n

g
th

-sc
a
le

s 
from

 
1 

km
 
to
 

100 km
, 

th
e 

v
a
ria

n
c
e 

o
f 

c
h

lo
ro

p
h

y
ll 

sh
o

u
ld
 
v

ary
 
in

v
e
rse

ly
 
as 

th
e 

w
avenum

ber. 
A
 

tech
n

iq
u

e 
h
as 

b
een

 
p
ro

p
o
sed

 
fo

r 
iso

la
tin

g
 
th

e 
p
o
rtio

n
 
o
f 

c
h

lo
ro

p
h

y
ll 

v
a
ria

n
c
e 

n
o
t 

c
o
rre

la
te

d
 w

ith
 
tem

p
eratu

re. 
S

ev
eral 

su
ch
 re

sid
u

a
l 

sp
e
c
tra

 h
av

e 
b

een
 
c
a
lc

u
la

te
d
 
fo

r 
d

a
ta
 

from
 
th

e 
G

u
ii 

o
f 

S
t 

L
aw

rence 
w

h
ich 

are 
c
o
n
siste

n
t 

w
ith

 
th

e 
th

e
o
re

tic
a
l 

sp
ectru

m
.

B
u

rin
g
 A

ugust 
1975? 

a m
ajo

r 
c
ru

ise
 

w
as 

m
ade 

in
 
th

e 
re

g
io

n
 n

e
a
r 

Y
arm

outh,
N

ova 
S

c
o

tia
 
to
 

stu
d
y
 
th

e 
sp

a
tia

l 
d
istrib

u
tio

n
 
o
f 

p
h
y
to

p
lan

k
to

n
 
in
 

an 
u
p
w

ellin
g
 
re

g
io

n
. 

Low
 

tem
p
eratu

re 
su

rfac
e
 w

aters 
w

h
ich

 
o

ccu
r 

in
 
th

is 
reg

io
n

 
d
u
rin

g
 m

ost 
sum

m
ers 

a
re 

b
e
liev

e
d
 
to
 
re

su
lt 

from
 u

p
w

ellin
g
 

in
d
u
ced

 
by 

e
ith

e
r 

w
in

d
s 

o
r 

tid
e
s. 

Tw
o 

sh
ip

s, 
one 

em
p
lo

y
in

g
 
a 

tow
ed 

pum
p 

and 
th

e
 
o
th

e
r 

a 
B

a
tfish

 w
ith

 
an

in
 
s
itu

 
flu

o
ro

m
e
te

r, 
m

apped 
o

u
t 

th
e 

sp
a
tia

l 
stru

c
tu

re
 

o
f 

c
h
lo

ro
p
h
y
ll 

in
 
th

e
 
re

g
io

n
. 

O
ne 

60 km
 
tra

n
se

c
t 

w
as 

co
m

p
leted

 w
ith

 
th

e 
B

a
tfish

 
fiv

e
 

tim
es 

in
 
a 

1
0

-d
ay
 
p
e
rio

d
. 

A
t 

th
e 

sam
e 

tim
e 

an
 
a
irb

o
rn

e
 

program
m

e 
w

as 
c
a
rrie

d
 

o
u
t 

to
 
m

easure 
th

e 
su

rfa
c
e
 
c
h
lo

ro
p
h
y
ll 

c
o

n
ce

n
tra

tio
n
 
rem

o
tely

 by 
a v

a
rie

ty
 
o
f 

in
stru

m
e
n
ta

l 
te

c
h
n
iq

u
e
s. 

T
he 

re
s
u

lts 
o
f 

th
is 

ex
p
erim

en
t w

ill 
p
ro

v
id

e 
a 

d
e
sc

rip
tio

n
 
o
f 

th
e 

v
a
ria

b
ility

 
o
f 

a 
la

rg
e
 
ran

g
e 

o
f 

sc
a
le

s 
o
f 

sp
a
tia

l 
v
a
ria

b
ility

 and 
sh

o
u

ld
 g

iv
e 

a good 
b
ase 

from
 w

h
ich fu

rth
e
r 

d
ev

elo
p
m

en
t 

o
f 

au
to

m
atic 

p
lan

k
to

n
 

su
rv

ey
 
in

stru
m

e
n
ts 

can
 

be 
m

ade.

A
n
aly

sis 
o
f 

zo
o

p
lan

k
to

n
 

sam
p
lin

g
 
d
a
ta
 w

as 
c
a
rrie

d
 

o
u

t 
to
 
d

eterm
in

e 
th

e 
sp

a
tia

l 
and 

tem
p
o
ral 

v
a
ria

b
ility

 
o
f 

zo
o
p
lan

k
to

n
 

sam
p

les 
c
o
lle

c
te

d
 

on 
fix

e
d
 

and 
random

 
sta

tio
n
s. 

T
he 

aim
 

o
f 

th
is 

w
ork 

Is 
to
 
m

easu
re 

th
e 

d
eg

ree 
o
f 

v
a
ria

b
ility

 
en

­
co

u
n

tered
 

by 
d

iffe
re

n
t 

sam
p
lin

g
 
m

eth
o
d
s, 

and 
to
 

d
ev

elo
p
 

tech
n

iq
u

es 
th

a
t 

re
q
u
ire

 
few

er 
sam

p
les 

to
 

be 
tak

en
 b

u
t 

a
t 

th
e 

sam
e 

tim
e 

p
ro

v
id

e 
th

e 
b
e
st 

p
o
ssib

le
 

e
stim

a
te
 

o
f 

th
e 

tru
e
 
p
o
p
u
la

tio
n
 m

eans 
o
f 

th
e 

d
iffe

re
n
t 

sp
e
cie

s 
o
f 

zo
o
p
lan

k
to

n
.



2

A
n 

in
v
e
stig

a
tio

n
 h

as 
b

een
 m

ade 
o
f 

th
e m

ath
em

atical 
re

p
re

se
n
ta

tio
n
 
o
f 

th
e 

re
la

tio
n

sh
ip
 

b
etw

een
 p

h
o

to
sy

n
th

e
sis 

and 
lig

h
t 

fo
r 

p
h
y
to

p
lan

k
to

n
 

(ex
clu

d
in

g
 

th
e 

lig
h
t-in

h
ib

itio
n
 reg

im
e). 

A
li 

th
e 

a
v
a
ila

b
le
 

m
odels 

in
 
th

e 
lite

ra
tu

re
 

h
av

e 
b

een
 re

p
ara

m
e
terised

 
fo

r 
ease 

o
f 

co
m

p
ariso

n
, 

and 
fitte

d
 
to
 
d

a
ta
 

from
 

188 
d
u
p
lic

a
te
 

ex
p

erim
en

ts 
m

ade 
on n

a
tu

ra
l 

p
h
y
to

p
lan

k
to

n
 p

o
p

u
latio

n
s 

from
 

th
e 

c
o

a
sta

l 
w

aters 
o
f 

N
ova 

S
c
o
tia

. 
T

h
is 

a
n

a
ly

sis 
g

av
e 

unam
biguous 

re
s
u

lts 
on 

th
e 

ch
o
ice 

o
f 

th
e 

m
ost 

c
o

n
siste

n
tly

 u
se

fu
l 

e
m

p
iric

al 
d

e
sc

rip
tio

n
 
o
f 

lig
h

t 
sa

tu
ra

tio
n
 
cu

rv
es 

fo
r 

c
o

a
sta

l 
p
o
p
u
la

tio
n
s « 

B
oth 

th
e 

in
itia

l 
slo

p
e 

o
f 

th
e 

cu
rv

e 
an

d 
th

e 
a
ssim

ila
tio

n
 num

ber v
a
rie

d
 

ab
o
u
t 

fiv
e
-fo

ld
 
th

ro
u

g
h

o
u

t 
th

e 
y
e
a
r. 

T
he 

d
istrib

u
tio

n
 
o
f 

th
e 

re
su

lts 
fo

r 
th

e 
in

itia
l 

slo
p
e 

h
as 

p
o
sitiv

e
 

sk
ew

n
ess, 

asy
m

p
to

tic 
to
 

a 
fig

u
re
 
th

a
t 

ag
reed

 
v

ery
 w

ell 
w

ith
 

an 
e
stim

ate
 

(b
ased

 
on 

quantum
 
e
ffic

ie
n
c
y
) 

o
f 

th
e 

p
h
y
sio

lo
g
ic

a
l 

m
axium

um
 
a
tta

in
a
b
le

 
v
a
lu

e
. 

T
he 

tim
e 

av
erag

e 
o
f 

th
e
se
 
fig

u
re

s 
in

d
ic

a
te

d
 
th

a
t 

on 
th

e 
av

erag
e 

th
e 

c
o

a
sta

l 
p
h
y
to

p
lan

k
to

n
 
are 

p
ro

d
u
cin

g
 
a
t 

o
n
ly
 

45 Í° o
f 

th
e 

m
axim

um
 
c
a
p
a
c
ity

.
T

he 
in

itia
l 

slo
p

e 
w

as 
show

n 
to
 

be 
in

d
ep

en
d

en
t 

o
f 

te
m

p
era

tu
re

, 
b
u
t 

c
o

rre
­

la
te

d
 w

ith
 
lig

h
t-h

isto
ry

 
o
f 

th
e 

c
e
lls

. 
O

n 
th

e 
o
th

e
r h

an
d
, 

th
e 

a
ssim

ila
tio

n
 

num
ber 

d
ep

en
d
s 

stro
n
g
ly
 

on 
te

m
p
era

tu
re

, 
b

u
t 

n
o
t 

on lig
h

t-h
isto

ry
. 

T
he 

in
itia

l 
slo

p
e 

and 
th

e 
a
ssim

ila
tio

n
 num

ber 
a
re 

c
o

rre
la

te
d
 w

ith
 

each
 
o
th

e
r, 

and 
th

e 
re

la
tio

n
sh

ip
 
is
 

in
d

ep
en

d
en

t 
o
f 

d
ep

th
. 

T
h
is 

w
o

rk
, 

w
h
ich 

is
 

c
o

n
tin

u
in

g
, 

sh
o

u
ld
 

im
prove 

o
u
r 

c
a
p
a
b
ility

 
fo

r 
p
re

d
ic

tin
g
 
p
h
y
to

p
lan

k
to

n
 p

ro
d
u
ctio

n
 
in

 
th

e 
fie

ld
.

F
u
rth

e
r 

re
se

a
rc

h
 h

as 
b
een

 
c
a
rrie

d
 

o
u

t 
on 

th
e 

m
etab

o
lism

 
o
f 

th
e 

c
o
a
sta

l 
zo

o
p

lan
k

to
n
 

com
m

unity in
 
re

la
tio

n
 
to
 

th
e 

k
in

d
s 

and 
am

ounts 
o
f 

p
a
rtic

u
la

te
 

m
a
tte

r 
a
v
a
ila

b
le
 

as 
fo

o
d

. 
P

a
rtic

u
la

r 
a
tte

n
tio

n
 h

as 
b
een

 g
iv

en
 
to
 

th
e 

d
istrib

u
tio

n
 
o
f 

d
ig

e
stiv

e
 

enzym
es 

in
 
th

e 
zo

o
p
lan

k
to

n
. 

A 
sig

n
ific

a
n

t 
re

g
re

ssio
n
 
co

u
ld
 
n
o
t 

be 
fo

u
n
d
 

b
etw

een
 
th

e 
re

sp
ira

to
ry

 
ra

te
 

o
f 

th
e 

an
im

als 
and 

an
y m

easu
re 

o
f 

p
o

te
n

tia
l 

fo
o
d
 

su
p

p
ly

, 
b

u
t 

th
e 

ra
te
 

o
f 

am
m

onia 
re

le
a
se

 
co

u
ld
 

be 
p
re

d
ic

te
d
 

from
 
th

e 
am

ounts 
o
f 

carb
o
n
 

and 
n
itro

g
e
n
 
in
 
th

e 
p
a
rti­

c
u
la

te
 
m

a
tte

r, 
and 

th
e
ir 

d
istrib

u
tio

n
 
in
 
th

e
 

form
 
o
f 

p
ro

te
in
 

and 
carb

o
­

h
y
d
ra

te
. 

S
im

ila
rly

, 
carb

o
h
y
d
ratases 

w
ere 

w
ell 

c
o

rre
la

te
d
 w

ith
 h

ig
h
 
le

v
e
ls 

o
f 

carb
o
h
y
d
rates 

in
 
th

e 
p
a
rtic

u
la

te
 
m

a
tte

r, 
and 

lik
ew

ise 
p

ro
te

in
a
se

s 
and 

p
ro

te
in

. 
P

ro
te

in
 w

as 
c
h
a
ra

c
te

ristic
 

o
f 

sp
rin

g
 
tim

e 
p

h
y

to
p

lan
k

to
n
 

com
m

uni­
tie

s
, 

b
u
t 

carb
o

h
y

d
rate 

ten
d
ed
 
to
 

d
o

m
in

ate 
a
t 

o
th

e
r 

seaso
n
s. 

P
a
rtic

le
 
siz

e
 

a
iso

 
seem

ed 
v

ery
 im

p
o

rtan
t 

in
 
c
o
n
tro

llin
g
 
zo

o
p
lan

k
to

n
 
p
ro

d
u
ctio

n
 

and 
th

e 
c
o
lla

p
se
 

o
f 

th
e 

p
o
p
u
la

tio
n
 
in
 
th

e 
fa

ll 
w

as 
n
o
t 

so 
m

uch b
ecau

se 
o
f 

low
 

p
a
rtic

le
 

c
o

n
ce

n
tra

tio
n
 
in

 g
e
n
e
ra

l, 
b
u
t 

due 
to
 

th
e 

ab
sen

ce 
o
f 

sm
a
lle

r 
p
h
y
to

­
p
lan

k
to

n
 
sp

e
c
ie

s. 
L

ab
o
rato

ry
 
fe

ed
in

g
 
stu

d
ie

s 
show

ed 
th

a
t 

m
ore 

o
f 

th
e 

n
e
ritic

 
zo

o
p
lan

k
to

n
 
sp

e
cie

s 
te

ste
d
 

co
u

ld
 m

ake 
u
se 

o
f 

m
em

bers 
o
f 

th
e 

d
in

o
fla

g
e
lla

te
 

g
en

u
s 

C
eratiu

m
 w

hich 
d
o
m

in
ates 

th
e 

fa
ll 

p
lan

k
to

n
 

com
m

unity 
in
 B

ed
fo

rd
 
B

asin
.

S
ev

eral 
sp

e
cie

s 
o
f 

tin
tin

n
id

s 
w

ere 
b
ro

u
g
h
t 

in
to
 
la

b
o
ra

to
ry
 
c
u
ltu

re
 

d
u

rin
g

 
th

e 
p

a
st 

y
ear 

and 
th

e
ir 

life
 

c
y
c
le

s 
c
la

rifie
d
. 

R
estin

g
 
sta

g
e
s w

ere 
en

co
un

­
te

re
d
 

and 
c
u
ltu

re
s 

re
-e

sta
b

lish
e
d
 

from
 

th
em

. 
C

e
rta

in
 
tin

tin
n

id
s
 
ap

p
ear 

to
 

be 
su

ita
b
le
 

fo
o
d
 
fo

r 
som

e 
n

e
ritic

 
co

p
ep

o
d
s.

A
 
c
ru

ise
 

w
as 

m
ade 

in
 

th
e 

G
u
lf 

o
f 

S
t 

L
aw

rence 
to
 

stu
d
y
 
th

e 
v
e
rtic

a
l 

m
ig

ra
tio

n
 

o
f 

eu
p
h
au

sid
s 

and 
co

n
tin

u
e 

th
e 

d
ev

elo
p

m
en

t 
o
f 

th
e 

120 kH
z 

so
n
ar 

as 
a 

q
u
a
n
tita

tiv
e
 

zo
o
p
lan

k
to

n
 
in

stru
m

e
n

t.

D
evelopm

ent w
ork w

as 
sta

rte
d
 

on 
a m

u
lti-n

e
t 

tu
c
k
e
r 

traw
l 

th
a
t 

w
ill 

tak
e 

zo
o­

p
lan

k
to

n
 

sam
p
les 

on 
com

m
and 

as 
w

e
ll 

as 
te

le
m

e
te

r 
d
a
ta
 

on 
d

ep
th

, 
flo

w
 
ra

te
, 

tem
p
eratu

re 
and 

lig
h
t 

in
te

n
sity

. 
T

he 
firs

t 
te

sts
 

o
f 

th
is 

n
e
t 

w
ill 

be 
m

ade 
e
a
rly

 
in
 
1
9
7
6

.



D
enm

ark

(Eo 
S

m
idt)

H
om

e w
aters

T
he 

B
a
ltic

o 
In
 
o
rd

e
r 

to
 

e
stim

a
te
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ria

tio
n
s 

g
éo

g
rap

h
iq

u
es 

in
fra

sp
é
c
ifiq

u
e
s 

chez 
le

s 
T

hécosom
es 

a
c
tu

e
ls 

e
t 

fo
ssile

so

b
) 

à 
1*éco

p
h

y
sio

lo
g

ie 
de 

la
 n

u
tritio

n
 

chez 
le

s 
C

opépodes 
(J. 

M
azza, 

J. 
A

rnaud,
M

o 
B

ru
n
et).

- 
étu

d
e 

ex
p

érim
en

tale 
du com

portem
ent 

a
lim

e
n
ta

ire
 
v

is-à
-v

is 
d
’alg

u
es 

(iso
lé

es ou 
en m

élan
g

e) 
e
t 

de 
n
a
u
p
lii 

d
’A

rtem
ia 

§ 
ra

tio
n
 
jo

u
rn

a
liè

re
 

e
t 

tau
x
 

de 
filtra

tio
n
!

- 
étu

d
e 

h
isto

lo
g
iq

u
e
 
e
t 

h
isto

ch
im

iq
u
e 

du 
tu

b
e 

d
ig

e
stif 

en m
icro

sco
p

ie 
p
h
o
to

n
ique 

e
t 

é
lec

tro
n
iq

u
e
? 

co
m

p
araiso

n
 
d
es 

stru
c
tu

re
s 

ch
ez 

d
iv

e
rse

s 
esp

èces 
ou 

d
es 

in
d
iv

id
u
s 

de 
m

êm
e 

esp
èce 

à 
d
iffé

re
n
ts 

é
ta

ts
.



G
erm

any, 
F

e
d
e
ra

l 
R

ep
u
b
lic 

o
f

(G
o 

H
em

pel)

Io 
In

s
titu

t 
fu

r M
eereskunde 

K
iel.

T
he 

d
ep

artm
en

ts 
o
f 

M
arine 

P
lan

k
to

n
 

and 
o
f F

ish
e
rie

s 
B

io
lo

g
y
 
c
a
rrie

d
 

o
u
t 

a 
p

lan
k

to
n
 
su

rv
ey
 
in
 
th

e 
u
p
w

ellin
g
 
a
re

a
 
o
ff 

S
p
an

ish
 

S
ah

ara 
in
 
Jan

u
ary

- 
F

eb
ru

ary
. 

RV 
"M

eteo
r" 

and R
SS 

"D
isco

v
ery

" 
sam

pled 
p
lan

k
to

n
 

o
f 

a
li 

siz
e

 
fra

c
tio

n
s 

alo
n
g
 
th

re
e
 

se
c
tio

n
s 

o
f 

ab
o
u
t 

90 
n.m

. 
in
 
le

n
g
th
 

n
o
rm

al 
to
 

th
e 

co
ast»
 

F
o

r m
acro

p
lan

k
to

n
 

and m
icro

n
ecto

n
 
th

e 
B

ritish
 RM

T 
8+1 w

ith
 

o
p

en
in

g
 

c
lo

sin
g
 
d
ev

ice 
w

as 
em

ployed 
a
t 

v
a
rio

u
s 

d
ep

th
 
la

y
e
rs 

dow
n 

to
 

ca» 
450 

m
.

B
ongo 

n
e
ts 

fo
r 

o
b
liq

u
e 

tow
s 

and 
th

e 
new

ly
 
d
ev

elo
p
ed
 
T

e
tra

-n
e
t 

(4 
b
ag

s 
o
f 

500, 
200, 

100 
and 

50 
m

icro
n
 m

esh 
siz

e
 

com
bined 

in
 

one 
fram

e) 
fo

r 
v
e
rtic

a
l 

h
au

ls 
w

ere 
u

sed
 
fo

r 
th

e 
stu

d
y
 

o
f 

ich
th

y
o
p
lan

k
to

n
 

and 
its

 
fo

o
d
 
in
 
th

e 
u
p
p
er 

200 
m» 

A 
to

ta
l 

o
f 

125 
h
au

ls 
w

as 
m

ade. 
O

n 
52 

sta
tio

n
s 

n
eu

sto
n
 w

as 
c
o

lle
c
te

d
 

as 
w

e
ll. 

T
he w

o
rk

in
g
 up 

o
f 

th
e 

ich
th

y
o
p
lan

k
to

n
 
c
o
lle

c
tio

n
s 

o
f 

p
rev

io
u
s 

e
x
p
e
d
itio

n
s 

in
 
th

e 
a
rea

 
b
etw

een
 G

ib
ra

lta
r 

and D
ak

ar w
as 

co
n

tin
u

ed
.

O
n 

th
e 

sam
e 

e
x
p
e
d
itio

n
 
sm

a
lle

r 
zo

o
p
lan

k
to

n
 w

as 
sam

pled
 

by 
th

e 
m

u
lti-n

e
t 

o
p
en

in
g
/ 

c
lo

sin
g
 
d
ev

ice » 
F

o
r 

a 
d
e
ta

ile
d
 

stu
d
y
 
o
f 

th
e 

co
m

p
o
sitio

n
 

o
f 

zo
o
- 

and 
p

h
y

to
­

p
lan

k
to

n
 
to

g
e
th

e
r w

ith
 
th

e 
abundance 

o
f d

e
tritu

s 
in
 
re

la
tio

n
 
to
 
p
h
y
sic

a
l 

and 
ch

em
ical 

p
aram

eters 
in
 
d

is
tin

c
t 

d
ep

th
 

zo
n
es 

above 
and below

 
th

e 
th

erm
o
clin

e, 
sam

p
les 

w
ere 

tak
en

 
by 

a 
la

rg
e
 
ro

se
tte

 
sam

p
ler w

ith
 

6 
b
o
ttle

s 
o
f 

100 
1 

each»
M

ost 
o
f 

th
e 

sam
pled 

volum
e 

w
as 

fra
c
tio

n
a
te

d
 

by 
filte

rin
g
o
 

L
iv

e 
C

opepoda 
and 

p
h
y
to

p
lan

k
to

n
 w

ere 
u

sed
 
fo

r 
feed

in
g
 
ex

p
erim

en
ts 

and 
fo

r 
sta

rtin
g
 
c
u
ltu

re
s. 

P
a
rtic

u
la

r 
a
tte

n
tio

n
 w

as 
g
iv

en
 
to
 

th
e 

m
ass 

c
o

lo
n

ies 
o
f 

T
h

a
la

ssio
sira

 p
a
rth

e
- 

n
a
ia
 w

h
ich 

is
 

th
e 

d
o
m

in
an

t 
form

 
in
 
c
e
rta

in
 
a
rea

s 
and 

p
h
ases 

o
f 

u
p

w
ellin

g
»

P
rim

ary
 
p
ro

d
u
ctio

n
 m

easu
rem

en
ts 

on 
th

is 
d

iato
m
 

as 
w

ell 
as 

on 
th

e 
to

ta
l 

p
h
y
to

­
p
lan

k
to

n
 w

ere 
c
a
rrie

d
 

o
u
t 

th
ro

u
g
h
o
u
t 

th
e 

c
ru

ise
. 

M
icro

b
io

lo
g

ists 
d
eterm

in
ed

 
th

e 
num

ber 
and 

b
io

lo
g
ic

a
l 

a
c
tiv

ity
 

o
f 

b
a
c
te

ria
 
a
t 

v
a
rio

u
s 

d
e
p

th
-la

y
e
rs 

com
­

p
arin

g
 
a
re

a
s 

o
f 

d
iffe

re
n
t 

u
p
w

ellin
g
 
a
c
tiv

ity
.

In
 
th

e 
N

o
rth

 
S

ea, 
ich

th
y
o
p
lan

k
to

n
 w

as 
c
o

lle
c
te

d
 
d
u
rin

g
 
th

re
e
 
c
ru

ise
s, 

m
ain

ly
 

fo
r 

c
o
lle

c
tin

g
 h

e
rrin

g
 
la

rv
a
e
 
in

 w
in

te
r 

and 
sp

rin
g
 
in
 
th

e 
S

o
u
th

ern
 

and 
G

erm
an 

B
ig

h
t 

and 
in
 

S
ep

tem
b

er 
in
 
th

e 
O

rk
n
ey

-S
h
etlan

d
 
re

g
io

n
. 

S
im

ilar 
su

rv
ey

s 
w

ere 
c
a
rrie

d
 
o
u
t 

in
 

th
e 

a
rea

 
o
f 

G
eorges 

B
an

k
-G

u
lf 

o
f 

M
arine, 

b
o
th
 
in
 
sp

rin
g
 

and 
in
 
th

e 
au

tu
m

n«

V
ario

u
s 

p
lan

k
to

n
 
stu

d
ie

s 
in
 
K

iel 
B

ig
h
t 

w
ere 

c
a
rrie

d
 
o
u
t, 

p
a
rtly

 
in
 
a
li 

y
e
a
r 

ro
u
n
d
 

program
m

es, 
e
g
o
 

co
v
erin

g
 
p

ro
d

u
c
tiv

ity
 m

easu
rem

en
ts 

and 
sam

p
lin

g
 

o
f 

p
h
y
to

p
lan

k
to

n
 

and 
sesto

n
 
o
ff 

B
o
k
n

is 
E

ck 
in
 
th

e 
K

iel 
B

ig
h
t. 

T
h
is 

lo
n
g
-term

 
sam

p
lin

g
 p

ro
je

c
t 

o
f 

P
ro

f. 
K

rey w
as 

p
a
rtly

 
d
isco

n
tin

u
e
d
 
a
t 

th
e
 

end 
o
f 

th
e 

y
e
a
r. 

Tw
o 

in
te

n
siv

e
 

sam
p
lin

g
 

schem
es 

are 
lo

c
a
te

d
 
a
t 

K
iel 

lig
h
th

o
u
se
 

an
a 

o
ff 

B
u
lk

, 
in
 
a
d
d
itio

n
 
n
u
trie

n
ts 

and 
p

h
y

sic
al 

p
aram

eters 
w

ere 
re

g
u
la

rly
 m

easu
red

 
alo

n
g

 
th

e 
6 

m
 lin

e
 
in
 
th

e 
K

iel 
B

ig
h
t. 

S
tu

d
ies 

o
f 

th
e 

e
u
tro

p
h
ic

a
tio

n
 
in

clu
d

ed
 
a
iso

 
m

o
n
th

ly
 m

easu
rem

en
ts 

o
f 

carb
o

n
, 

n
itro

g
e
n
, 

c
h
lo

ro
p
h
y
ll 

a, 
A

T
P, 

c
a
rb

o
h
y
d
ra

te
s, 

p
ro

te
in
 

and 
lip

id
s
. 

A
s 

in
 

1974? 
a 

se
t 

o
f 

p
la

stic
 

bag 
ex

p
erim

en
ts 

w
ere 

c
a
rrie

d
 

o
u
t 

in
 
Ju

ly
/A

u
g
u
st. 

R
eg

u
lar 

sam
p
lin

g
 

o
f 

ich
th

y
o
p
lan

k
to

n
 
in
 
th

e w
estern

 B
a
ltic

 
in

c
lu

d
in

g
 K

iel 
B

ig
h
t 

and 
B

ornholm
 
B

asin
 w

as 
co

n
tin

u
ed

 w
ith

 
sp

e
c
ia

l 
em

p
h
asis 

on 
th

e 
v

e
rtic

a
l 

d
istrib

u
tio

n
 

o
f 

eg
g

s 
o
f 

cod 
and 

sp
ra

t 
and 

o
f 

h
e
rrin

g
 
la

rv
a
e
.

T
he 

e
x

p
e
d

itio
n
 
B

a
ltic

 
'7

5
 

em
ployed 

se
v

e
ral 

re
se

a
rc

h
 v

e
sse

ls 
in

 A
p

ril/M
ay
 

1975 
in
 
th

e 
B

ornholm
 
B

asin
 fo

r 
stu

d
ie

s 
o
f 

p
h

y
sic

al 
and 

ch
em

ical 
o
cean

o
g
rap

h
y
 b

u
t 

a
iso

 
on 

th
e 

d
istrib

u
tio

n
 

and 
d

ev
elo

p
m

en
t 

o
f 

p
lan

k
to

n
 

co
m

m
u

nities 
and 

th
e
ir 

re
la

tio
n
 
to
 
p
h
y
sic

a
l 

and 
ch

em
ical 

p
aram

eters 
and 

sed
im

en
tatio

n
.

2
. 

B
io

lo
g

isch
e 

A
n
sta

lt 
H

elg
o
lan

d

R
o
u
tin

e 
in

v
e
stig

a
tio

n
s 

in
 m

easu
rin

g
 h

y
d
ro

g
ra

p
h
ic

a
l, 

ch
em

ical 
and 

b
io

lo
g
ic

a
l 

p
aram

eters 
a
t 

H
elg

o
lan

d
 R

oads 
w

ere 
co

n
tin

u
ed

. 
F

iv
e 

tim
es 

a w
eek 

tem
p
eratu

re, 
s
a
lin

ity
, 

n
u

trie
n

ts 
(P

O
^, 

N
0^, 

H
02

, 
S

i0
2

) 
c
h
lo

ro
p
h
y
ll, 

and 
p

h
y

to
p

lan
k

to
n



- 
7 

-

(in
v
e
rte

d
 m

icro
sco

p
e) 

w
ere 

m
easu

red
, 

F
u

rth
e
r w

eek
ly
 
d

e
term

in
atio

n
s 

w
ere 

m
ade 

o
f 

th
e 

b
a
c
te

ria
l 

num
bers 

(p
o

u
r 

p
la

te
 

m
ethod) 

in
 
th

e 
su

rfa
c
e 

film
 

and 
a
t 

a 
d
ep

th
 
o
f 

1 
m

, 
th

e 
BOD 

and 
th

e 
su

rfa
c
e 

te
n
sio

n
. 

T
he 

stu
d
ie

s 
on 

th
e 

d
istrib

u
tio

n
 

and 
eco

lo
g

y
 
o
f 

N
o

c
tilu

c
a m

ilia
ris 

w
ere 

co
n
tin

u
ed

.

T
h
is 

ro
u
tin

e
 

w
as 

acco
m

p
an

ied 
by 

som
e 

sm
a
lle

r 
c
ru

ise
s 

aro
u

n
d
 H

elg
o
lan

d
, 

by 
a 

th
re

e 
w

eek 
h
y
d
ro

g
ra

p
h
ic

a
l-p

la
n
k
to

lo
g
ic

a
l 

in
v

e
stig

a
tio

n
 
in
 
Ju

ly
 

in
 
th

e 
FLEX

 
a
re

a
, 

and 
by 

a 
sp

e
c
ia

l 
in

te
rn

a
tio

n
a
l 

th
re

e
 

w
eek 

e
x
p
e
d
itio

n
 
to

 
stu

d
y
 
th

e 
h
y
d
ro

carb
o
n
 
d
istrib

u
tio

n
 
in
 

th
e 

N
o
rth

 
S

ea 
and 

th
e 

m
icro

b
io

lo
g
ic

al 
co

n
seq

u
en

ces.

O
b
serv

atio
n
s 

o
f 

h
y
d
ro

g
rap

h
y
 
(t, 

S
) 

p
h

y
to

p
lan

k
to

n
, 

zo
o
p
lan

k
to

n
 

and 
(e

sp
e
c
ia

lly
 

co
p

ep
o

d
s 

and 
th

e
ir 

la
rv

a
l 

sta
g
e
s) 

and 
se

sto
n
 
co

m
p
o

sitio
n
 
as 

w
ell 

as 
n
u
trie

n
t 

m
easu

rem
en

ts 
w

ere 
co

n
tin

u
ed
 
in
 
th

e
 

W
addensea 

o
f 

S
y
lt,

T
he 

lo
n
g
-term

 
flu

c
tu

a
tio

n
s 

n
ear 

H
elg

o
lan

d
 w

ith
 
re

sp
e
c
t 

to
 
n
u
trie

n
ts, 

p
h

y
to

­
p

lan
k

to
n
 

and 
b
a
c
te

ria
 

and 
th

e 
n
u
trie

n
t 

situ
a
tio

n
 
in
 
th

e 
E

lb
e 

R
iv

er 
have 

b
een

 
in

v
e
stig

a
te

d
 

and 
su

b
m

itted
 

to
 

th
e 

IC
E

S 
N

o
rth

 
S

ea S
ym

posium
,

Ic
ela

n
d

(io
 

H
allg

rim
sso

n
)

Z
o
o
p
lan

k
to

n

Z
o
o
p
lan

k
to

n
 w

as 
sam

pled 
a
t 

5^8 
sta

tio
n

s 
d
u
rin

g
 

1975) 
m

o
stly

 
from

 M
arch 

to
 

A
u
g
u
st, 

T
he 

a
re

a
s 

su
rv

ey
ed

 w
ere 

th
e 

c
o
a
sta

l 
w

aters 
aro

u
n

d
 

IC
ELA

N
D
 

as 
w

ell 
as 

th
e 

n
o

rth
e
rn
 p

a
rt 

o
f 

th
e 

Irm
in

g
er 

S
ea 

and w
aters 

o
f 

th
e 

E
a
st- 

Ic
e
la

n
d

ic
 

C
u
rren

t,

T
he 

sam
p
lin

g
 w

as 
c
a
rrie

d
 

o
u
t w

ith
 

H
ensen n

e
t 

(50 
- 

0m
), 

Ic
e
la

n
d
ic
 

H
igh­

sp
eed

 
S

am
p

lers 
a
t 

th
re

e
 
d

iffe
re

n
t 

le
v

e
ls 

(5
} 

15 
and 

25 
m 

d
ep

th
s) 

and 
G

u
ii 

III 
sam

p
ler.

P
an

d
alu

s 
b
o
re

a
lis 

la
rv

ae
 

w
ere 

a
iso

 
sam

pled 
in
 
fjo

rd
s 

o
f 

th
e 

n
o
rth

w
est 

c
o
a
st 

in
 

tw
o 

su
rv

ey
s.

A
 
co

n
tin

u
o
u
s 

p
lan

k
to

n
 
su

rv
ey

 R
ey

k
jav

ik
-N

ew
fo

u
n
d
lan

d
 

and R
ey

k
jav

ik
 

S
u
ie

sk
e
rry

 w
as 

c
a
rrie

d
 

o
u
t 

as 
p
re

v
io

u
sly

 in
 
co

o
p
eratio

n
 w

ith
 
th

e 
O

cean
o
g
rap

h
ic 

L
ab

o
rato

ry
 E

d
in

b
u
rg

h
.

Ire
la

n
d

 

(F
, 

Ao 
G

ib
so

n
)

N
o 

w
ork 

to
 
re

p
o
rt 

fo
r 

1975»

N
eth

erlan
d
s 

(P
. 

K
orrin

g
a)

R
ijk

in
stitu

u
t 

v
o
o
r V

isseri,jo
n
d
erzo

ek

P
h
y
to

p
lan

k
to

n
 m

o
n
ito

rin
g
 
in
 

th
e 

D
utch

 
c
o

a
sta

l 
a
re

a
 h

as 
b

een
 
co

n
tin

u
ed
 
in
 
th

e 
y
ear 

1975° 
O

n 
th

e 
b
a
sis 

o
f 

th
is 

m
a
te

ria
l 

a 
sp

e
cie

s 
d

iv
e
rsity

 
in

d
ex
 

o
f 

th
e 

S
hannon w

eav
er 

ty
p

e 
w

as 
com

puted 
fo

r 
th

e 
tw

o 
p
red

o
m

in
an

t 
g
ro

u
p
s 

in
 
th

e 
p

h
y

to
­

p
lan

k
to

n
, 

v
iz

. 
d
iato

m
s 

and 
d

in
o

ila
g
e
lla

te
s

•

T
he 

re
s
u
lts 

w
ere 

com
pared w

ith
 
th

e 
ra

te
 

o
f 

d
ilu

tio
n
 

o
f 

N
o
rth

 S
ea w

ater 
cau

sed
 

by riv
e
r 

in
flu

x
, 

ex
p
ressed

 
in
 
s
a
lin

itie
s
. 

T
he 

fig
u

re
s 

o
b

tain
ed
 
c
le

a
rly

 
d

em
o

n
strate 

th
a
t 

lo
w

er 
s
a
lin

itie
s
 

d
id
 
n

o
t 

n
e
c
e
ssa

rily
 
le

a
d
 
to
 

a 
d

e
c
lin

e 
in
 
th

e 
d
iv

e
rsity

 in
d
ex

.



M
ass 

d
ev

elo
p
m

en
t 

o
f 

th
e 

d
in

o
ila

g
e
lla

te
 

P
ro

ro
cen

tru
m
 
re

d
fie

ld
i, 

te
n
ta

tiv
e
ly

 
a
sso

c
ia

te
d
 w

ith
 
sh

e
llfish

 
to

x
ic

ity
, 

w
as 

reco
rd

ed
 
in
 
th

e 
autum

n. 
U

p 
to

 
952 

000 
c
e
lls

/litre
 

o
f 

th
is 

sp
e
cie

s 
w

ere 
co

u
n

ted
, 

a m
an

ifo
ld
 

o
f 

th
a
t 

fo
u
n
d

 
in
 

S
ep

tem
b
er 

1974» 
P

ro
ro

cen
tru

m
 m

ican
s 

dad n
o
t 

reach
 m

ore 
th

an
 

2 
200 

c
e
lls

/ 
litre

. 
G

o
n

iau
lax

 
c
.f0 

sp
in

ife
ra

 w
as 

o
b
serv

ed
 
in
 

sm
all 

num
bers 

o
n
ly

, 
b
u
t 

o
f 

E
x

u
v

ie
lla 

ap
o
ra 

a m
axim

um
 num

ber 
o
f 

55 
000 

c
e
lls

/litre
 

h
as 

b
een

 
en

u
m

erated
.

A
s 

u
su

a
l, 

a fa
ir 

num
ber 

o
f 

p
lan

k
to

n
 

sam
ples 

w
as 

c
o

lle
c
te

d
 

and 
an

aly
sed

 
fo

r 
q
u
a
n
tita

tiv
e
 
stu

d
ie

s 
on 

h
e
rrin

g
 
la

rv
a
e
, 

on 
sh

rim
p
 
la

rv
a
e
 

alo
n
g
 
th

e 
D

utch
 
c
o
a
st 

and 
on 

eg
g
s 

and 
la

rv
ae
 

o
f 

so
le 

in
 

th
e 

W
adden 

S
ea. 

T
hese 

in
v
e
stig

a
tio

n
s 

w
ill 

be 
d
iscu

ssed
 
in
 

th
e 

re
p
o
rts 

o
f 

th
e 

re
le

v
a
n

t 
co

m
m

ittees.

N
ed

erlan
d
s 

In
stitu

u
t 

v
o
o
r 

O
nderzoek 

d
er 

Z
ee

S
am

ples 
c
o

lle
c
te

d
 
m

o
n

th
ly
 
in
 
th

e 
S

o
u
th

ern
 N

o
rth

 
S

ea 
in
 

1973 
and 

1974 w
ere 

an
aly

sed
. 

B
iom

ass 
e
stim

ate
s 

w
ere 

m
ade 

o
f 

60 
zo

o
p
lan

k
to

n
 
sp

e
c
ie

s, 
o
f 

w
h
ich 

th
e 

ealan
o
id
 

co
p

ep
o

d
s 

and 
arrow

w
orm

s 
w

ere 
d

istin
g

u
ish

e
d
 
as 

to
 

d
ev

elo
p
m

en
t 

stag
e
 

and 
le

n
g
th
 
c
la

ss. 
A

bout 
200 

p
h

y
to

p
lan

k
to

n
 
sp

e
cie

s 
w

ere 
co

u
n

ted
, 

size
d

 
and 

id
e
n
tifie

d
.

A
s 

in
 
1
9
7
4

, 
th

e 
w

ax 
an

d w
ane 

o
f 

th
e 

sp
rin

g
 bloom

 
o
f 

p
h
y
to

p
lan

k
to

n
 

and 
zo

o­
p
lan

k
to

n
 
in
 
th

e 
e
a
ste

rn
 p

a
rt 

o
f 

th
e 

S
o
u
th

ern
 B

ig
h

t 
o
f 

th
e 

N
o
rth

 
S

ea w
as 

fo
llo

w
ed

 fro
m
 w

eek 
to
 

w
eek 

from
 
Jan

u
ary

 
to
 

Ju
n

e. 
I
t 

w
as 

fo
u
n
d
 
th

a
t 

th
e 

sp
rin

g
 d

ev
elo

p
m

en
t 

o
f 

e
ala

n
o

id
 

co
p

ep
o

d
s 

in
 D

u
tch 

c
o
a
sta

l w
aters 

d
ep

en
d

s 
m

ore 
upon 

a
b
io

tic
 
fa

c
to

rs 
su

ch
 

as 
th

e 
in

c
re

a
sin

g
 w

ater 
te

m
p
era

tu
re

, 
th

an
 upon 

th
e 

sp
rin

g
 bloom

 
o
f 

p
h

y
to

p
lan

k
to

n
, 

w
h
ich 

in
 
th

e
se
 
v
e
rtic

a
lly

 hom
ogeneous w

aters 
is
 
c
lo

se
ly
 
re

la
te

d
 

to
 
lig

h
t 

c
o
n
d
itio

n
s 

(in
c
id

e
n
t 

so
la

r 
ra

d
ia

tio
n
, 

w
ater 

d
ep

th
 

and 
tu

rb
id

ity
).

P
re

lim
in

a
ry
 
sim

u
la

tio
n
 m

o
d
els 

o
f 

th
e 

p
lan

k
to

n
 

dynam
ics 

in
 
th

e 
S

o
u

th
ern

 
B

ig
h
t 

w
ere 

fo
rm

u
lated

, 
b
ased

 
on 

th
e 

m
easu

rem
en

ts 
o
f 

th
e 

b
io

tic
 

and 
a
b
io

tic
 

com
­

p
o
n
en

ts 
o

f 
th

e 
p
lan

k
to

n
 

sy
stem

 
(p

rim
ary

 
p
ro

d
u
c
tio

n
, 

c
h
lo

ro
p
h
y
ll, 

p
h

y
to

­
p
lan

k
to

n
 an

d 
zo

o
p
lan

k
to

n
 
b
io

m
ass, 

oxygen 
and 

n
u
trie

n
t 

c
o

n
c
e
n

tra
tio

n
s, 

lig
h
t, 

tirb
id

ity
, 

etc«
.).

N
orw

ay

(G
. 

B
erge 

& F
. 

B
ey

er)

1
. 

In
s
titu

te
 

o
f 

M
arin

e 
R

esearch
, 

B
erg

en

1 » 
1 

P
h
y
to

p
lan

k
to

n

I» 
1
.1
 

T
he 

lo
n
g
-term

 m
o
n
ito

rin
g
 

program
m

e 
'O

n th
e 

c
o
a
sta

l 
b
an

k
s 

o
ff W

estern
 N

orw
ay w

as 
co

n
tiu

ed
 
in
 

1975° 
D

u
rin

g
 A

p
ril, 

m
easu

rem
en

ts 
o
f 

p
rim

ary
 
p
ro

d
u
ctio

n
 
ra

te
s, 

p
h
y
to

p
lan

k
to

n
 
stan

d
in

g
 

sto
ck

s 
(as 

c
h

lo
ro

p
h

y
ll 

a
), 

lig
h
t 

p
e
n
e
tra

tio
n
, 

tu
rb

id
ity

 
and 

p
a
rtic

le
 

siz
e
 
freq

u
en

cy
 w

ere 
m

ade. 
T

he 
p

rim
ary

 p
ro

d
u
ctio

n
 

ra
te

s 
p
er 

u
n
it 

o
f 

c
h
lo

ro
p
h
y
ll 

£
 a

t 
stan

d
a
rd
 
c
o
n
d
itio

n
s 

(P
.I.) 

w
ere 

c
a
lc

u
la

te
d

 
and 

show
ed 

an 
av

erag
e 

v
alu

e 
som

ew
hat 

h
ig

h
e
r 

th
an

 
in
 
p
rev

io
u
s 

y
e
a
rs 

w
h

ile 
a 

lo
w

er 
av

erag
e 

d
a
ily

 
p
rim

ary
 p

ro
d
u
ctio

n
 w

as 
o

b
serv

ed
.

1
. 

1
.2
 

D
u

ring
 

1975s 
a b

a
se

lin
e
 
re

so
u
rc

e 
stu

d
y
 w

as 
c
a
rrie

d
 

o
u

t 
o
v
er 

th
e 

C
o

n
tin

e
n

ta
l 

S
h
elf 

o
ff 

n
o
rth

e
rn
 

N
orw

ay 
(T

ro
m

s-F
in

m
ark

), 
in
 
o
rd

er 
to
 
d

e
scrib

e 
th

e 
n
a
tu

ra
l 

fish
e
rie

s 
reso

u
rces and 

th
e 

u
n

d
erlay

in
g
 
p
ro

d
u
ctio

n
 

sy
stem

s 
b
e
fo

re 
a p

lan
n

ed
 

o
il 

e
x
p
lo

ita
tio

n
 
in
 
th

is 
a
re

a
. 

In
 
th

is 
c
o
n
tex

t 
six

 
c
ru

ise
s 

w
ere 

u
n

d
ertak

en
 

d
u
rin

g
 M

ay, 
Ju

n
e, 

A
u

g
u

st 
and 

O
cto

b
er w

here 
th

e 
fo

llo
w

in
g
 
p
aram

eters 
w

ere 
m

easu
red

 
g 

p
rim

ary
 p

ro
d
u
ctio

n
 ra

te
s
, 

p
h
y
to

p
lan

k
to

n
 b

io
m

ass, 
zo

o
p

lan
k

to
n

 
ta

x
a 

and 
b
io

m
asses, 

lig
h
t 

p
e
n
e
tra

tio
n
, 

tu
rb

id
ity

,p
a
rtic

le
 

siz
e
 
freq

u
en

cy
 

d
istrib

u
tio

n
 

and h
y
d
ro

g
rap

h
y
. 

T
he 

y
e
a
rly

 p
rim

ary
 p

ro
d
u
c
tio

n
 w

as 
c
a
lc

u
la

te
d

 
and. v

a
rie

d
 w

ith
in
 
th

e 
a
re

a
 b

etw
een

 
35-80 

gC
/m
 

. 
O

f 
th

is 
an

n
u
al 

p
ro

d
u
ctio

n
 

5
0
/ 

o
r m

ore 
to

o
k
 
p
lace 

d
u

rin
g
 M

ay 
and 

Ju
n
e. 

T
he 

p
rim

ary
 p

ro
d
u
ctio

n
 ra

te
s 

p
e
r u

n
it 

o
f 

c
h

lo
ro

p
h

y
ll 

a 
(P

.I.) 
show

ed 
sm

all 
v

a
ria

tio
n

s 
d
u
rin

g
 
th

e 
y
ear 

(P
o

l. 
= 

2
o

2
| 

S
o

d
o

ilo
3

3
9 

n 
= 

4
3
1
)

re
p
o
rt 

is
 
in
 
p

re
ss.



- 
9 

-

1
.1

.3
 

A
s 

p
a
rt 

o
f 

th
e 

"Jo
in

t 
N

orw
egian 

C
o
astal 

C
u
rren

t 
P

ro
je

c
t" 

sp
o
n
so

red
 

by 
th

e 
N

orw
egian 

O
cean

o
g
rap

h
ic 

C
om

m
ittee, 

470 
sam

ples 
w

ere 
c
o
lle

c
te

d
 

fo
r 

p
ig

m
en

t 
a
n

a
ly

sis 
m

ain
ly
 

from
 

5 
m 

d
ep

th
s. 

T
he 

c
o

lle
c
tio

n
 w

as 
m

ade 
by 

5 
re

se
a
rc

h
 v

e
sse

ls 
d
u
rin

g
 

25 
M

ay 
- 

6 
Ju

n
e 

and 
co

v
ered

 
th

e 
c
o
a
sta

l 
bank 

a
rea

 
alo

n
g
 
th

e 
e
n
tire

 
N

orw
egian 

C
o
ast. 

A 
p
re

lim
in

a
ry

 
re

p
o
rt 

on 
th

e 
h
o
riz

o
n
ta

l 
d
istrib

u
tio

n
 

o
f 

c
h

lo
ro

p
h

y
ll 

alo
n
g
 

th
e 

N
orw

egian 
c
o
a
st 

to
g
e
th

e
r w

ith
 
o
th

e
r 

co
m

p
lem

en
tary 

d
a
ta 

(h
y
d
ro

g
rap

h
y

, 
zo

o
p
lan

k
to

n
, 

ta
x
a 

and 
b
io

m
ass) 

is 
in
 
p
re

p
a
ra

tio
n
. 

A
t 

th
e 

sam
e 

tim
e 

ab
o

u
t 

6 
000 

sam
p

les 
fo

r 
n
u
trie

n
ts 

d
e
term

in
a
tio

n
 w

ere 
c
o

lle
c
te

d
 

and 
are 

s
till 

u
n
d
er 

a
n
a
ly

sis.

1
.1

.4
 

T
he 

lo
n
g
-term

 
program

m
e 

o
f 

en
v
iro

n
m

en
tal 

in
v
e
stig

a
tio

n
s 

in
 
th

e 
N

orw
egian 

fjo
rd

s 
w

as 
co

n
tin

u
ed

. 
T

en 
fjo

rd
s 

in
 

so
u
th

ern
 N

orw
ay, 

and 
24 

in
 w

estern
 

and 
n

o
rth

e
rn
 N

orw
ay w

ere 
su

rv
ey

ed
 
in
 M

arch 
and 

N
ovem

ber 
re

p
e
c
tiv

e
ly

. 
N

u
trie

n
ts, 

o
x
y
g
en

, 
p
rim

ary
 
p
ro

d
u
ctio

n
, 

c
h

lo
ro

p
h

y
ll 

and 
p
a
rtic

le
 

siz
e 

freq
u
en

cy
 
d
istrib

u
tio

n
s 

w
ere 

m
easured» 

R
ep

o
rts 

co
n

cern
in

g
 
th

e
se
 

and 
p

rev
io

u
s 

re
su

lts 
w

ill 
be 

p
u

b
lish

ed
 

in
 

1976.

1
.1

.5
 

In
 
th

e 
m

ajo
r 

p
a
rt 

o
f 

th
e 

ab
o

v
e-m

en
tio

n
ed
 

program
m

es 
co

n
tin

u
o
u
s 

and 
sim

u
ltan

eo
u

s 
m

easu
rem

en
ts 

o
f 

w
ater 

tra
n
sp

a
re

n
cy

 
and 

in
 v

iv
o

 
flu

o
resc

e
n
ce 

w
ere 

m
ade.

P
re

lim
in

a
ry
 
re

su
lts 

show
ed 

a 
good 

re
la

tio
n
sh

ip
 

b
etw

een
 

th
e 

tw
o 

p
a
ra

­
m

eters 
fo

r 
open 

sea 
and 

co
astal, 

w
a
ters. 

T
h
is 

re
la

tio
n
sh

ip
 w

hen 
a
p

p
lie

d
 

to
 

n
ear 

sh
o
re 

w
aters 

and 
fjo

rd
s, 

w
here 

th
e
re 

is 
n
o
t 

alw
ay

s 
a good 

ag
reem

en
t 

b
etw

een
 

th
e 

p
aram

eters, 
p
e
rm

itte
d
 

to
 
id

e
n

tify
 

and 
ro

u
g

h
ly
 
to
 

q
u
a
n
tify

 
th

e 
p
resen

ce 
o
f 

n
o
n
-p

lan
k
to

n
ic 

p
a
rtic

le
s 

a
ffe

c
tin

g
 

th
e 

tran
sp

a
re

n
c
y
 

o
f 

th
e 

w
ater.

1
.1

.6
 

In
 
co

n
n

ectio
n
 w

ith
 

th
e 

p
lan

n
in

g
 

o
f 

th
erm

ic 
pow

er 
sta

tio
n

s 
th

e 
b
a
selin

e
 

stu
d
ie

s 
o
f 

p
h

y
to

p
lan

k
to

n
, 

zo
o
p
lan

k
to

n
 

and 
fis

h
 
p

ro
d

u
c
tiv

ity
 
in
 
th

e 
O

slo
fjo

rd
 

and 
a
d
jac

e
n
t 

c
o
a
sta

l 
w

aters 
co

n
tin

u
ed

. 
D

u
rin

g
 
th

e 
y
ear

IO
 

su
rv

ey
s 

o
f 

th
e 

a
rea

 w
ere 

m
ade. 

T
he 

re
s
u

lts 
w

ere 
p
u
b
lish

ed
 
in

 
P

isk
en
 

og H
av

et, 
se

rie
 

A
, 

and 
in
 

a 
re

p
o
rt 

to
 

th
e 

N
orw

egian
 A

u
th

o
rity

 
o
f 

w
aterw

ay
s 

and 
e
le

c
tric

 
pow

er 
(in

s
titu

te
 

o
f 

M
arine 

R
esearch

,
B

io
lo

g
ic

al 
S

ta
tio

n
, 

F
lo

d
ev

ig
en

).

1
.2

 
Z

o
o

p
lan

k
to

n

1
.2

.1
 

S
am

p
lin

g
 w

as 
co

n
tin

u
ed
 
a
t 

th
e 

p
erm

an
en

t 
o
cean

o
g
rap

h
ic 

sta
tio

n
s 

alo
n
g
 
th

e 
c
o

a
st 

o
f 

N
orw

ay, 
W

est 
S

p
itsb

erg
en
 

and 
a
t 

sta
tio

n
 N

ike 
in
 
th

e 
N

orw
egian 

S
ea. 

T
he 

w
o
rk

in
g
 up 

o
f 

th
e 

m
a
te

ria
l w

as 
th

is 
y
e
a
r p

o
stp

o
n
ed
 
in
 fav

o
u

r 
o
f 

th
e 

h
ig

h
 
p
rio

rity
 
b
aselin

e stu
d

y
 
in
 
N

o
rth

ern
 

N
orw

egian 
C

o
astal 

w
a
ters.

1
.2

.2
 
In
 
th

e 
N

orw
egian 

C
o

astal 
C

u
rren

t 
P

ro
je

c
t, 

zo
o

p
lan

k
to

n
 

w
as 

sam
pled 

a
t 

418 
sta

tio
n
s 

in
 

26 
se

c
tio

n
s 

alo
n
g
 
th

e 
e
n

tire
 

c
o

a
st 

o
f 

N
orw

ay 
d
u

rin
g
 
th

e 
p

e
rio

d
 

27 
M

ay 
- 

6 
Ju

n
e. 

A
t 

each
 
sta

tio
n
 
a
t 

le
a
s
t 

tw
o 

v
e
rtic

a
l 

h
au

ls 
w

ere 
tak

en
 w

ith
 

Ju
d

ay
 n

e
ts 

(
j.3

6
, 

m
esh 

siz
e
 

180 u
), 

su
rfa

c
e 

h
au

ls 
w

ere 
tak

en
 w

ith
 
J. 

36 
and 

th
e 

O
tte

r 
su

rfa
c
e 

sam
p

ler 
(O

SS 
40» 

m
esh 

siz
e
 

265p ). 
T

he 
la

tte
r w

as 
m

ain
ly
 
b
ein

g
 
in

ten
d
ed
 
fo

r 
sam

p
lin

g
 

o
f 

ta
r 

b
a
lls, 

b
u

t 
fis

h
 
eg

g
s, 

la
rv

a
e
 

and 
zo

o
p
lan

k
to

n
 w

ere 
sim

u
ltan

eo
u
sly

 
c
o

lle
c
te

d
 

and 
stu

d
ie

d
. 

In
 
a
li, 

1 
118 

p
lan

k
to

n
 

sam
ples 

w
ere 

c
o
lle

c
te

d
.

1
.2

.5
 

A
s 

a 
lin

k
 
in
 

th
e 

b
a
selin

e 
in

v
e
stig

a
tio

n
s 

p
reced

in
g
 

an 
o

il 
p

ro
sp

e
ctin

g
 

program
m

e 
o
ff 

n
o

rth
e
rn
 

N
orw

ay, 
zo

o
p
lan

k
to

n
 w

as 
sam

pled
 
a
t 

a 
se

rie
s 

o
f 

se
c
tio

n
s 

b
etw

een
 A

ndoya 
and 

N
o
rth

 
C

ape 
(re

i. 
to
 
1
.1

.2
). 

V
e
rtic

a
l 

h
a
u
ls 

w
ith

 
J. 

36 
w

ere 
tak

en
 
a
t 

16I 
sta

tio
n
s. 

S
u
rface 

h
au

ls 
w

ere 
tak

en
 
a
t 

22 
sta

tio
n

s 
w

ith
 

O
SS 

40 
and 

o
b
liq

u
e 

h
au

ls 
a
t 

l6
 
sta

tio
n

s 
w

ith
 

B
ongo 

n
et 

(B
. 

20, 
m

esh 
siz

e
 

5
0
0
p
).

T
he 

p
lan

k
to

n
 m

a
te

ria
l 

h
as 

b
een

 w
orked up 

by 
th

e 
sh

o
rt-c

u
t 

m
ethod, 

fish
 

eggs 
and 

la
rv

ae
 

se
p
ara

te
d
 

and 
an

aly
sed

 
and 

p
lan

k
to

n
 volum

es 
m

easu
red 

by 
th

e 
d

isp
lacem

en
t 

m
etho

d
. 

T
he 

d
a
ta 

are 
p

ro
cessed

 
in
 

a 
co

m
p
u
ter 

program
m

e 
and 

w
ill 

be 
re

p
o
rte

d
 
d

u
rin

g
 
th

e 
firs

t 
h
a
lf 

o
f 

1
9
7
6

.



IO

1
.2

.4
 D

u
rin

g
 

a 
c
ru

ise
 

to
 

th
e 

A
zo

res 
w

ith
 

th
e 

RV 
"G

.O
.S

ars" 
in
 N

ovem
ber- 

D
ecem

ber v
e
rtic

a
l 

h
au

ls 
w

ith
 
J. 

3
6

, 
w

ere 
tak

en
 
a
t 

39 
sta

tio
n

s, 
o
b
liq

u
e 

h
a
u
ls 

w
ith

 B
ongo 

n
e
t 

B 
60 

a
t 

19 
s
t., 

and 
su

rfa
c
e 

h
au

ls 
w

ith
 

O
SS 

4
0

, 
a
t 

47 
s
t.

1
.2

.5
 
In

v
e
stig

a
tio

n
s 

re
la

te
d
 

to
 

co
m

m
ercial 

e
x
p
lo

ita
tio

n
 
o
f 

zo
o
p
lan

k
to

n
 

(C
alan

u
s) 

co
n

tin
u

ed
. 

O
ff 

B
ergen 

th
e 

sp
rin

g
 
p
lan

k
to

n
 w

as 
m

ore 
^ 

ab
u

n
d

an
t 

th
an

 
in
 

1
9
7
4

» 
d

isp
lacem

en
t 

volum
es 

av
erag

in
g
 

55-80 
m

l/m
 

.
E

cho 
re

co
rd

in
g
s 

w
ere 

o
n

ly
 p

a
rtly

 
su

c
c
e
ssfu

l. 
D

u
rin

g
 

ex
p
erim

en
tal 

fish
e
ry
 
ab

o
u
t 

13 
m

etric 
to

n
s 

o
f 

C
alan

u
s 

sp
. 

w
ere 

cap
tu

red
 w

ith
 
in

­
d
iv

id
u
a
l 

c
a
tch

e
s 

o
f 

2 
to

n
s 

d
u
rin

g
 

8 
h

o
u

rs 
to

w
in

g
 w

ith
 

tw
in
 
tra

w
ls 

w
ith

 
o
p
en

in
g
s 

5 
x 

4 m
. 

In
 
a 

sm
all 

an
ch

o
red

 
tra

p
 

(o
p
en

in
g
 
1

.6
 

x
 
0
.9

)
60 

kg 
o
f 

p
lan

k
to

n
 w

ere 
tak

en
 

o
v
er 

one 
n

ig
h

t.

O
ff 

n
o

rth
e
rn
 N

orw
ay 

th
e 

sum
m

er 
zo

o
p
lan

k
to

n
 w

as 
m

ore 
sc

arc
e 

th
an

 
in
 
1
9
7
4

.

1
.2

.6
 
K

rill 
(E

u
p
h
a
u
siid

s). 
E

x
p
erim

en
tal 

fish
e
ry

 
fo

r 
k
rill 

w
as 

c
a
rrie

d
 

o
u
t 

in
 M

arch 
in
 
th

e 
N

orw
egian

 
C

hannel 
and 

in
 
fjo

rd
s 

so
u

th
 

of 
B

erg
en w

ith
 
a 

tra
w

l 
sp

e
c
ia

lly
 
d
esig

n
ed
 
fo

r 
th

e 
p
u
rp

o
se. 

Som
e

150 
kg 

o
f 

M
eg

an
y
ctip

h
an

es 
n

o
rv

eg
icu

s 
w

ere 
cap

tu
red

 
in
 

a 
30 

m
in

u
tes 

h
a
u

l. 
In
 

O
uher 

h
a
u

ls, 
k
rill 

w
as 

m
ixed w

ith
 
M

au
ro

licu
s 

m
u

e
lle

ri 
and 

c
a
tch

e
s 

o
f 

a 
few

 
h
u
n
d
red

 kg w
ere 

o
b
ta

in
ed

.

2. 
U

n
iv

e
rsity

 
o
f 

B
erg

en 
- 

B
io

lo
g
ic

al 
S

ta
tio

n
 
E

sp
eg

ren
d

W
ork 

in
 

1975 
w

as 
c
o
n
c
e
n
tra

ted
 

on 
stu

d
ie

s 
o
f 

p
o
p
u
la

tio
n
s 

from
 

tw
o 

fjo
rd

 
a
rea

s 
:

2
.1

 
C

o
n

tin
u

ed
 

sam
p
lin

g
 

from
 

1973 
to
 

1975 
in
 
fjo

rd
s 

in
 R

y
fy

lk
e, 

N
E 

o
f 

S
tav

an
g
er, 

w
hich

 
are 

sch
ed

u
led

 
to
 

be 
a
ffe

c
te

d
 

by 
a h

y
d

ro
-e

le
c
tric

 
schem

e, 
is 

p
ro

v
id

in
g
 

a 
th

re
e
-y

e
a
r 

p
ic

tu
re
 

o
f 

th
e 

p
lan

k
to

n
 

sto
ck

s 
and 

th
e
ir 

n
a
tu

ra
l 

flu
c
tu

a
tio

n
s 

b
efo

re 
th

e 
a
rtic

ific
ia

l 
re

g
u

la
tio

n
 

o
f 

fre
sh

w
ater 

b
eg

in
s 

to
 

tak
e d

efect. 
A 

p
re

lim
in

ary
 
re

p
o
rt 

on 
th

e 
zo

o
p
lan

k
to

n
 

o
f 

th
e 

y
e
a
r 

1973 
h

as 
b
een 

co
m

p
leted

 
(A

. 
F

o
ssh

ag
en

).

2
.2

 
N

u
m

erical 
a
n

a
ly

sis 
o
f 

th
e 

in
d

iv
id

u
a
l 

g
ro

w
th
 

and 
th

e 
p
o
p
u
la

tio
n
 g

ro
w

th
, 

re
c
ru

itm
e
n
t, 

and m
o
rta

lity
 
o
f 

m
acro

p
lan

k
to

n
ic 

sp
e
cie

s 
in
 K

o
rsfjo

rd
en

, 
W

estern
 N

orw
ay, 

h
as 

b
een 

fu
rth

er d
ev

elo
p

ed
. 

A
 
s
ta

rt 
h

as 
b
een

 m
ade 

in
 

in
te

g
ra

tin
g
 
re

su
lts 

from
 

b
io

m
ass 

e
stim

a
tio

n
s, 

c
a
lo

rim
e
tric

 
and 

b
io

­
ch

em
ical 

a
n

a
ly

se
s, 

and 
fe

ed
in

g
 

ex
p
erim

en
ts 

w
ith

 
th

e 
fie

ld
 
re

su
lts

, 
in

 
o
rd

er 
to
 

e
lu

c
id

a
te
 

th
e 

tro
p

h
ic 

dynam
ics 

o
f 

th
e 

com
m

unity.
(j.B

.L
. 

M
atth

ew
s).

3. 
N

orw
egian 

In
s
titu

te
 
fo

r W
ater R

esearch
 

(N
IV

A
), 

O
slo 

P
h
y
to

p
lan

k
to

n
E

u
tro

p
h
ic

atio
n
 
e
ffe

c
ts 

in
 
th

e 
O

slo
fjo

rd
 w

ere 
stu

d
ied

 
by m

eans 
o
f 

c
h

lo
ro

- 
p
h
ill 

m
easu

rem
en

ts 
and 

c
e
ll 

co
u

n
ts 

from
 
q
u
a
n
tita

tiv
e
 

sam
p

les 
and 

th
ro

u
g

h
 

g
ro

w
th
 
p
o
te

n
tia

l 
ex

p
erim

en
ts 

in
 
th

e 
la

b
o

ra
to

ry
. 

M
a
te

rial 
w

as 
a
iso

 
c
o

lle
c
te

d
 

from
 
o

th
e
r 

fjo
rd

s 
fo

r 
re

fe
re

n
c
e
 
p
u
rp

o
ses.

4
. 

U
n

iv
e
rsity

 
o
f 

O
slo

, 
In

s
titu

te
 

o
f 

M
arine 

B
io

lo
g
y
 

and 
L

im
nology

I. 
P

h
y

to
p
lan

k
to

n
 
su

rv
ey

s

a) 
T

he 
in

v
e
stig

a
tio

n
 

o
f 

th
e 

sp
rin

g
 
p

h
y

to
p

lan
k

to
n
 
in
 
th

e 
spaw

ning 
a
rea

s 
o
f 

cod 
and 

h
e
rrin

g
 

(L
o

fo
ten

 
to
 

M
ore) 

w
as 

co
n
tin

u
ed
 
in
 
c
o

lla
b

o
ra

tio
n

 
w

ith
 

th
e 

M
arin

e 
R

esearch
 
In

s
titu

te
 

o
f 

th
e 

F
ish

e
rie

s 
D

ire
c
to

ra
te

,
B

erg
en

. 
T

h
is 

in
v
e
stig

a
tio

n
 
is 

p
a
rt 

o
f 

th
e 

N
orw

egian 
IB

P/PM
 p

ro
­

gram
m

e 
(i. 

N
y

g
aard

, 
T

. 
B

raaru
d
).

b) 
P

h
y

to
p
lan

k
to

n
 w

as 
exam

ined 
as 

p
a
rt 

o
f 

o
cean

o
g
rap

h
ic 

su
rv

ey
s 

c
a
rrie

d
 

o
u
t 

in
 

co
n

n
ectio

n
 w

ith
 h

y
d
ro

e
le

c
tric

 
p
o
w

er-p
lan

t 
p

ro
je

c
ts. 

S
am

ples 
from

 
tw

o 
o
f 

th
e
se 

su
rv

ey
s 

have 
b
een

 w
orked 

up 
and 

re
p

o
rts 

h
av

e 
b

een



p
rep

ared
 

; 
(ij 

from
 

S
kjom

en, 
n
ear 

N
arv

ik
 

(p
u

b
lish

ed
 

by B
. 

S
c
h

ei);
(ii)fro

m
 

th
e 

H
ard

an
g
erfjo

rd
 

(b
y A

. 
D

ick
, 

u
n

p
u

b
lish

e
d

). 
A 

th
ird

 
su

rv
ey

, 
in
 
th

e 
R

y
fy

lk
e 

F
jo

rd
s, 

is
 
in
 
p
ro

g
re

ss 
(i. 

N
y
g
aard

, 
T

. 
B

ra
a
ru

d
i

c) 
A
 
re

p
o
rt 

is 
in
 
p
re

p
a
ra

tio
n
 

on 
th

e 
sum

m
er 

and 
autum

n 
p

h
y

to
p

lan
k

to
n
 

o
f 

N
o

rd
âsv

atn
,a 

lan
d

-lo
ck

e
d
 
fjo

rd
 
n
ear 

B
erg

en
 

(K
. 

T
an

g
en

).

II. 
S

p
ecial 

p
h

y
to

p
lan

k
to

n
 
stu

d
ie

s

a) 
T

axonom
ic 

stu
d
ie

s 
on 

c
o
c
c
o
lith

o
p
h
o
rid

s, 
by m

eans 
o
f 

tran
sm

issio
n
 

and 
scan

n
in

g
 
e
le

c
tro

n
 m

icro
sco

p
y
, 

w
ere 

co
n
tin

u
ed
 

(K
.R

. 
G

aard
er).

b) 
M

orphology, 
taxonom

y 
and 

d
istrib

u
tio

n
 

o
f 

m
arin

e 
p

lan
k

to
n
 

d
iato

m
s 

w
ere 

stu
d
ie

d
 

by m
eans 

o
f 

lig
h
t 

and 
e
le

c
tro

n
 m

icro
sco

p
es 

(G
.R

. 
H

asle,
D

.L
. 

E
v
en

sen
),

c) 
A

n 
in

v
e
stig

a
tio

n
 w

as 
m

ade 
o
f 

v
a
ria

tio
n
s 

in
 

d
iato

m
 
sh

e
ll 

m
orphology 

b
ro

u
g

h
t 

ab
o

u
t 

by 
ch

an
g
es 

in
 g

ro
w

th
 
c
o
n
d
itio

n
s 

(G
.R

. 
H

asle, 
o
th

e
rs).

d) 
E

n
rich

m
en

t 
ex

p
erim

en
ts 

and 
o

th
e
r 

stu
d
ie

s 
o
f 

th
e 

p
o
ssib

le
 
ro

le
 

o
f 

silic
o
n
e
 

as 
a 

lim
itin

g
 
n
u
trie

n
t 

in
 

th
e 

O
slo 

F
jo

rd
 w

ere 
co

n
clu

d
ed

 
(B

o
J. 

L
anem

yr).

e) 
E

x
p
erim

en
ts 

w
ere 

sta
rte

d
 

on 
th

e 
s
u
ita

b
ility

 
o
f 

w
ater 

in
 
th

e 
in

n
e
r 

O
slo 

F
jo

rd
 

as 
a g

ro
w

th
 

m
edium

 
fo

r 
re

p
re

se
n
ta

tiv
e
 

p
lan

k
to

n
 
alg

ae 
(Eo 

P
aasch

e).

f) 
T

he 
e
ffe

c
t 

o
f 

C
u 

on 
sp

e
cie

s 
co

m
p
o
sitio

n
 
in
 n

a
tu

ra
l 

p
h

y
to

p
lan

k
to

n
 

co
m

m
u

nities 
w

as 
stu

d
ied

 
in
 

a 
c
o
n
tro

lle
d
 

eco
sy

stem
 
p

o
llu

tio
n
 
e
x
p
e
ri­

m
ent 

in
 

L
och E

w
e, 

S
co

tlan
d
 

(K
. 

T
an

g
en

).

e
) 

a 
re

p
o
rt 

is 
in
 
p

re
p

a
ra

tio
n
 

on 
sea 

d
isc

o
lo

ra
tio

n
 
d
u
rin

g
 

1974
in
 

th
e 

O
slo

fjo
rd
 

due 
to
 

c
o
c
co

lith
o
p
h
o
rid

 
and 

d
in

o
ila

g
e
lla

te
 

bloom
s 

(K
. 

T
an

g
en

).

h
) 

T
axonom

y 
and m

orphology 
o
f 

d
in

o
ila

g
e
lla

te
s 

w
ere 

stu
d

ied
 

by m
eans 

o
f 

lig
h
t 

and 
scan

n
in

g
 
e
le

c
tro

n
 m

icro
sco

p
e 

(J. 
T

h
ro

n
d
sen

, 
B

. 
D

ale, 
K

. 
T

an
g
en

).

i) 
S

tu
d
ies 

on fla
g

e
lla

te
s
 

from
 
Jap

an
ese 

w
aters 

(j. 
T

h
ro

n
d

sen
).

P
rogram

m
e 

fo
r 

1976

T
he 

in
v
e
stig

a
tio

n
s 

m
en

tio
n
ed

 u
n
d
er 

lb
, 

IIa
,c

,e
,h
 

and 
i 

w
ill 

be 
co

n
tin

u
ed

.

T
he 

fo
llo

w
in

g
 
sp

e
c
ia

l 
stu

d
ie

s 
w

ill 
be 

u
n
d
ertak

en
 

%

l) 
L

ig
h
t 

and 
e
le

c
tro

n
 m

icro
sco

p
e 

stu
d

ie
s 

o
f 

m
o
rph

o
lo

g
y, 

taxonom
y 

and
d
istrib

u
tio

n
 

o
f 

m
arin

e 
p
la

n
k
to

n
ic 

d
iato

m
s, 

p
a
rtic

u
la

rly
 
T

h
a
la

ssio
sira

 
sp

p
. 

(G
.R

. 
H

a
sle

).

III. 
Z

o
o
p
lan

k
to

n

a) 
L

o
cal 

stu
d
ie

s 
o
f 

th
e 

q
u
a
n
tita

tiv
e
 

co
m

p
o
sitio

n
 

o
f 

zo
o

-n
eu

sto
n

, 
zoo 

hypo- 
n
eu

sto
n
 

and 
zo

o
p

lan
k

to
n
 w

ere 
c
a
rrie

d
 

o
u

t 
in
 

th
e 

O
slo

fjo
rd
 

(T
. 

S
ch

ram
).

b
) 

D
iu

rn
al 

ch
an

g
es 

in
 

th
e 

re
la

tio
n
 

b
etw

een
 
zo

o
p
lan

k
to

n
 

and 
h
y
p
erb

en
th

o
s 

w
ere 

stu
d
ie

d
 

o
v
er 

so
ft 

b
o
tto

m
s 

o
f 

v
a
rio

u
s 

d
ep

th
s 

in
 
th

e 
O

slo
fjo

rd
 

(F
. 

B
ey

er).

5. 
U

n
iv

e
rsity

 
o
f 

T
rom

sa, 
M

arin
e 

B
io

lo
g

ic
al 

S
ta

tio
n

I. 
P

h
y
to

p
lan

k
to

n

Q
u
a
n
tita

tiv
e
 

sam
ples 

fio
m
 

7 
d

ep
th

s 
w

ere 
c
o

lle
c
te

d
 m

o
n

th
ly
 

from
 M

arch 
to
 

O
cto

b
er

a
t 

4 
sta

tio
n

s 
in
 
th

e 
B

a
lsfjo

rd
. 

S
u
rface 

sam
p

les 
w

ere 
tak

en
 w

eek
ly
 
o
ff 

th
e

B
io

lo
g

ic
a
l 

S
ta

tio
n
 
d
u
rin

g
 
th

e 
sam

e 
p
erio

d
 

(B
. 

S
c
h
e
i).

II. 
Z

o
o
p
lan

k
to

n
a) 

In
 
th

e T
rom

so 
a
re

a
, 

re
la

tiv
e
 

ab
u
n
d
an

ces 
o
f 

th
e 

m
ore 

com
m

on 
sp

e
cie

s 
have

b
een

 
e
stim

ate
d
 
in
 

a m
a
te

ria
l 

c
o
n
sistin

g
 

o
f 

sam
ples 

c
o

lle
c
te

d
 
re

g
u
la

rly
 

from
 

one 
to
 

th
re

e
 

d
ep

th
s 

a
t 

in
te

rv
a
ls 

o
f 

one 
to
 

th
re

e 
w

eeks 
in
 
th

e 
B

a
lsfjo

rd
,



R
am

sijo
rd

, 
K

o
b

b
ev

aag
en

,H
aak

b
y

b
o

tn
 an

d G
rö

tsu
n
d
et, 

and 
irre

g
u
la

rly
 

from
 

som
e 

o
th

e
r 

lo
c
a
litie

s
. 

In
 
a
d

d
itio

n
, 

b
ecau

se 
o
f 

an 
ap

p
aren

t 
d

e
fic

ie
n
c
y
 in

 
c
u
rre

n
t 

m
ethods 

in
 
th

e 
taxonom

y 
o
f 

tin
tin

n
id

s, 
ap

p
ro

x
im

ately
 

470 
p
h
o
to

g
rap

h
s 

h
av

e 
b

een
 m

ade 
o
f 

som
e 

o
f 

th
e 

com
m

on 
sp

e
c
ie

s, 
w

ith
 
an
 

aim
 

o
f 

d
em

o
n
stratin

g
 v

a
ria

b
ility

 
o
f 

sh
e
ll 

sh
ap

e 
sp

e
c
ie

s, 
and 

th
e 

p
ro

p
rie

ty
 
o
r 

la
c
k
 

o
f 

p
ro

p
rie

ty
 

o
f 

th
e 

sp
e
cie

s 
as 

c
u
rre

n
tly

 
d
e
lim

ite
d
 
in
 

tax
o
n
o
m

ic 
w

o
rk

s. 
T

he 
g
en

era 
in

v
o

lv
ed
 
in

 
th

is 
are 

P
a
ra

fa
v

e
lla

, 
P

ty
ch

o
c
y

lis 
and 

som
e 

fo
rm

s 
in
 
T

in
tin

n
o
p
sis 

(C
h
arles 

cT" D
ay

is
) 7”

b) 
In
 
th

e 
L

o
fo

ten
, 

in
v
e
stig

a
tio

n
s 

o
f 

th
e 

re
la

tiv
e
 

ab
u
n
d
an

ce 
and 

p
a
tc

h
in

e
ss 

o
f 

cod 
eg

g
s 

and 
la

rv
a
e
 

and 
C

alan
u

s 
fin

m
arch

icu
s 

. 
w

ere 
com

m
enced 

in
 A

p
ril.

» 
U

n
iv

e
rsity

 
o
f 

T
rondheim

, 
B

io
lo

g
ic

a
l 

S
ta

tio
n
 

and 
th

e 
In

s
titu

te
 

o
f

M
arin

e 
B

io
ch

em
istry

P
h
y
to

p
lan

k
to

n
 

and 
zo

o
p
lan

k
to

n

a)  
B

io
ch

em
ical 

and 
b

io
lo

g
ic

a
l 

in
v

e
stig

a
tio

n
s 

o
f 

th
e 

sp
rin

g
 

d
iato

m
 

bloom
 

w
ere 

c
a
rrie

d
 
o
u
t 

in
 
th

e 
T

ro
n
d
h
eim

sfjo
rd

. 
S

im
ilar 

stu
d
ie

s 
w

ere 
m

ade 
in
 

June
in
 a 

se
c
tio

n
 

125 
n
a
u
tic

a
l 

m
iles 

lo
n

g
 from

 G
rip
 

(o
ff K

ristia
n

su
n

d
). 

Z
o
o
p
lan

k
to

n
 

w
as 

a
iso

 
c
o
lle

c
te

d
.

b) 
In
 
th

e 
T

ro
n
d
h
eim

sfjo
rd

, 
w

h
o

le-y
ear 

stu
d
ie

s 
w

ere 
c
a
rrie

d
 

o
u

t 
on 

th
e 

b
io

m
ass 

o
f 

co
p
ep

o
d
s, 

e
sp

e
c
ia

lly
 C

alan
u
s 

fin
m

arc
h
ic

u
s, 

as 
a fu

n
c
tio

n
 o

f 
seaso

n
, 

sta
g
e 

and 
sex

. 
P

aram
eters 

m
easu

red
 w

ere 
C

, 
N

, 
P

, 
A

T
P, 

carb
o

h
y

­
d

ra
te

s, 
c
h
lo

ro
p
h
y
ll 

and 
flu

o
re

sc
e
n

ce
.

P
o
lan

d

( W
1. 

M
ank o w

 sk i )

P
o

lish
 
p
lan

k
to

n
 re

se
a
rc

h
 

co
n

cern
ed

, 
as 

u
su

a
l, 

th
e 

p
h
y
to

- 
zoo 

and 
ic

h
th

y
o

-p
la

n
k

to
n
 and w

as 
co

n
d
u
cted

 
a
li 

o
v
er 

th
e 

so
u
th

ern
 
B

a
ltic

 
a
rea

 
from

 
th

e 
A

rkona D
eep 

to
 

th
e 

G
dansk D

eep. 
S

am
ples 

w
ere 

tak
en

 
a
t 

ro
u
tin

e
 

sta
tio

n
s 

an
d

, 
d
u
rin

g
 c

e
rta

in
 b

io
lo

g
ic

a
lly

 
im

p
o
rtan

t 
p
e
rio

d
s, 

som
e 

a
d

d
itio

n
a
l 

sta
tio

n
s 

as 
w

e
ll.

P
h

y
to

p
lan

k
to

n
 w

as 
tak

en
 w

ith
 
a 

51“
sam

p
ler 

(H
y
d
ro

-B
io

s) 
a
t 

th
e 

d
ep

th
s 

o
f 

0, 
5s 

7*5? 
IO

, 
15 

and 
20 

m
etres. 

Q
u

a
n

tita
tiv

e
 

d
e
te

rm
in

a
tio

n
s 

w
ere 

m
ade u

sin
g
 
th

e 
U

term
o
h
l 

m
icro

sco
p

e„

P
or q

u
a
lita

tiv
e
 

stu
d
y
, 
i

oe
0 

fo
r 

p
h

y
to

p
lan

k
to

n
 
co

m
p
o
sitio

n
, 

th
e 

m
a
te

ria
l 

w
as 

sam
pled w

ith
 
th

e 
C

openhagen n
e
t 

(g
au

ze 
n
r 

2
5
x
x
x
). 

T
he 

h
a
u
ls 

w
ere 

m
ade 

v
e
rtic

a
lly

 
and 

se
p
a
ra

te
ly
 from

 p
a
rtic

u
la

r w
ater 

la
y
e
rs «

Z
o
o
p

lan
k

to
n
 

sam
p
les 

w
ere 

tak
en

 v
e
rtic

a
lly

 w
ith

 
a H

ensen n
e
t 

from
 

th
e 

b
o
tto

m
 

to
 

th
e 

sea 
su

rfa
c
e 

5 
tim

es 
a
t 

each
 
sta

tio
n
. 

T
h
is 

m
a
te

ria
l 

w
as 

se
p

ara
te

d
 
in

to
 
m

acro
- 

and 
ic

h
th

y
o
p
la

n
k
to

n
. 

T
he 

q
u
a
n
titie

s 
h

av
e 

b
een 

c
a
lc

u
la

te
d
 
as 

num
bers 

p
er 

1 
m
 

o
f 

sea 
su

rfa
c
e
.

In
 
th

e 
firs

t 
h
a
lf 

o
f 

th
e 

y
ear 

th
e 

zo
o

p
lan

k
to

n
 w

as 
a
iso

 
sam

pled w
ith

 
a 

B
ongo 

a
p
p
a
ra

tu
s. 

T
he 

siz
e
 

o
f 

th
e 

n
e
t 

m
eshes 

w
as 

0
.5

5
5
 m

m
. 

T
he 

m
ain 

su
b
jec

t 
fo

r 
th

is 
re

se
a
rc

h
 w

as 
Ich

th
y
o
p
lan

k
to

n
.

In
 
a
d

d
itio

n
 
th

e
re 

w
ere 

c
o
n
tro

l 
in

v
e
stig

a
tio

n
s 

o
f 

c
h
lo

ro
p
h
y
ll 

co
n

cen
­

tra
tio

n
s 

in
 A

p
ril 

a
t 

25 
sta

tio
n
s 

an
d in

 
O

cto
b
er 

a
t 

57 
sta

tio
n
s.

M
easu

rem
en

ts 
o
f 

p
rim

ary
 
p
ro

d
u
ctio

n
 and 

c
h

lo
ro

p
h

y
ll 

c
o
n
c
e
n
tra

tio
n
s 

to
o
k

 
p

la
ce
 
in

 A
p
ril 

and M
ay a

t 
d
ep

th
s 

o
f 

0 m
, 

IO
 

m
 

an
d 

20 
m*
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P
h
y
to

p
lan

k
to

n
, 

p
rim

ary
 
p

ro
d

u
ctio

n
(b

y
 

oxygen m
ethod) 

and 
c
h
lo

ro
­

p
h

y
ll 

c
o

n
ce

n
tra

tio
n
 

(b
y
 

SC
O

R
-U

N
ESCO

 
m

ethod) 
w

ere 
a
iso

 
stu

d
ie

d
 
in

 
th

e 
V

istu
la
 F

irth
.

M
o
reo

v
er, 

th
e 

zo
o
p
lan

k
to

n
 m

a
te

ria
l 

w
as 

c
o

lle
c
te

d
 

from
 
o

u
tsid

e
 

th
e 

B
a
ltic

 
a
re

a
, 

v
iz

, 
from

 
th

e 
w

aters 
o
f 

th
e 

H
ornsund 

B
ay 

(S
p
itsb

erg
en

)? 
5 

sam
p

les 
from

 
Ju

n
e 

1975 
h

av
e 

b
een

 
d
eterm

in
ed

. 
P

h
y
to

- 
and 

zo
o­

p
lan

k
to

n
 m

a
te

ria
l 

w
as 

a
iso

 
c
o

lle
c
te

d
 
in
 
th

e 
p

e
rio

d
 

from
 
Ju

n
e 

to
 

S
ep

tem
b

er 
ev

ery
 
o
th

e
r w

eek w
ith

 
an

 A
p
stein

 n
e
t 

(G
auze 

n
r 

25xxx) 
in
 v

e
rtic

a
l 

h
au

ls 
(56 

sam
p

les)»

T
he 

p
lan

k
to

n
 m

a
te

ria
l 

c
o
lle

c
te

d
 
fo

r 
1967-I973 

o
ff 

th
e 

N
o
rth

 W
est 

A
fric

a
n
 C

o
asts 

have 
b
een

 w
orked u

p
. 

T
he 

m
ain 

su
b
jec

t 
o
f 

th
is 

stu
d

y
 

w
ere 

M
y
sid

acea 
and 

S
a
g
itta

 
e
n
fla

ta
.

P
o
rtu

g
a
l

(T» 
N

eto 
& G» 

V
ilarin

h
o
)

P
lan

k
to

n
 
stu

d
ie

s 
w

ere 
co

n
tin

u
ed
 

alo
n
g
 
sev

e
ral 

lin
e
s 

a
t 

sea 
and 

by 
p
lan

k
to

n
 
c
u
ltu

re
s.

W
ith

in
 
th

e 
fram

ew
ork 

o
f 

m
o

n
ito

rin
g
 

th
e 

c
o
a
st 

o
f 

S
in

es, 
L

agoa 
de 

S
to
 

A
ndré 

and 
th

e 
b
each

es 
n
ear 

C
ape 

S
in

es 
th

e 
q
u
a
n
tita

tiv
e
 

and 
q

u
a
lita

tiv
e

 
stu

d
ie

s 
w

ere 
c
a
rrie

d
 

o
u
t 

o
f 

p
h
y
to

- 
and 

zo
o

-p
lan

k
to

n
, 

in
c
lu

d
in

g
 

d
e­

te
rm

in
a
tio

n
 
o
f 

th
e 

d
iv

e
rsity

 
in

d
ex
 

and 
o
f 

in
d
ic

a
to

r 
sp

e
cie

s 
(To 

L
o
p
es, 

Co 
M

o
tal, 

Lo 
F

ern
an

d
es, 

J
0 

C
alejo

 
M

o
n
te

iro
i

In
 
th

e 
a
rea

 n
e
a
r C

abo 
V

erde 
Isla

n
d
s 

zo
o
-p

lan
k
to

n
 h

ad 
b

een
 
c
o
lle

c
te

d
 

by 
a n

eu
sto

n
 
n

e
t 

in
 

1970o 
T

he 
sam

p
les 

w
ere 

an
aly

sed
 
fo

r p
o
n
te

llid
s 

(C
opepoda) 

(L
 

P
arv

a) 
and 

S
ip

h
o

n
o

p
h

o
ra 

C
aly

co
p
h
o
rae 

(To 
N

eto
) 

and 
a 

p
ap

er w
as 

p
u
b
lish

ed
 

on m
arin

e 
co

p
ep

o
d
s 

o
f 

C
abo 

V
erde 

Isla
n
d
s 

(Eo 
M

arques) 
a?C

o
n

trib
u

içao
 
p
a
ra 

o 
co

n
h
ecim

en
to
 

dos 
C

opépodos m
arin

h
o

s 
de 

C
abo 

V
erd

e 
(ilh

a
s 

B
rav

a, 
F

ogo, 
So 

T
iag

o
 

e 
M

alo
). 

II 
p
a
rte

 
- 

H
a
rp

a
c
tic

o
id

a 
e 

C
iclo

p
o
id

a8*« 
G

arcia 
de 

O
rta, 

sér»
 

Z
o

o
l. 

4
(l)°

 
1975" 

L
isb

o
a.

S
p
ain

(Jo 
C

o
rral 

& M
o 

D
urán)

In
s
titu

to
 

de 
In

v
e
stig

a
c
io

n
e
s 

P
esq

u
eras

P
h

y
to

p
lan

k
to

n

S
tu

d
ies 

on 
th

e 
re

la
tio

n
 b

etw
een

 h
e
te

ro
g

e
n

e
ity

 
o
f 

d
istrib

u
tio

n
 

o
f 

p
lan

k
to

n
 

o
rg

an
ism

s- 
and 

en
v

iro
n

m
en

tal 
d

a
ta

. 
P

h
y
sic

al 
and 

ch
em

ical 
d
a
ta w

ere 
re

la
te

d
 

to
 

co
n

tin
u

o
u

s, 
q
u
a
lita

tiv
e
 

and 
q
u
a
n
tita

tiv
e

 
v
a
ria

tio
n
s 

in
 
th

e 
p

h
y

to
p

lan
k

to
n
 

sam
p
les.

C
o
n
cen

tratio
n
 
o
f 

p
a
rtic

u
la

te
 
n

itro
g

e
n
 w

as 
stu

d
ie

d
 
in
 
th

e 
re

g
io

n
 

o
f 

u
p
w

ellin
g
 
in

 NW
 A

fric
a
 
in
 
re

la
tio

n
 

to
 

th
e 

v
a
rio

u
s 

o
cean

ic 
p
aram

eters.

In
 
o
rd

e
r 

to
 
g

e
t 

b
e
tte

r 
in

fo
rm

a
tio

n
 

from
 
th

e 
sp

e
c
tre

s 
o
f 

c
h

lo
ro

p
h

y
ll 

p
ig

m
en

ts 
in
 
co

n
tin

u
o
u
s 

re
c
o
rd

s, 
stu

d
ie

s 
w

ere 
c
a
rrie

d
 

o
u
t 

on m
u
lti- 

v
a
rie

d
 
s
ta

tis
tic

a
l 

an
aly

ses 
o
f 

co
rresp

o
n
d
in

g
 
ab

so
rb

an
ces 

a
t 

d
iffe

re
n
t 

w
av

elen
g

th
s 

o
f 

th
e 

sp
e
c
tre

.

N
ew
 

eq
u
ip

m
en

t 
h
as 

b
een

 in
s
ta

lle
d
 
fo

r 
au

to
m

atic 
d
e
term

in
a
tio

n
 

o
f 

p
rim

ary
 

p
ro

d
u

c
tiv

ity
 
th

ro
u

g
h
 
ra

d
io

a
c
tiv

e
 
tra

c
e
rs 

and 
th

ro
u

g
h
 
th

e 
R

ad
io

ch
ro

m
ato

­
gram

 
S

can
n

er P
ack

ard
 

7*201»
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Q
u
a
lita

tiv
e
 

and 
q
u
a
n
tita

tiv
e
 

p
lan

k
to

n
 
stu

d
ie

s 
w

ere 
m

ade 
in
 

C
adiz 

B
ay* 

Z
o
o

p
lan

k
to

n

A
n
aly

sis 
o
f 

th
e 

sam
ples 

g
a
th

ere
d
 

hy 
th

e 
MA

tlo
r 

II"
 
c
ru

ise
 

(alo
n
g

 
C

ako 
B

lan
co

) 
w

as 
m

ade, 
as 

w
ell 

as 
a 

stu
d
y
 

on 
th

e 
v
e
rtic

a
l 

d
istrib

u
tio

n
 

o
f 

p
o
p
u
latio

n
s 

in
 re

la
tio

n
 
to
 
w

ater 
m

asses 
o
ff 

th
e 

S
ah

ara, 
M

au
retan

ia 
an

d 
S

en
eg

al 
c
o
a
sts. 

T
h
is 

stu
d
y
 in

c
lu

d
e
s 

m
ain

ly
 
th

e 
b
io

m
ass 

and 
sy

ste
­

m
a
tica

l 
an

d 
e
c
o

lo
g

ic
a
l 

a
sp

ec
ts 

o
f 

th
e
 m

ost 
im

p
o
rtan

t 
g
ro

u
p
s 

(co
p
ep

o
d
s, ouphau- 

s
iid

s, 
p

tero
p

o
d

s, 
sa

lp
s, 

d
o

lio
lid

s, 
a
p
p
e
n
d
ic

u
la

ria
 

and 
m

o
llu

sc 
la

rv
a
e
).

A
 m

o
n
o
g
rap

h
ic 

stu
d

y
 

on 
E

u
p

h
au

siid
s 

from
 

th
e 

NW
 A

frican
 V

est 
C

o
ast 

h
as

b
een

 m
ade.

A
n

o
th

er 
stu

d
y
 

on 
c
lad

o
c
e
ra
 

and 
o
stra

c
o
d
s 

c
o
lle

c
te

d
 

by 
th

e 
"M

aro
c-Ib

eria 
I" 

c
ru

ise
 
w

h
ich 

co
v
ered

 
th

e 
S

p
an

ish
 

S
ea 

and 
th

e 
A

lb
o

rán
 

S
ea 

h
as 

b
een

 
com

­
p

le
te

d
.

S
tu

d
ies 

on 
eco

lo
g
y
 
o
f 

th
e 

zo
o

p
lan

k
to

n
 
a
t 

th
e 

C
atalo

n
ian

 
c
o
a
sts 

w
ere 

in
itia

te
d
 

and 
p

e
rio

d
ic

a
l 

v
is

its
 

w
ere 

m
ade 

to
 

th
re

e
 
fix

e
d
 
sta

tio
n

s 
o
ff 

B
arcelo

n
a. 

C
o
o
p
erativ

e 
stu

d
ie

s 
w

ere 
a
iso

 
sta

rte
d
 

on 
fu

n
c
tio

n
a
l 

m
orpho­

lo
g
y
 
o
f 

copepod 
sp

e
cie

s 
by m

icro
sco

p
ic 

an
d 

e
le

c
tro

n
ic
 

te
c
h
n
iq

u
e
s.

S
tu

d
ies 

on 
th

e 
p

h
y

sio
lo

g
y
 

o
f 

p
lan

k
to

n
 
o
rg

an
ism

s 
d
eal 

w
ith

 
th

e 
e
ffe

c
t 

o
f 

lig
h
t 

on 
fe

e
d
in

g
 

and 
m

etab
o
lic 

a
c
tiv

ity
 

o
f 

se
v
e
ra

l 
copepod 

sp
e
c
ie

s, 
aim

in
g
 
a
t 

a 
re

la
tio

n
 w

ith
 

th
e 

d
ep

th
 w

here 
th

e 
zo

o
p
lan

k
to

n
 
is
 

fo
u
n
d
 
d
u
rin

g
 

th
e 

day 
tim

e.

Ich
th

y
o
p
lan

k
to

n

T
he 

d
istrib

u
tio

n
 
o
f 

som
e 

fis
h
 
la

rv
ae
 

sp
e
cie

s 
cau

g
h
t 

by 
th

e 
"A

tlo
r 

I
I
I” 

and 
"A

tlo
r V

” 
c
ru

ise
s 

in
 BV

 A
fric

a
n
 
c
o
a
sta

l 
w

aters 
h

as 
b
een

 
stu

d
ied

 
(an

ch
o

v
y

, 
sa

rd
in

e
 

an
d 

sa
b
le

) . 
T

he 
d

istrib
u

tio
n
 
o
f 

fla
tfis

h
 

egg 
and 

la
rv

ae
 

(P
le

u
ro

n
e
c
ti! ornis) 

on 
th

e 
S

ah
ara 

S
h
elf 

w
as 

d
e
scrib

ed
.

In
s
titu

to
 

E
sp

añ
o

l 
de 

O
cean

o
g
rafía

P
h
y
to

p
lan

k
to

n

T
axonom

ic 
stu

d
ie

s 
o
f 

p
h
y
to

p
lan

k
to

n
 in

 
th

e 
M

a 
de 

A
ro

sa 
in
 
re

la
tio

n
 
to

 
p
h
y
sic

a
l 

and 
ch

em
ical 

fa
c
to

rs 
o
f 

th
e 

en
v

iro
n

m
en

t 
have 

b
een

 
co

n
tin

u
ed

.

14
M

easu
rem

en
ts 

o
f 

p
rim

ary
 p

ro
d
u
c
tio

n
 w

ere m
ade 

by 
C 

and 
b
io

m
ass 

e
stim

atio
n

 
an

d 
by 

stu
d
y
in

g
 
c
h
lo

ro
p
h
y
ll 

p
ig

m
en

ts 
d
u
rin

g
 

th
e 

fo
u
r y

ear 
seaso

n
s.

S
tu

d
ies 

on 
th

e 
c
o

rre
la

tio
n
 

b
etw

een
 p

ig
m

en
ts 

(p
h
aeo

p
h
y
tin

es) 
in
 

deep 
w

aters 
and 

d
isso

lv
e
d
 

oxygen 
as 

w
ell 

as 
w

ith
 
d

iv
e
rse

 
fo

rm
s 

o
f 

n
itro

g
e
n

 
h
as 

b
een

 co
n

tin
u

ed
.

Z
o
o
p
lan

k
to

n

S
tu

d
ies 

w
ere 

m
ade 

on fe
ed

in
g
, 

e
x

c
re

tio
n
 

an
d 

oxygen u
p
tak

e 
by h

erb
iv

o
ro

u
s 

co
p
ep

o
d
s 

in
 
o
lig

o
tro

p
h
ia
 w

a
te

rs. 
T

he 
c
o

n
trib

u
tio

n
 

o
f 

zo
o

p
lan

k
to

n
 
fo

rm
atio

n
 

o
f 

p
h
aeo

p
ig

m
en

ts 
w

as 
d
eterm

in
ed

.

T
ech

n
iq

u
es 

a
re 

w
orked 

o
u
t 

fo
r 

th
e 

stu
d
y
 o

f 
copepod 

fe
ed

in
g
 
th

ro
u

g
h
 

en
­

zym
es 

o
f 

th
e 

am
y

lase 
ty

p
e
.

S
tu

d
ies 

on 
zo

o
p
lan

k
to

n
 

co
m

m
u
n
ities 

in
 
th

e 
M

a 
de 

A
ro

sa 
and 

R
ía 

de 
M

uros 
h
av

e 
b
een

 
co

n
tin

u
ed

.

E
u
tro

p
h

ic 
w

ater 
stu

d
ie

s 
w

ere 
a
iso

 
sta

rte
d
 
co

n
cern

in
g
 
th

e 
fe

ed
in

g
, 

oxygen 
u
p
tak

e 
and 

e
x
c
re

tio
n
 

by p
la

n
k
to

n
ic 

c
ru

sta
c
e
a
.
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S
w

eden

(A
c 

L
in

d
q
u
ist)

B
a
ltic

M
easurem

ents 
o
f 

p
rim

ary
 p

ro
d
u
ctio

n
 h

av
e 

b
een 

c
a
rrie

d
 

o
u

t 
a
t 

5 
sta

tio
n

s 
in
 

th
e 

open 
se

a
, 

th
e 

n
o
rth

ern
m

o
st 

one 
in
 
th

e 
G

u
ii 

o
f 

B
o

th
n

ia 
(in

s
titu

te
 

o
f M

arin
e 

R
esearch

. 
L

y
sek

il 
& G

ö
teb

o
rg
 

=
IM

R
). 

M
easurem

ents 
o
f 

p
rim

ary
 

p
ro

d
u

ctio
n
 w

ith
 

tech
n
iq

u
e 

h
av

e 
a
iso

 
b
een

 
c
a
rrie

d
 
o

u
t 

n
ear A

skö
(A

skö 
L

ab
o
rato

ry
) 

and 
in
 

th
e 

0
resu

n
d
 

(M
arine 

B
o
ta

n
ic

a
l 

L
ab

o
rato

ry
, 

L
u

n
d

). 
C

o
n
sid

erab
le 

a
tte

n
tio

n
 h

as 
b

een
 p

aid
 

to
 

th
e 

m
eth

o
d

o
lo

g
y
 used» 

E
ven 

o
th

e
r m

ethods 
fo

r 
e
stim

atio
n
s 

o
f 

p
rim

ary
 
p
ro

d
u
ctio

n
 have 

b
een

 
stu

d
ied

 
(flu

o
re

sc
e
n

c
e
, 

U
n

iv
e
rsity

 
o
f 

U
m

eâ)0

T
he 

dynam
ics 

o
f 

th
e 

p
lan

k
to

n
 
sp

rin
g
 

bloom
 

have 
b
een

 stu
d
ie

d
 
in
 
d

e
ta

il 
in
 
re

la
tio

n
 

to
 
w

ater 
tem

p
eratu

re, 
s
a
lin

ity
 

and m
icro

 
zo

o
p
lan

k
to

n
 

(iM
R

,
A

sk
ö
)o

In
 

th
e 

sk
e
rrie

s 
o
f 

S
tockholm

 
the- ro

le
 

o
f 

n
u
trie

n
ts 

and 
ch

elalrrs 
v
as 

stu
d
ied

 
as 

w
ell 

as 
th

e 
m

echanism
 

o
f 

N
-fix

a
tio

n
 
(in

s
t. 

o
f 

P
la

n
t 

P
h

y
sio

lo
g

y
, 

U
p

p
sala). 

P
h
y
to

­
p

lan
k

to
n
 
as 

su
ch
 h

as 
b
een 

stu
d
ied

 
in
 
co

n
n

ectio
n
 w

ith
 

th
e 

in
v

e
stig

a
tio

n
s 

m
en­

tio
n
ed
 

above 
as 

w
ell 

as 
m

ore 
in

d
ep

en
d
en

tly
. 

T
he 

stu
d
ie

s 
co

v
ered

 m
any 

p
a
rts 

o
f 

th
e 

B
a
ltic

, 
in

c
lu

d
in

g
 
th

e 
0
resu

n
d
 
(a

li 
th

e 
m

en
tio

n
ed
 
In

s
titu

te
s
). 

T
he 

co
n

ten
t 

and 
en

rich
m

en
t 

o
f 

C
d, 

A
s, 

H
g 

h
as 

b
een 

stu
d

ied
 
in
 
p

lan
k
to

n
 
alg

ae 
and 

zo
o
p
lan

k
to

n
 

in
 
th

e 
B

o
th

n
ian

 
B

ay 
and 

in
 
th

e 
0resum

d 
(S

ta
te
 

B
oard 

o
f 

E
n
v
iro

n
m

en
t 

P
ro

te
c
tio

n
 

ánd M
arin

e 
B

o
tan

ical 
L

a
b
o
ra

to
ry

,L
u

n
d

).

A 
num

ber 
o
f 

rem
o

te 
sen

sin
g
 
ex

p
erim

en
ts 

h
av

e 
b
een

 
c
a
rrie

d
 

o
u
t 

in
 
o
rd

er 
to
 

stu
d
y
 
o
rg

an
ic 

p
ro

d
u
ctio

n
 

o
v
er 

e
x
ten

siv
e 

a
re

a
s„

T
he 

stu
d
ie

s 
on 

th
e 

o
ccu

rren
ce 

o
f 

fish
 

eg
g
s 

an
d 

la
rv

a
e
 
in
 
th

e 
B

a
ltic

 
p

ro
p

er 
h
av

e 
b
een

 
co

n
tin

u
ed

o
 

S
p

ecies 
o
f 

sp
e
c
ia

l 
in

te
re

s
t 

h
av

e 
b

een
 

h
e
rrin

g
, 

sp
ra

t, 
cod 

(IM
R

)

K
a
tte

g
a
t 

and 
S

k
ag

errak

C
u
rren

ts, 
w

ater 
ex

ch
an

g
e 

and 
tra

n
sp

o
rt 

o
f 

n
u
trie

n
ts 

h
av

e 
b

een 
stu

d
ied

 
as 

a p
a
rt 

o
f 

th
e 

jo
in

t 
D

an
ish

-S
w

ed
ish

 
in

v
e
stig

a
tio

n
 

o
f 

th
e 

K
a
tte

g
at 

(IM
R

). 
S

am
ples 

have 
a
iso

 
b

een
 
tak

en
 
fo

r 
a
n

a
ly

sis 
o
f 

p
h
y
to

p
lan

k
to

n
.

T
he 

d
istrib

u
tio

n
 

o
f 

fis
h
 
la

rv
a
e
 

(an
d 

eg
g
s) 

h
as 

b
een

 
stu

d
ie

d
 

and 
th

is 
in

v
e
stig

a
tio

n
 
is
 
p
a
rt 

o
f 

a 
lo

n
g
 

term
 

program
m

e 
fo

r h
e
rrin

g
 

and 
e
lv

e
rs.

U
n
ited

 K
ingdom

(B
o 

H
ard

in
g
)

T
he 

L
o
w

esto
ft 

p
lan

k
to

n
 

su
rv

ey
s

1» 
P

h
y

to
p

lan
k

to
n
 
stu

d
ie

s 
w

ere 
co

n
fin

ed
 

to
 
w

ritin
g
 

up w
ork 

on 
an

n
o

p
lan

k
to

n
 

and 
c
h
lo

ro
p
h
y
ll 

o
b
serv

a
tio

n
s 

m
ade 

in
 
th

e 
B

aren
ts 

S
ea 

o
v
er 

th
e 

p
a
st 

5 
y
ears 

and 
on 

th
e 

co
m

p
ariso

n
s 

b
etw

een
 
th

e 
flu

o
ro

m
etric 

and 
sp

ectro
p
h
o
to

m
etric

 
m

e­
th

o
d
s 

u
sed

 
to
 

e
stim

ate
 

th
e 

stan
d

in
g
 

sto
ck
 

o
f 

p
h

y
to

p
lan

k
to

n
 
in
 
term

s 
o
f 

c
h
lo

ro
­

p
h
y
ll .

2
o 

W
ork 

on 
th

e 
zo

o
p
lan

k
to

n
 w

as 
d
ev

o
ted

 
to
 

co
u

n
tin

g
 

and m
easu

rin
g
 
la

rv
a
l 

h
e
rrin

g
 

form
 
th

e 
IC

E
S 

su
rv

ey
s| 

co
u
n
tin

g
 
fish

 
eggs 

and 
la

rv
a
e
 

from
 
th

e 
su

rv
ey

s 
alo

n
g
 
th

e 
w

est 
c
o
a
st 

o
f 

B
rita

in
?
 

co
m

p
letin

g
 
co

u
n

ts 
o
f 

m
a
te

ria
l 

c
o

lle
c
te

d
 
in
 p

rev
io

u
s 

y
ears 

and 
p
ro

cessin
g
 

th
e 

re
su

lts 
fo

r 
p
u
b
lic

a
tio

n
?
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rev
iew

in
g
 
arch

iv
ed
 
d
a
ta 

fo
r 

p
u

b
lic

a
tio

n
 and p

lan
n
in

g
 
fo

r 
th

e 
1976 

se
rie

s 
o
f 

su
rv

ey
s 

o
ff 

th
e 

n
o

rth
e
a
st 

c
o
a
st 

o
f 

E
n
g
lan

d
.

a
. 

H
errin

g
 
la

rv
ae

T
h
ree 

c
ru

ise
s 

w
ere 

c
a
rrie

d
 

o
u

t 
in
 

1975 
"C

iro
lan

a*
*
l/7

5? 
24-27 

Jan
u
ary

 
to
 

th
e 

E
n
g
lish

 
C

h
an

n
el, 

50 
sta

tio
n

s 
sam

pled? 
"C

o
re

lla" 
13/75?

6
-1

3
 

S
ep

tem
b
er 

a
t 

O
rkney, 

S
h
etlan

d
 

and 
C

ape 
W

rath
, 

110 
sta

tio
n

s 
sam

pled 
and 

"C
o
rella" 

15/75» 
8
-1

4
 

O
cto

b
er 

to
 

th
e 

c
e
n
tra

l 
W

orth 
S

ea, 
105 

sta
tio

n
s 

sam
pled«

T
he 

re
su

lts 
o
f 

th
e
se
 

su
rv

ey
s 

su
g
g
ested

 
th

a
t 

th
e 

p
ro

d
u
c
tio

n
 

o
f 

h
e
rrin

g
 

la
rv

a
e 

w
as 

c
o

n
sid

era
b

ly
 
red

u
ced

 
from

 
th

e 
1974 

e
stim

a
te

s. 
T

he 
d

a
ta 

w
ill 

be 
p

re
sen

te
d
 

to
 

th
e 

IC
E

S 
H

errin
g
 W

orking 
G

roup 
in

 F
eb

ru
ary

 
1976 

and 
th

e 
re

s
u
lts 

o
f 

a
li 

th
e 

in
te

rn
a
tio

n
a
l 

su
rv

ey
s 

w
ill 

be 
c
o
lla

te
d
 

by 
M

r 
F

ogg 
Jak

o
b
sen

 
fo

r 
th

e 
m

eetin
g
 
o
f 

th
e 

H
errin

g
 
L

arv
al 

W
orking G

roup 
in

 M
ay 

1976«

b
) 

In
sh

o
re 

su
rv

ey
s

T
h
ree 

p
lan

k
to

n
 
su

rv
ey

s 
o
ff 

th
e 

w
est 

c
o
a
st 

o
f 

B
rita

in
, 

b
etw

een
 
th

e 
S

c
illy

 
Isle

s 
and 

th
e 

M
ull 

o
f G

allo
w

ay w
ere 

c
a
rrie

d
 

o
u

t 
in

 F
eb

ru
ary

,
A

p
ril 

and 
Ju

n
e 

1975 
to
 

e
stim

ate
 

th
e 

d
istrib

u
tio

n
 

and 
ab

u
n
d
an

ce 
o
f 

th
e 

eg
g
s 

and 
la

rv
ae
 

o
f 

co
m

m
ercially

 
im

p
o
rtan

t 
fis

h
 
sp

e
cie

s 
w

hich 
spaw

n 
c
lo

se
 
in

sh
o
re,.

T
he 

re
su

lts 
show

ed 
th

a
t 

th
e 

m
ajo

r 
d

iffe
re

n
c
e
 

from
 
th

e 
1972 

su
rv

ey
s 

w
as 

in
 
th

e 
d

istrib
u

tio
n
 

o
f 

p
ilc

h
a
rd
 

eggs 
and 

la
rv

a
e
. 

In
 

1972 
p
ilc

h
a
rd

 
la

rv
ae
 

w
ere 

co
n
fin

ed
 

to
 

th
e 

sea 
ax

ea 
so

u
th
 

o
f M

ilfo
rd
 

H
aven w

h
ereas 

in
 

1975 
th

e 
la

rv
a
e
 

w
ere 

fo
u
n
d
 
fu

rth
e
r 

to
 

th
e 

n
o
rth

 
in
 
C

ard
ig

an
 B

ay 
and 

to
 

th
e 

n
o

rth
e
a
st 

Irish
 

S
ea.

c) 
P

u
b
lish

ed
 

and 
arch

iv
ed
 
d
a
ta
 re

la
tin

g
 
to
 

th
e 

spaw
ning 

o
f 

th
e 

p
la

ic
e

in
 
th

e 
S

o
u
th

ern
 
B

ig
h
t 

w
ere 

re
-a

n
a
ly

se
d
 

to
 

e
stim

ate
 
m

o
rta

lity
 
in
 

th
e 

egg 
stag

e
s 

and 
to
 

lo
o
k
 
a
t 

th
e 

lo
n
g
-term

 
tre

n
d
s 

in
 

egg 
p
ro

d
u
c
tio

n
. 

T
he 

re
s
u

lts 
w

ere 
p
re

sen
te

d
 
to
 
th

e 
IC

E
S 

S
ym

posium
 

on 
"T

he 
ch

an
g

es 
in
 
N

o
rth

 
S

ea F
ish

 
S

to
ck

s 
and 

th
e
ir C

au
ses" 

w
h
ich w

as 
h
eld

 
in
 Irh

u
s 

in
 
Ju

ly
 

1
9
7
5

“ 
T

he 
g

ro
w

th
 

and m
o

rta
lity

 
o
f 

la
rv

a
l 

p
la

ic
e
 
in
 
th

e 
p
atch

es 
id

e
n
ti­

fie
d
 
fo

r 
th

e 
d

iffu
sio

n
 
a
n

a
ly

se
s 

p
re

sen
te

d
 
a
t 

th
is 

sym
posium

 
is 

now
 
b
ein

g
 

exam
ined 

in
 
d

e
ta

il.

C
od 

egg m
o
rta

litie
s 

h
av

e 
b
een

 
e
stim

a
te

d
 

from
 
th

e 
S

o
u
th

ern
 B

ig
h
t 

co
d spaw

­
n
in

g
s 

in
 

1968,1969
 

and 1971 
and 

th
e 

g
ro

w
th
 

and 
m

o
rta

lity
 
o
f 

la
rv

a
l 

cod 
as 

th
ey
 
d
rift 

to
 
th

e
ir n

u
rsery

 
a
re

as 
is 

c
u
rre

n
tly

 u
n
d
er 

in
v
e
stig

­
a
tio

n
.

T
he 

d
istrib

u
tio

n
, 

ab
u
n
d
an

ce 
and 

dynam
ics 

o
f 

zo
o

p
lan

k
to

n
 p

a
tch

e
s 

in
c
lu

d
in

g
 

th
e 

eg
g
s 

an
d 

la
rv

a
e
 

o
f 

a
li 

fis
h
 
tak

en
 
in
 
th

e 
I

968 
and 

1971 
su

rv
ey

s 
is

 
a
iso

 
u
n
d
er 

rev
iew

. 
8R

in
g

' 
stru

c
tu

re
s 

w
h
ich 

co
rresp

o
n
d
 

to
 

e
c
o
lo

g
ic

a
l w

aves, 
o

rig
in

a
lly

 
id

e
n

tifie
d
 
fo

r 
O

ik
o
p
leu

ra 
p
o
p
u
la

tio
n
s, 

have" now
 
b

een
 
fo

u
n

d
 
fo

r 
a v

a
rie

ty
 

o
f 

copepod 
and 

la
rv

a
l 

fis
h
 
d
istrib

u
tio

n
s.

G
ut 

c
o

n
ten

ts 
o
f 

a
li 

th
e 

com
m

on fis
h
 
la

rv
a
e
, 

ex
cep

t 
c
lu

p
e
id

s, 
fo

u
n
d
 
In
 
th

e 
S

o
u
th

ern
 B

ig
h
t 

and 
E

a
ste

rn
 C

h
an

n
el, 

h
av

e 
co

n
tin

u
ed
 

and 
g
e
n
e
ra

l 
p
a
tte

rn
s 

o
f 

fe
e
d

in
g
 
b
eh

av
io

u
r 

e
sta

b
lish

e
d
 
fo

r 
la

rv
a
l 

sp
e
c
ie

s.

3. 
E

x
p
erim

en
tal 

w
ork

P
seu

d
o
calan

u
s 

h
as 

b
een

 grow
n 

th
ro

u
g

h
 
its

 
life

 
cy

cle 
from

 
egg 

to
 
a
d

u
lt 

o
v
er 

a ran
g

e 
o
f 

te
m

p
era

tu
re

s, 
b

etw
een

 
3»6°G

 
and 

1
4
»
5

0C
. 

T
he 

re
su

lts 
are 

now
 
b
ein

g
 
a
p

p
lie

d
 

to
 

su
rv

ey
 re

su
lts 

form
 
th

e 
S

o
u
th

ern
 B

ig
h
t 

in
 
I968 

and 
1971* 

S
im

ilar 
stu

d
ie

s 
are 

w
e
ll 

ad
v
an

ced
 
fo

r 
C

alan
u
s 

and 
p

ro
je

c
te

d
 
fo

r 
P

a
rac

a
lan

u
s.
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4« 
G

ear 
d

ev
elo

p
m

en
t

T
he 

flu
m

e 
stu

d
ie

s 
on 

th
e 

h
y

d
ro

d
y

n
am

ics 
o
f 

p
lan

k
to

n
 

sam
p

les 
w

ere 
co

m
p
leted

 
in
 

1975 
and 

a
re 

now
 
b
ein

g
 p

rep
ared

 
fo

r 
p

u
b

lic
a
tio

n
.

T
he 

e
le

c
tro

n
ic
 

p
ack

ag
e 

fo
r 

th
e 

ch
an

g
in

g
 n

e
t 

sam
p
ler 

h
as 

b
een

 
ren

o
v

ated
 

an
d w

ill 
be 

te
ste

d
 
a
t 

sea 
d
u
rin

g
 
th

e 
N

o
rth

east 
c
o
a
st 

su
rv

ey
s 

in
 

1976.

5• 
F

u
tu

re 
su

rv
ey

s

A
 
se

rie
s 

o
f 

IO
 

su
rv

ey
s 

o
f 

th
e 

sea 
a
rea

 
o
ff 

th
e 

N
E 

c
o
a
st 

o
f 

E
n
g
lan

d
, 

b
etw

een
 

53°5C
',N

an
d 

56°N
 

and 
o

ffsh
o

re
 

to
 

2
°E

ast 
h

av
e 

b
een

 
p

lan
n

ed
 
fo

r 
1
9
7
6

. 
T

he 
su

rv
ey

s 
w

ill 
c
o

n
c
e
n
tra

te 
oh 

th
e 

d
istrib

u
tio

n
 

and 
abundance 

o
f 

th
e 

eggs 
and 

la
rv

a
e 

o
f 

co
m

m
ercially

 
im

p
o

rtan
t 

fis
h
 
sp

e
c
ie

s. 
A 

h
y
d
ro

g
rap

h
ic 

su
p

p
o

rt 
program

m
e 

in
v

o
lv

in
g
 
a
rray

s 
o
f 

re
co

rd
in

g
 
c
u
rre

n
t 

m
eters, 

sea b
ed 

d
rifte

r 
re

le
a
se

s, 
n
u
trie

n
t 

a
n

a
ly

se
s 

and 
tem

p
eratu

re 
and 

s
a
lin

ity
 m

easu
rem

en
ts 

sh
o
u
ld
 
allo

w
 

a 
d
e
ta

ile
d
 
d

e
sc

rip
tio

n
 

o
f 

th
e 

la
rv

a
l 

d
rift 

in
 
th

is 
sea 

a
re

a
.

2o 
S

co
tlan

d
 

(j.A
o
 

A
dam

s)

I. 
M

arin
e 

L
ab

o
rato

ry
, 

A
b
erd

een
 

(D
A

FS)

T
he 

P
lan

k
to

n
 

on 
In

sh
o

re 
and 

S
h
elf W

aters

A
lth

o
u
g
h
 

a 
num

ber 
o
f 

su
rv

ey
s 

h
av

e 
b
een

 
c
a
rrie

d
 
o

u
t 

th
e
re 

is
 
little

 
to
 
re

p
o
rt 

u
n
d
er 

th
is 

h
ead

in
g
. 

L
ata 

o
b
tain

ed
 
d
u
rin

g
 
th

e 
p
a
st 

fifte
e
n

 
y

e
a
rs 

a
re 

b
ein

g
 
e
v
a
lu

ate
d
 

and 
p
rep

ared
 
fo

r 
a
t 

le
a
st 

lim
ite

d
 
c
ir­

c
u
la

tio
n
 

(j.A
. 

A
dam

s, 
J.H

.A
. 

M
artin

, 
L

.V
.P

. 
C

onw
ay, 

S
°J. 

H
ay, 

N
.T

. 
N

ic
o
li 

and 
J. 

D
unn).

S
cyphom

edusae 
o
f 

th
e 

N
o

rth
 

S
ea

T
he 

fifth
 
su

rv
ey
 
o
f 

th
e 

d
istrib

u
tio

n
 

and 
ab

u
n
d
an

ce 
o
f 

S
cyphom

edusae 
in
 
th

e 
sum

m
er m

onths 
b
e
n

e
titte

d
 fro

m
 
th

e 
k

in
d
 
c
o

o
p

era
tio

n
 

o
f 

fo
u
r 

o
th

e
r 

in
s
titu

te
s
 

ta
k
in

g
 
p
a
rt 

in
 
th

e 
in

te
rn

a
tio

n
a
l 

O
-group 

g
ad

o
id

 
su

rv
ey

s. 
A

s 
a re

su
lt 

d
a
ta
 w

ere 
o

b
tain

ed
 

from
 
a 

la
rg

e
 
p
a
rt 

o
f 

th
e 

N
o
rth

 
S

ea 
and 

th
e
se
 
w

ill 
be 

d
e
scrib

ed
 
in
 

a 
p
ap

er 
to
 

be 
p
re

sen
te

d
 

to
 

IC
E

S 
in
 
1
9
7
6

. 
(S

o
J. 

H
ay, 

JIA
. 

A
dam

s).

P
lan

k
to

n
 p

o
p
u
la

tio
n
 

dynam
ics

C
om

puter 
sim

u
la

tio
n
 m

odels 
o
f 

th
e 

p
la

n
k
to

n
ic 

eco
sy

stem
 

have 
d

e­
v
elo

p
ed
 
alo

n
g
 
th

re
e
 
lin

e
s 

g

(i) 
A
 

tw
elv

e 
la

y
e
r 

m
odel 

o
f 

v
e
rtic

a
l 

stru
c
tu

re
 

h
as 

b
een

 u
sed

 
to
 

ex
p

lo
re 

th
e 

e
ffe

c
ts 

o
f 

v
e
rtic

a
lly

 v
ary

in
g
 
p

h
y

to
p

lan
k

to
n
 

co
n­

c
e
n
tra

tio
n
s 

on 
zo

o
p

lan
k

to
n
 g

ro
w

th
 
re

p
re

se
n

ted
 

by 
six

 
c
o
h
o
rts 

o
f 

a 
copepod

 
(C

ala
n
u
s). (ii)

(ii) 
H

o
riz

o
n
tal 

v
a
ria

tio
n

s 
in
 
p
h
y
to

p
lan

k
to

n
 an

d 
zo

o
p
lan

k
to

n
 

abund­
an

ce 
h
av

e 
b
een

 
stu

d
ie

d
 
in
 
re

la
tio

n
 
to
 

th
e 

e
ffe

c
ts 

o
f 

h
o
riz

o
n
ta

l 
d
isp

e
rsio

n
 

an
d 

th
e 

th
e
o

re
tic

a
l 

re
su

lts 
com

pared w
ith

 
d
e
ta

ile
d

 
o

b
serv

a
tio

n
s 

in
 
th

e 
n
o
rth

e
rn

 N
0rth

 
S

ea.

(iii) 
A m

u
ltisp

e
c
ie

s 
p
h
y
to

p
lan

k
to

n
-zo

o
p
lan

k
to

n
 m

odel 
h

as 
b

een 
d

ev
elo

p
ed
 

to
 
in

v
e
stig

a
te
 
fa

c
to

rs 
d
eterm

in
in

g
 
sp

e
cie

s 
co

m
p
o
sitio

n
 
a
t 

b
o
th
 
tro

p
h

ic 
le

v
e
ls 

(j.H
. 

S
te

e
le

, 
B

.W
o 

F
ro

st, 
E

.W
. 

H
en

d
erso

n
).
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D
istrib

u
tio

n
 

and 
ab

u
n
d
an

ce 
o
f 

fis
h
 

eggs 
and 

la
rv

a
e

S
u

rv
ey

s 
w

ere 
co

n
tin

u
ed

 
b

a
sic

a
lly

 
as 

d
e
scrib

e
d
 
fo

r 
1974 

ex
cep

t 
th

a
t 

no 
su

rv
ey

s 
fo

r 
p
la

ic
e
 

eggs 
and 

la
rv

ae
 

w
ere 

c
a
rrie

d
 

o
u

t 
and 

th
e 

sp
ra

t 
egg 

and 
la

rv
a
e 

su
rv

ey
 w

as 
re

stric
te

d
 

to
 

th
e 

M
oray F

irth
 

and 
e
a
st 

c
o
a
st 

o
f 

S
co

tlan
d

. 
T

he 
1975 

d
a
ta
 

on h
e
rrin

g
 
la

rv
a
e
 
w

ill 
be 

p
re

se
n

ted
 

to
 

th
e 

1976 
IG

E
S 

m
eetin

g
 

(A
. 

S
a
v
ille

, 
DoW

o 
M

cK
ay) 

as 
w

ill 
th

e 
p
a
st 

few
 
y
e
a
rs5 

d
a
ta
 

on 
sp

ra
t 

eggs 
and 

la
rv

a
e
 

(E
oSo 

B
ailey

)»

E
co

lo
gy
 
o
f 

la
rv

a
l 

g
ad

o
id

s

D
u
rin

g
 A

p
ril 

and 
e
a
rly

 M
ay 

1975 
g
ad

o
id
 
la

rv
a
e
, 

m
icro

 
and m

acro 
zo

o
p
lan

k
to

n
 

w
ere 

sam
pled w

ith
in
 
th

e 
a
re

a
 

59°4
5

3N
~

6
l°1

5
0N 

0
0
c305W

~01i53
0

cE 
e
a
st 

o
f 

S
h
etlan

d
»
 

A
sso

ciated
 
o
b
se

rv
a
tio

n
s 

w
ere 

o
b
tain

ed
 

o
f 

su
rfa

c
e 

tem
p

eratu
re, 

s
a
lin

ity
, 

n
itra

te
, 

c
h
lo

ro
p
h
y
ll 

a, 
and 

su
b
su

rface 
c
u

rre
n

ts 
(as 

in
d

ic
a
te

d
 

by p
arach

u
te 

d
ro

g
u

es).

T
he 

d
istrib

u
tio

n
, 

ab
u
n
d
an

ce 
and 

siz
e
 

co
m

p
o
sitio

n
 
o
f 

th
e 

la
rv

a
l 

fis
h
 have 

b
een

 
d
eterm

in
ed
 

and 
th

e 
stom

ach 
c
o
n
ten

ts 
o
f 

th
e 

m
ain 

g
ad

o
id

s 
(N

orw
ay 

p
o
u
t, 

s
a
lth

e
, 

h
ad

d
o
ck

, 
w

h
itin

g
 

and 
co

d
) 

an
aly

sed
»
 

T
hese 

d
a
ta 

a
re 

now
 
b
ein

g
 

stu
d
ie

d
 w

ith
 re

g
a
rd
 

to
 
in

te
r-sp

e
c
ific

 
co

m
p

etitio
n

, 
d
a
ily

 
p

e
rio

d
ic

ity
 
o
f 

fe
ed

in
g

, 
d
a
ily

 
fo

o
d
 

co
n
su

m
p
tio

n
, 

s
e
le

c
tiv

ity
 
c
f 

fe
e
d

in
g
 
in
 
re

la
tio

n
 
to
 

fo
o
d

 
o
rg

an
ism

s 
p

re
se

n
t 

and 
th

e 
e
ffe

c
ts 

o
f 

en
v
iro

n
m

en
tal 

c
o
n
d
itio

n
s 

(R
.G

. 
M

in
to

n
, 

D
0V

0P
0 

C
onw

ay)»

E
n
v
iro

n
m

en
tal, 

in
c
lu

d
in

g
 p

o
llu

tio
n
, 

fa
c
to

rs 
a
ffe

c
tin

g
 h

e
rrin

g
 

egg 
and

la
rv

a
l 

d
ev

elo
p
m

en
t 

and 
su

rv
iv

a
l

T
he 

stu
d

y
 

o
f 

th
e 

e
ffe

c
ts 

o
f 

d
iffe

re
n
t 

ty
p
es 

o
f w

ater 
on 

th
e 

d
ev

elo
p
m

en
t 

and 
su

rv
iv

a
l 

o
f 

sp
rin

g
 

spaw
ned h

e
rrin

g
 

eg
g

s 
and 

th
e 

re
su

ltin
g
 
la

rv
ae
 

w
ere 

co
n
tin

u
ed
 
in
 

1975 
u
sin

g
 w

ater 
from

 B
a
lla

n
ia

e
 

B
ank 

and 
Irv

in
e
 

B
ay. 

U
n
lik

e 
th

e 
re

s
u
lts 

o
b
tain

ed
 
in

 1
9
7
5

» 
D

ut 
lik

e
 

th
o
se 

o
f 

1
9
7
4

» 
no 

sig
n

ific
a
n

t 
d

iffe
re

n
c
e
 w

as 
fo

u
n
d
 
in
 
th

e 
tim

es 
tak

en
 fo

r 
th

e 
eggs 

to
 
h
a
tch

 
o
r 

in
 
la

rv
a
l 

m
o
rta

lity
 
a
fte

r h
a
tc

h
in

g
. 

H
ow

ever, 
it 

w
as 

fo
u
n
d
 
th

a
t 

th
e 

la
rv

ae
 

fro
m
 
th

e 
eggs 

k
ep

t 
in
 
th

e 
L

och Ew
e 

w
ater w

ere 
up 

to
 

ab
o
u
t 

0»5 
mm 

la
rg

e
r 

on h
atch

in
g

 
th

an
 
th

o
se 

from
 

eggs 
k
ep

t 
in
 B

a
lla

n
ia

e
 

B
ank w

ater 
(i.G

. 
B

a
x

te
r).

In
 
a
d

d
itio

n
 
to
 

th
e 

ex
p
erim

en
ts 

d
e
scrib

e
d
 

ab
o
v
e, 

an 
attem

p
t 

w
as 

m
ade 

to
 

stu
d
y

 
th

e 
g
ro

w
th
 

and 
su

rv
iv

a
l 

o
f 

h
e
rrin

g
 
la

rv
ae
 
in
 

tw
o 

o
f 

th
e 

la
rg

e
 
p
la

stic
 

e
n
c
lo

su
re

s 
(each

 
o
f 

ab
o

u
t 

100 
n
r) 

in
 L

och 
T

h
u
rn

aig
» 

A
bout 

24 
000 

fe
rtilis

e
d

 
eg

g
s 

w
ere 

p
laced

 
in
 

one 
en

clo
su

re 
and 

ab
o
u
t 

25 
600 

in
 

th
e 

o
th

er? 
80 

to
 

90/
 
su

b
seq

u
en

tly
 h

atch
ed

. 
P

eak 
num

bers 
o
f 

up 
to
 

3OO 
la

rv
ae
 

p
e
r h

au
l 

o
f 

a 
,sm

all p
lan

k
to

n
 
n

e
t 

w
ere 

cau
g
h
t 

fiv
e
 

d
ay

s 
a
fte

r 
th

e 
com

m
encem

ent 
c
f 

h
atch

in
g

 
b
u
t 

te
n
 

d
ay

s 
la

te
r 

num
bers 

had 
d

ro
p
p
ed
 
to
 

z
e
ro

. 
N

o 
fe

e
d

in
g
 w

as 
o
b
serv

ed
 

(N
.T

. 
N

ic
o
li, 

IoG
. 

B
a
x
ter).

In
 
th

e 
autum

n, 
p
re

lim
in

a
ry
 
ex

p
erim

en
ts 

w
ere 

c
a
rrie

d
 
o

u
t 

on 
th

e 
e
ffe

c
ts 

o
f 

o
il 

on 
th

e 
eggs 

and 
la

rv
a
e
 

(1
.0

»
 

B
ax

ter, 
D» 

W
h

itfo
rd

)»

Z
o
o
p
lan

k
to

n
 
stu

d
ie

s 
a
t 

L
och Ew

e

T
he 

zo
o
p
lan

k
to

n
 
stu

d
ie

s 
a
t 

L
och Ew

e 
u
sin

g
 
th

e 
la

rg
e
 
p
la

stic
 

e
n

c
lo

su
re

s 
in

 L
och T

h
u

rn
aig

 
(a 

sm
all 

b
ay
 
a
t 

th
e 

h
ead

 
o
f 

th
e 

lo
ch

) 
w

ere 
sim

ila
r 

to
 

th
o
se 

d
e
scrib

e
d
 
la

s
t 

y
e
a
r.

F
u
rth

e
r 

o
b
se

rv
a
tio

n
s 

w
ere 

o
b
tain

ed
 

on 
th

e 
lo

b
a
te
 

cten
o
p
h
o
ra 

B
o
lin

o
p
sis 

in
fu

n
d
ib

u
lu

m
» 

T
he 

re
s
u
lts 

o
f 

ex
p
erim

en
ts 

in
 w

h
ich 

th
e 

B
o
lin

o
p
sis 

w
ere 

g
iv

en
 

copepod 
p
rey

, 
d
iffe

re
d
 

from
, 

th
e 

1974 
re

su
lts 

in
 
th

a
t 

egg 
p
ro

d
u
ctio

n
 

ra
th

e
r 

th
an

 body 
g

ro
w

th
 

to
o
k
 
p

la
c
e
, 

egg p
ro

d
u
ctio

n
 
b
ein

g
 

seen
 

to
 

be 
a 

fu
n
c
tio

n
 
o
f 

fo
o
d
 

ab
u
n
d
an

ce. 
B

o
lin

o
p

sis 
w

ere 
p

h
o

to
g

rap
h

ed
 
in
 
s
itu

 
in
 

th
e 

lo
ch

 
as 

th
e 

in
itia

l 
p
a
rt 

o
f 

a 
stu

d
y
 

o
f 

th
e 

m
echanism

 
o
f 

fe
e
d

in
g
 w

h
ile 

a 
m

o
n
th

ly
 

su
rv

ey
 

o
f 

th
e 

B
olin

o
p

sis 
p
o
p
u
la

tio
n
 w

as 
sta

rte
d
 
in
 

S
ep

tem
b
er 

1975 
u
sin

g
 
co

n
v

en
tio

n
al 

n
e
t 

sam
p
lin

g
 
a
t 

a 
num

ber 
o
f 

p
o

sitio
n

s 
and 

co
u

n
tin

g
 

by 
d
iv

e
rs 

a
t 

fo
u
r 

d
ep

th
s 

in
 
th

e w
afer 

colum
n 

a
t 

a 
fix

e
d
 
d
iv

in
g
 
site

»
(joC

o 
G

am
ble 

and 
o
th

e
rs).
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E
x

p
erim

en
tal 

p
h
y
to

p
lan

k
to

n
 
stu

d
ie

s 
re

la
te

d
 

to
 
m

arin
e 

p
o
llu

tio
n

T
he 

m
ain

ten
an

ce 
o
f 

sev
en
 
b
a
c
te

ria
 fre

e
 
a
lg

a
l 

c
u
ltu

re
s 

(d
iato

m
s 

and 
fla

g
e
lla

te
s
) 

h
as 

co
n

tin
u

ed
.

A
 
B

io
flo

w
 

ch
em

o
stat 

h
as 

b
een

 u
sed

 
to
 

d
em

o
n
strate 

th
e 

e
ffe

c
t 

o
f 

sin
g
le 

d
o

ses 
o
f 

co
p
p
er 

and 
stead

y
 
sta

te
 

co
n

tin
u

o
u

sly
 g

ro
w

in
g
 
c
u
ltu

re
s 

o
f 

P
h
aeo

d
acty

lu
m
 

and 
o
f 

C
rico

sp
h

aera 
in
 
a
rtific

ia
l 

m
edium

.

P
h
aeo

d
acty

lu
m
 

su
rv

iv
ed
 
sin

g
le
 

d
o
ses 

o
f tip 

to
 

64 m
g

/l 
co

p
p
er w

ith
 no 

d
im

in
u
tio

n
 
in
 
g

ro
w

th
 
ra

te
 

and w
ith

 
c
o
n
sid

era
b
le 

u
p
tak

e 
in
 
co

p
p

er.
C

rico
sp

h
aera 

su
rv

iv
ed
 

6
.4
 m

g
/l 

co
p
p
er 

a
iso

 
w

ith
 no 

d
im

in
u
tio

n
 
in
 
g
ro

w
th 

ra
te

.

A
 m

u
lti-sta

g
e
 

co
n

tin
u

o
u

s 
c
u
ltu

re
 
u
n
it 

h
as 

b
een

 b
u
ilt 

to
 

d
em

o
n
strate 

th
e 

e
ffe

c
t 

o
f 

co
p
p
er 

p
re

se
n

t 
a
t 

a 
c
o
n
sta

n
t 

le
v
e
l 

on 
co

n
tin

u
o
u
s 

c
u
ltu

re
s 

o
f 

C
rico

sp
h
aera 

and P
h
aeo

d
acty

lu
m
 
in
 

sea w
ater m

ed
ia. 

In
h
ib

itio
n
 
o
f 

P
h
aeo

d
acty

lu
m
 
a
t 

0
.6

4
 
m

g
/l 

and 
o
f 

C
rico

sp
h

aera 
a

6 
6
.4
 m

g
/l 

w
as 

d
em

ó
n
stratelo

 
T

he 
u
n
it 

w
as 

a
iso

 
u
sed

 
to
 

p
ro

v
id

e 
co

p
p
er 

fre
e
 

and 
co

p
p
er 

tre
a
te

d
 m

a
te

ria
l 

fo
r 

fe
e
d
in

g
 
to
 

zo
o

p
lan

k
to

n
 

(J.A
. 

M
ow

at 
and 

S
.U

, 
R

eid
).

T
he 

program
m

e 
fo

r 
1976

M
any 

in
v

e
stig

a
tio

n
s 

w
ill 

be 
b
a
sic

a
lly

 
as 

d
e
scrib

e
d
 
in

 p
rev

io
u
s 

y
e
a
rs.

Tw
o 

a
sp

ec
ts 

o
f 

th
e 

w
ork 

sh
o

u
ld
 

how
ever 

be 
n
o
ted

s 
th

e
se
 
a
re 

th
e 

la
b

o
ra

­
to

ry
’s 

in
v
o
lv

em
en

t 
in
 FLEX

 
d
u
rin

g
 
th

e 
firs

t 
h
a
lf 

o
f 

th
e 

y
ear 

and fu
rth

e
r 

ex
p

erim
en

ts 
in
 
th

e 
la

rg
e
 
p
la

stic
 

e
n

clo
su

res 
in
 
th

e 
seco

n
d
 h

a
lf. 

D
u
rin

g
 

th
e
se
 
la

tte
r 

ex
p
erim

en
ts 

attem
p

ts 
w

ill 
be 

m
ade 

in
 p

a
rtic

u
la

r 
to
 
(i) 

stu
d
y

 
th

e 
su

rv
iv

a
l 

o
f 

la
rv

a
e
 
h

atch
ed

, 
in
 
th

e 
e
n

c
lo

su
re

s, 
from

 
th

e 
eggs 

o
f 

autum
n 

spaw
ning h

e
rrin

g
 

an
d 

(ii) 
stu

d
y
 

th
e 

tra
n
sfe

r 
o
f 

m
ercu

ry
 from

, 
th

e 
w

ater 
colum

n 
to
 

th
e 

sed
im

en
t.

2
» 

O
cean

o
g

rap
h

ic 
L

ab
o
rato

ry
, 

E
d
in

b
u

rg
h
 

(IM
E

R
)

T
he 

C
o
n
tin

u
o

u
s 

P
lan

k
to

n
 R

eco
rd

er 
S

u
rv

ey

T
he 

su
rv

ey
 by 

th
e 

C
o
n
tin

u
o
u
s 

P
lan

k
to

n
 R

eco
rd

er w
as 

co
n
tin

u
ed

 
in
 

1975 
on 

th
e 

sam
e 

b
a
sis 

as 
in
 
p
rev

io
u
s 

y
e
a
rs. 

R
eco

rd
ers 

w
ere 

tow
ed 

a
t 

a 
d
ep

th
 

o
f 

te
n

 
m

etres 
a
t 

m
o
n
th

ly
 in

te
rv

a
ls, 

w
hen p

o
ssib

le
, 

alo
n
g
 
th

e 
stan

d
a
rd
 
ro

u
te

s 
show

n 
in

 F
ig

u
re 

1.

D
u
rin

g
 
th

e 
p
a
st 

y
e
a
r, 

R
eco

rd
ers 

w
ere 

tow
ed 

fo
r 

118 
000 

m
iles 

by 
51 

sh
ip

s 
o
f 

e
ig

h
t 

n
a
tio

n
s. 

T
he 

p
re

se
n

t 
su

rv
ey

 h
as 

b
een

 
in
 
o
p
e
ratio

n
 
sin

c
e 

1948 
and 

sin
c
e 

th
en
 
th

e 
p
lan

k
to

n
 
h

as 
b
een

 
c
o

lle
c
te

d
 

and 
th

e 
re

su
lts 

h
av

e 
b
een

 p
ro

­
cessed

 
in
 
e
x

a
c
tly

 
th

e 
sam

e 
w

ay 
(see 

C
o
leb

ro
o
k
, 

B
u
ll. 

m
ar. 

E
c
o
l., 

8,
123-1

4
2
). 

F
u
rth

e
r 

d
e
ta

ils 
m

ay 
be 

o
b
tain

ed
 

on 
a
p

p
lic

a
tio

n
 
to
 

th
e 

O
ceano­

g
rap

h
ic 

L
ab

o
rato

ry
.

T
he 

P
lan

k
to

n
 
In

d
ic

a
to

r 
S

u
rv

ey

S
tu

d
ies 

o
f 

th
e 

p
la

n
k
to

n
ic 

en
v
iro

n
m

en
t 

o
f 

th
e 

h
e
rrin

g
 
fish

e
rie

s 
o
ff 

th
e 

n
o
rth

e
a
st 

c
o
a
st 

o
f 

S
co

tlan
d
 w

ere 
co

n
tin

u
ed
 
in
 1975®

 
S

am
ples 

w
ere 

tak
en

 
fro

m
 fish

in
g
 
v

e
sse

ls 
and 

re
se

a
rc

h
 v

e
sse

ls 
o
f 

th
e 

D
ep

artm
en

t 
o
f 

A
g
ricu

ltu
re 

and F
ish

e
rie

s 
fo

r 
S

co
tlan

d
, 

th
e 

M
in

istry
 
o
f A

g
ric

u
ltu

re
, 

F
ish

e
rie

s 
and F

ood 
and 

th
e 

F
ish

ery
 
P

ro
te

c
tio

n
 
S

e
rv

ic
e.

I
t 

h
as 

becom
e 

in
c
re

a
sin

g
ly
 
d

iffic
u

lt 
to
 

o
b
ta

in
 
ad

eq
u

ate 
p
lan

k
to

n
 

sam
ples 

w
ith

 
th

e 
P

lan
k
to

n
 
In

d
ic

a
to

r, 
e
sp

e
c
ia

lly
 in

 
th

e 
B

uchan 
a
rea

 
o
f 

th
e 

fish
e
ry

. 
T

ra
d
itio

n
a
lly

, 
m

ost 
o
f 

th
e 

sam
p

les 
have 

b
een

 
tak

en
 

by 
th

e 
fish

erm
en

, 
b
u
t 

th
e 

c
h

a
ra

c
te

r 
o
f 

th
e 

fish
e
ry

 h
as 

ch
an

g
ed
 
in
 
re

c
e
n
t 

y
ears? 

d
rifte

rs 
have 

b
een 

re
p
la

c
e
d
 

by p
u
rse 

se
in

e
rs 

and 
it 

is
 
d

iffic
u

lt 
fo

r 
fish

erm
en

 
to
 

d
ep

lo
y

 
P

lan
k
to

n
 
In

d
ic

a
to

rs 
from

 
p
u
rse 

se
in

e
 
v
e
sse

ls. 
S

am
ples 

from
 
o
th

e
r 

so
u

rces 
are 

n
o
t 

tak
en

 
c
o
n
siste

n
tly

.
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T
he 

re
se

a
rc

h
 

program
m

e 
g

en
erated

 
a h

y
p
o
th

e
sis 

th
a
t 

th
e 

lo
c
a
tio

n
 

o
f 

th
e 

h
e
rrin

g
 

sto
ck

s 
alo

n
g
 a 

n
o
rth

-so
u
th
 
a
x
is 

ap
p

ears 
re

la
te

d
 
to
 

th
e 

d
istrib

u
tio

n
 

o
f 

th
e 

tw
o 

p
rin

c
ip

a
l 

fo
o
d
 

o
rg

an
ism

s 
o
f 

th
e 

h
e
rrin

g
, 

C
alan

u
s 

fin
m

arch
icu

s 
and 

S
p
ira

te
lla

 
re

tro
v
e
rsa

 
and 

th
e
se 

in
 
tu

rn
 

depend 
on 

th
e 

stre
n

g
th
 

o
f 

th
e 

A
tla

n
tic

 
in

flo
w
 
in

to
 

th
e 

N
o

rth
 
S

ea. 
T

he m
ain

 
o

b
je

c
tiv

e
 

o
f 

th
e 

program
m

e 
sin

c
e 

1972 
h
as 

b
een

 
to
 
te

s
t 

th
is 

h
y
p
o
th

esis*

A 
co

m
p
ariso

n
 

b
etw

een
 
re

su
lts 

fro
m
 
th

e 
P

lan
k
to

n
 
In

d
ic

a
to

r 
S

u
rv

ey
 w

ith
 
th

e
se 

from
 
th

e 
C

o
n
tin

u
o
u
s 

P
lan

k
to

n
 R

eco
rd

er 
S

u
rv

ey
 
su

g
g
ests 

th
a
t 

th
is 

o
b
je

c
tiv

e
 

can
 be 

ach
iev

ed
 u

sin
g
 
th

e 
re

su
lts 

fro
m
 
th

e 
C

PR
 

S
urvey*

T
h
erefo

re, 
it 

is
 

p
ro

p
o
sed

 
th

a
t 

th
e 

P
lan

k
to

n
 
In

d
ic

a
to

r 
S

u
rv

ey
 
d
esig

n
ed
 

to
 

in
v
e
stig

a
te
 

th
e 

b
io

lo
g
ic

a
l 

en
v
iro

n
m

en
t 

o
f 

a h
e
rrin

g
 
fish

e
ry

 
o
ff 

n
o

rth
e
a
st 

S
co

tlan
d
 

sh
o
u

ld
 n

o
t 

be 
resum

ed 
in
 

1976, 
b
u
t 

th
a
t 

th
e 

p
re

se
n

t 
le

v
e
l 

o
f 

sam
p
lin

g
 w

ith
 
th

e 
C

PR
 in

 
th

is 
a
rea

 
sh

o
u
ld
 

be 
co

n
tin

u
ed

 
in

d
e
fin

ite
ly

.

O
cean W

eath
er 

S
h
ip
 

P
rogram

m
e

A 
p

lan
k

to
n
 m

o
d
ellin

g
 

ex
p
erim

en
t 

h
as 

b
een

 m
ain

tain
ed
 
a
t 

O
cean W

eath
er 

S
ta

tio
n
 

IN
D

IA
 

(5
9
°0

0
9N
 
1

9
°0

0
9W

) 
sin

c
e 

M
arch 

1971* 
S

c
ie

n
tists 

w
orked 

on 
b
o
ard

 
O

cean W
eath

er 
S

h
ip

s 
on 

d
u

ty
 
a
t 

IN
D

IA
 

from
 M

arch 
to
 

Ju
n
e 

1975*

M
easurem

ents 
w

ere 
m

ade 
o
f 

;

a) 
th

e 
v
e
rtic

a
l 

d
istrib

u
tio

n
 

o
f 

th
e 

zo
o

p
lan

k
to

n
 in

 
th

e 
u
p
p
er 

500 m
etres 

u
sin

g
 

L
o
n
g
h
u
rst/H

ard
y
 P

lan
k
to

n
 R

eco
rd

ers?
b
) 

p
rim

ary
 p

ro
d

u
c
tiv

ity
 
(1^'C 

m
eth

o
d
), 

c
h
lo

ro
p
h
y
ll 

c
o

n
ce

n
tra

tio
n
 

and 
p
h
y
to

p
lan

k
to

n
 

(sp
e
cie

s 
co

u
n
ts) 

in
 
th

e 
u
p
p
er 

200 m
etres?

c) 
s
a
lin

ity
, 

tem
p
eratu

re 
and 

n
u

trie
n
ts 

in
 

th
e 

u
p
p
er 

200 
m

etres?

d) 
o

rg
an

o
c
h

io
rin

e
s 

and 
h
eav

y m
etals 

in
 
th

e 
p
lan

k
to

n
?

e) 
so

la
r 

ra
d

ia
tio

n
 

and 
lig

h
t 

a
tte

n
u

a
tio

n
 
in
 
th

e 
su

rfac
e
 
w

a
ters.

T
he 

O
cean W

eath
er 

S
h
ip 

S
erv

ice 
w

as 
re

o
rg

a
n

ised
 
in
 
Ju

n
e 

1975 
an

d 
O

cean 
W

eath
er 

S
ta

tio
n
 

IN
D

IA
 w

as 
ab

an
d
o
n
ed

. 
C

o
n

seq
u

en
tly

, 
th

is 
program

m
e 

h
as 

b
een 

sto
p
p
ed

.

T
hese 

su
rv

ey
s 

form
 
p
a
rt 

o
f 

th
e 

program
m

e 
o
f 

th
e 

In
s
titu

te
 
fo

r M
arin

e 
E

n
v

iro
n

­
m

en
tal 

R
esearch

, 
a 

com
ponent 

o
f 

th
e 

IJ.K
. 

N
atu

ral 
E

n
v
iro

nm
en

t 
R

esearch
 C

o
u
n
cil? 

th
e 

C
o
n
tin

u
o
u
s 

P
lan

k
to

n
 R

eco
rd

er 
S

u
rv

ey
 is

 
a
iso

 
su

p
p

o
rted

 
in
 
p
a
rt 

by 
th

e 
M

in
istry

 
o
f 

A
g
ric

u
ltu

re
, 

F
ish

e
rie

s 
and F

ood.

P
rogram

m
e 

fo
r 

1976

(i) 
T

he 
C

PR 
S

u
rv

ey
 w

ill 
co

n
tin

u
e 

on 
th

e 
sam

e 
b
a
sis 

as 
in
 
p
rev

io
u
s 

y
e
a
rs.

(ii) 
IM

ER
 is

 
p
a
rtic

ip
a
tin

g
 
in

 FLEX
 

7
6

.

5° 
D

u
n
staffn

ag
e 

M
arine 

R
esearch

 
L

ab
o
rato

ry
 

(SM
B

A
)

T
he 

w
ork 

done 
in
 

1975 
w

as 
as 

fo
llo

w
s?

(i) 
S

tu
d

ies 
o
f 

g
ro

w
th
 

o
f 

eu
p

h
au

siid
s 

and 
co

m
m

ercial 
d

ecap
o

d
 
c
ru

sta
c
e
a
n
s.

(ii) 
E

x
am

in
atio

n
 

o
f 

in
teg

u
m

en
tal 

se
n
silla

e
 
in
 
a v

a
rie

ty
 o

f 
p

e
la

g
ic 

c
ru

sta
c
e
an

s

(iii) 
B

io
lo

g
y
 
o
f 

in
sh

o
re
 

and 
o
ffsh

o
re 

p
o
p
u
latio

n
s 

o
f 

E
u

ch
aeta n

o
rv

e
g
ic

a.

(iv
) 

T
he 

m
an

u
factu

re 
and 

tra
n
sfe

re
n

c
e
 

o
f 

th
e 

sp
erm

a!o
p
h
o
re 

by m
ale 

E
u

ch
aeta 

n
o
rv

e
g

ic
a.

In
 

1976 
it 

is 
hoped 

to
 

co
m

p
lete 

th
e 

e
x
ten

siv
e
 w

ork 
on 

in
teg

u
m

en
tal 

se
n
silla

e
 

o
f 

e
ala

n
o
id
 

co
p
ep

o
d
s 

and 
a
iso

 
th

e 
stu

d
ie

s 
o
f 

th
e 

p
o
p
u
la

tio
n
s 

©
f 

E
u

ch
aeta 

n
o
rv

e
g

ic
a

. 
T

he 
c
o
lle

c
tio

n
 

o
f 

seaso
n
al 

sam
p

les 
o
f 

b
a.th

y
p
elag

ic 
p

lan
k

to
n

 
"(d

eep
er 

th
an
 

2 
000 

m
) 

w
as 

co
m

p
leted

 
in
 
Jan

u
ary

 
and 

a
n

a
ly

ses 
o
f 

th
e 

sam
pL

es h
av

e 
sta

rte
d

.
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C
harlie

'•R
om

eo

H
otel

t r rrr-rrr
TT-TT

F
ig

u
re 

1

T
he 

C
o

n
tin

u
o

u
s 

P
lan

k
to

n
 
R

eco
rd

er 
S

u
rv

ey 
d
u
rin

g
 

1975* 
T

he 
ro

u
te

s 
are 

id
e
n
tifie

d
 

by 
code 

le
tte

rs
 

and 
th

e 
O

cean W
eath

er 
S

ta
tio

n
s 

by 
th

e
ir 

in
te

rn
a
tio

n
a
l 

nam
es. 

R
oute 

M
A 

is 
m

ain
tain

ed
 

by 
th

e 
U

n
ited

 
S

ta
te

s 
N

atio
n
al 

M
arine 

F
ish

e
rie

s 
S

erv
ice.
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U
oSoA

o

(K
o 

S
herm

an & 
G

.D
. 

G
rice)

P
la

n
k
to

n
/F

ish
e
rie

s 
In

v
e
stig

a
tio

n
s

Ich
th

y
o
p
lan

k
to

n
 

su
rv

ey
s 

by 
th

e 
N

atio
n

al 
M

arin
e 

F
ish

e
rie

s 
S

erv
ice 

(N
M

FS)and 
co

o
p
eratin

g
 g

ro
u
p
s 

co
n

tin
u

ed
 
in
 

1975 
alo

n
g
 

th
e 

A
tla

n
tic

 
C

o
ast 

from
 
th

e
 

G
u
ii 

o
f M

aine 
to
 

th
e 

F
lo

rid
a
 
S

tra
its»

u
sin

g
 
stan

d
a
rd
 

M
ARM

AP 
sam

p
lin

g
 m

eth
o

d
s.

C
o
lle

ctio
n
s 

w
ere 

m
ade 

in
 

autum
n 

and 
sp

rin
g
 

from
 
th

e 
B

ay 
o
f 

F
undy 

to
 

C
ape 

H
a
tte

ras 
d

u
rin

g
 g

ro
u
n
d
fish

 
su

rv
ey

s 
(N

M
FS, 

W
oods 

H
ole 

and 
S

andy H
ook). 

In
 
ad

d
itio

n
»
 

six
 

c
o

u
n

trie
s 

p
a
rtic

ip
a
te

d
 
in
 
th

e 
fifth

 
an

n
u
al 

IC
N

A
F 

la
rv

a
l 

h
e
rrin

g
 

su
rv

ey
 

(C
an

ad
a, 

F
e
d

era
l 

R
ep

u
b

lic 
o
f 

G
erm

any, 
G

erm
an D

em
o

cratic 
R

ep
u
b
lic, 

P
o

lan
d

, 
U

SA
, 

U
SSR

) 
co

v
erin

g
 
th

e 
G

eo
rg

es 
B

ank 
and 

a
d

jac
e
n

t 
w

a
ters, 

S
am

p
lin

g
 

ex
ten

d
ed

 from
 
th

e 
on­

se
t 

o
f 

spaw
ning 

in
 S

ep
tem

b
er 

1975 
th

ro
u

g
h
 
la

rv
a
l 

d
ev

elo
p
m

en
t 

in
 M

arch 
1976. 

E
n
v
iro

n
m

en
tal 

o
b

serv
a
tio

n
s 

w
ere 

m
ore 

e
x
ten

siv
e
 
in
 

1975-76 
th

an
 
in
 
p
rev

io
u
s^

y
ears 

and 
in

clu
d
ed

 m
easu

rem
en

ts 
on p

lan
k
to

n
 p

ro
d
u
c
tio

n
 
(n

u
trie

n
ts, 

c
h
lo

ro
p
h
y
ll, 

14» 
0
2

» 
p
h
y
to

p
lan

k
to

n
, 

zo
o
p
lan

k
to

n
), 

tem
p
eratu

re, 
s
a
lin

ity
 

and m
e
teo

ro
lo

g
ica

l 
p
aram

eters. 
C

om
parisons 

o
f 

th
e 

c
atc

h
in

g
 
e
ffic

ie
n
c
ie

s 
o
f 

th
e 

0
.5

0
5
 

and 
0

/5
3

5
 

mm m
esh 

bongos 
u
sed

 
on 

th
e 

IC
N

A
F 

su
rv

ey
s 

are 
underw

ay 
a
t 

th
e 

N
a
rra

g
a
n

se
tt 

L
ab

o
rato

ry
. 

Ich
th

y
o

­
p
lan

k
to

n
 

sam
p
les 

are 
b
ein

g
 
p

ro
cessed

 
a
t 

th
e 

new
ly 

e
sta

b
lish

e
d
 P

o
lish

 P
lan

k
to

n
 

S
o
rtin

g
 C

en
ter 

in
 
S

zczecin
 

and 
a
t 

th
e 

P
lan

k
to

n
 
L

ab
o
rato

ry
 o

f 
th

e 
N

o
rth

east 
F

ish
e
rie

s 
C

en
ter, 

N
a
rra

g
an

se
tt, 

R
hode 

Isla
n

d
.

T
he 

S
ta

te
 

o
f 

S
o
u
th
 
C

a
ro

lin
a co

n
tin

u
ed
 
th

e 
m

o
n
ito

rin
g
 
o
f 

ich
th

y
o
p
lan

k
to

n
 

d
istrib

u
tio

n
 

and 
ab

u
n
d
an

ce from
 

C
ape 

H
a
tte

ra
s 

to
 

C
ape 

C
an

av
eral 

in
 
sp

rin
g

 
and 

autum
n. 

T
he 

a
re

a
 from

 
C

ape 
C

an
av

eral 
to
 

th
e 

F
lo

rid
a
 K

eys 
w

as 
su

rv
ey

ed
 

sy
ste

m
a
tic

a
lly

 
fo

r 
la

rv
a
l 

tu
n
as 

by 
th

e 
s
ta

ff 
o
f 

th
e 

S
o

u
th

east F
ish

e
rie

s 
C

en
ter M

iam
i. 

O
ff 

th
e 

C
a
ro

lin
a 

c
o

a
st 

th
e 

A
tla

n
tic

 
E

stu
arin

e 
C

en
ter, 

B
eau

fo
rt, 

co
n

tin
u

ed
 
in

v
e
stig

a
tio

n
s 

on 
th

e 
re

la
tio

n
sh

ip
 

b
etw

een
 E

km
an 

tra
n
sp

o
rt 

and 
on­

sh
o
re 

d
rift 

o
f 

la
rv

a
l 

m
enhaden. 

C
o
rre

la
tio

n
s 

exam
ined 

in
 

1975 
in

d
ic

a
te
 
th

a
t 

su
stain

e
d
 

o
n

sh
o

re 
d
rift 

c
o

n
trib

u
te

s 
sig

m
fic

a
n
tly

 
to
 

y
ear 

c
la

ss 
stre

n
g
th
 

o
f 

m
enhaden. 

T
he 

C
en

ter 
is
 

a
iso

 
c
o
n
tin

u
in

g
 

an 
in

v
e
stig

a
tio

n
 

o
f 

sam
p
lin

g
 v

a
ria

tio
n
s 

o
f 

fish
 

eggs 
and 

la
rv

a
e
. 

To 
e
sta

b
lish

 
a 

ran
g

e 
o
f 

sam
ple 

v
a
rian

c
e 

o
f 

fis
h
 

eggs 
and 

la
rv

ae
 
o
ff 

th
e 

C
aro

lin
a
 
c
o
a
st 

sim
u

latan
eo

u
s 

su
rv

ey
s 

w
ere 

co
n

d
u
cted

 w
ith

in
 

5 
m

iles 
o
f 

sh
o
re 

and 
55 

m
iles o

ffsh
o
re 

in
 
co

o
p
eratio

n
 w

ith
 
th

e 
N

atio
n

al 
S

cien
ce 

F
o

u
n

d
atio

n
? 

re
p
lic

a
te
 
h
au

ls 
w

ere 
m

ade 
o
v
er 

a 
six

-d
a
y
 p

e
rio

d
. 

T
he 

G
u
ii 

C
o

astal 
F

ish
e
rie

s 
C

en
ter, 

G
alv

esto
n
, 

co
n
d
u
cted

 
a 

se
rie

s 
o
f 

ich
th

y
o

p
lan

k
to

n
 
su

rv
ey

s io 
m

o
n

ito
r 

ch
an

g
es 

in
 th

e 
ab

u
n
d
an

ce 
o
f 

fis
h
 

eg
g
s 

and 
la

rv
ae
 
in
 
c
o
a
sta

l 
w

aters 
o
f 

th
e 

G
u
ii 

o
f 

M
exico. 

O
n 

th
e 

P
a
c
ific

 
C

o
ast, 

p
lan

k
to

n
 

and 
la

rv
a
l 

fish
 
a
sse

ss­
m

en
ts 

w
ere 

u
n
d
ertak

en
 by 

th
e 

S
o

u
th

w
est 

F
ish

e
rie

s 
C

en
ter, 

L
a 

Jo
lla

, 
as 

p
a
rt 

o
f 

th
e 

C
alC

O
F

I 
P

rogram
m

e. 
Tw

o 
o

th
e
r 

c
o
u
n
trie

s 
p
a
rtic

ip
a
te

d
 
in
 
th

e 
1975 

C
al- 

C
O

FI 
su

rv
ey

s. 
M

exico 
su

rv
ey

ed
 
ich

th
y
o
p
lan

k
to

n
 
in
 

a 
se

rie
s 

o
f 

tra
n
se

c
ts 

ex
ten

d
in

g
 

C
alC

O
F

I 
co

v
erag

e 
so

u
th

w
ard

 
o
ff 

B
aja 

C
a
lifo

rn
ia
 

and 
th

e 
U

SSR
 

sam
pled 

fish
 

eggs 
and 

la
rv

ae
 

o
ff 

th
e 

C
a
lifo

rn
ia
 
C

o
ast 

d
u
rin

g
 

a 
th

ree-w
eek

 
p

erio
d
'. 

C
om

parisons 
on 

th
e 

zo
o

p
lan

k
to

n
 c

a
tc

h
in

g
 
e
ffic

ie
n
c
ie

s 
o
f 

th
e 

bongo 
and 

C
alC

O
F

I 
sam

p
lers 

co
n
tin

u
ed

. 
B

ased 
on a 

co
m

p
ariso

n
 

o
f 

90 
sam

p
les, 

th
e 

bongos 
c
o

lle
c
te

d
 

50rfo 
m

ore 
zo

o
p

lan
k

to
n
 
th

an
 
th

e 
C

alC
O

F
I 

n
e
ts.

P
lan

k
to

n
 

and 
la

rv
a
l 

su
rv

iv
a
l 

ex
p
erim

en
ts 

w
ere 

co
n

tin
u

ed
 

by NM
FS 

in
 

1975»
A

t 
th

e 
N

a
rra

g
a
n

se
tt 

L
ab

o
rato

ry
 
a b

io
e
n

e
rg

e
tic

 
m

odel 
w

as 
co

m
p
leted

 
fo

r 
a
n
a
ly

sis 
o
f 

fe
ed

in
g
 

and 
su

rv
iv

a
l 

o
f 

w
in

te
r 

flo
u
n
d
er, 

P
seu

d
o
p
leu

ro
n
ectes 

am
erican

u
s 

la
rv

a
e
. 

R
e
su

lts 
in

d
ic

a
te
 

a 
"
c
ritic

a
l 

p
erio

d
" 

o
f 

su
rv

iv
a
l 

d
u

rin
g
 
th

e 
IO
 

to
 

15 
days 

fo
llo

w
in

g
 
th

e 
ch

an
g

e 
from

, 
endogenous 

to
 

exogenous 
fe

ed
in

g
. 

W
ork 

a
t 

N
a
rrag

a
n

sett 
is
 

co
n
tin

u
in

g
 

on 
th

e m
etab

o
lism

 
o
f 

la
rv

a
l 

fish
e
s 

in
c
lu

d
in

g
 
h
ad

d
o
ck

, 
M

elanogram
m

us 
a
e
g

le
fin

u
s § 

y
e
llo

w
ta

il, 
L

im
anda fe

rru
g
in

e
a

; 
and 

scu
p

, 
S

ten
o
to

m
u
s 

c
h

ry
so

p
s. 

In
 
s
itu

 
o

b
serv

a
tio

n
s 

on 
th

e 
en

v
iro

n
m

en
tal 

c
o
n
d
itio

n
s 

in
flu

e
n
c
in

g
 
la

rv
a
l 

su
rv

iv
a
l 

w
ere 

co
n
tin

u
ed

 
a
t 

th
e 

S
o
u
th

w
est 

F
ish

e
rie

s 
C

en
ter, 

L
a 

Jo
lla

. 
O

b
serv

atio
n

s 
w

ere 
m

ade 
d
u
rin

g
 

1975 
on 

th
e 

d
istrib

u
tio

n
 

o
f 

la
rv

a
l 

fo
o
d
 
p
atch

es 
o
f 

p
h
y
to

p
lan

k
to

n
, 

p
a
rti­

c
u
la

rly
 
d

in
o

ila
g
e
lla

te
s 

and 
th

e 
su

rv
iv

a
l 

o
f 

anchovy 
la

rv
a
e
. 

R
e
su

lts 
in

d
ic

a
te
 
th

a
t
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la
rv

a
l 

su
rv

iv
a
l 

d
ep

en
d
s 

on 
th

e 
s
ta

b
ility

 
o
f 

th
e 

o
cean

ic 
reg

im
e 

and 
th

e 
a
g

g
reg

a
tio

n
 
o
f 

la
rv

a
l 

fo
o
d
 

o
rg

an
ism

s 
in

to
 

d
en

se 
p

a
tc

h
e
s„ 

W
here 

o
cean

o
­

g
rap

h
ic 

o
r m

e
teo

ro
lo

g
ic

al 
c
o
n
d
itio

n
s 

d
isru

p
t 

th
is 

s
ta

b
ility

, 
la

rv
ae
 

d
ie 

from
 
la

c
k
 
o
f 

food«

P
lan

k
to

n
/E

co
lo

g
y
 
In

v
e
stig

a
tio

n
s

In
v
e
stig

a
tio

n
s 

a
t 

th
e W

oods 
H

ole 
O

cean
o
g
rap

h
ic 

In
s
titu

tio
n
 

(W
H

O
I) 

w
ere 

co
n

tin
u

ed
 

on G
u
ii 

S
tream

 
co

ld
 

co
re 

.rin
g

s, 
la

rg
e
 
c
y
c
lo

n
ic 

ed
d
ies 

con­
sistin

g
 
o
f 

en
trap

p
ed
 

slo
p
e 

(su
b
-a

rc
tic

) 
w

a
ters, 

form
ed 

w
hen m

eanders 
o
f 

th
e 

G
u
ii 

S
tream

 
becom

e 
d
etach

ed
 

to
 

th
e 

so
u

th
 

o
f 

th
e 

stream
. 

T
hey p

e
rsist 

in
 

th
e 

S
arg

asso
 

S
ea 

fo
r p

e
rio

d
s 

up 
to
 

tw
o 

y
ears 

o
r 

lo
n
g
e
r and 

th
e
re 

m
ay 

be 
as 

m
any 

as 
a 

d
o
zen 

o
r m

ore 
p
re

sen
t 

in
 
th

e 
S

arg
asso

 
S

ea 
a
t 

any 
one 

tim
e. 

T
he 

rin
g
s 

p
ro

v
id

e 
u
n
iq

u
e 

s
ite

s
 
fo

r 
stu

d
y

in
g
 
in

te
ra

c
tio

n
s 

b
etw

een
 

tw
o 

o
cean

ic 
p
lan

k
to

n
 
co

m
m

u
n
ities 

and 
o

ffe
r 

ra
re
 

o
p
p
o
rtu

n
itie

s 
o
f 

d
istin

g
u
ish

­
in

g
 
b
etw

een
 
th

e 
e
ffe

c
ts 

o
f 

th
e 

p
h
y
sica

l 
ch

em
ical 

en
v

iro
n

m
en

t 
on 

th
e 

stru
c
tu

re
 

and 
fu

n
c
tio

n
 
o
f 

an 
o

cean
ic 

com
m

unity from
 
b
io

lo
g
ic

a
l 

in
te

ra
c
tio

n
s 

betw
een 

sp
ecies«

. 
C

u
rren

t 
re

se
a
rc

h
 
in

v
o

lv
es 

p
e
rio

d
ic
 
c
ru

ise
s 

on w
hich

 
m

easu
rem

en
ts 

are 
m

ade 
on p

h
y

to
p

lan
k

to
n

, 
zo

o
p

lan
k

to
n
 

and m
id

-w
ater 

fish
 

as 
w

e
ll 

as 
su

ite
s 

o
f 

h
y

d
ro

g
rap

h
ic 

m
easu

rem
en

ts 
w

ith
in
 
se

le
c
te

d
 rin

g
s 

a
d

jac
e
n

t 
S

arg
asso

 
S

ea w
a
ters, 

and 
th

e 
S

lo
p
e 

w
ater 

g
iv

in
g
 
ris

e
 

to
 

th
e 

rin
g
 

core«.

O
th

er 
a
sp

ec
ts 

o
f 

p
h
y
to

p
lan

k
to

n
 
sp

e
cie

s 
re

se
a
rc

h
 
a
t 

W
H

O
I, 

th
e 

B
igelow

 
L

ab
o
rato

ry
, 

a
t 

H
arv

ard
 U

n
iv

e
rsity

, 
a
t 

S
ta

te
 
U

n
iv

ersity
 

o
f 

H
ew
 

Y
ork, 

and 
th

e 
U

n
iv

e
rsity

 
o
f 

E
hode 

Isla
n
d
 
are 

stu
d
ie

s 
o
f 

th
e
ir 

d
istrib

u
tio

n
, 

bloom
 

dynam
ics 

and 
su

cc
e
ssio

n
 in

 
c
o
a
sta

l 
and 

o
cean

ic 
w

a
te

rs0 
In

clu
d
ed
 
in
 

th
ese 

stu
d
ie

s 
are 

co
m

p
arativ

e 
in

v
e
stig

a
tio

n
s 

o
f 

th
e 

g
e
n

e
tic 

p
ro

p
e
rtie

s 
o
f 

dia«» 
to

m
s, 

v
itam

in
-B
 
c
y
clin

g
, 

silic
o

n
 accu

m
u
latio

n
 
in

 re
la

tio
n
 
to
 
lig

h
t 

phy­
sio

lo
g

y
 

and 
n
itro

g
e
n
 
fix

a
tio

n
 

and 
c
y
c
lin

g
 
in
 
th

e 
S

arg
asso

 
S

ea. 
E

n
v
iro

n
­

m
en

tal 
p

h
y

sio
lo

g
y
 
o
f 

G
u
ii 

o
f 

M
aine 

p
h

y
to

p
lan

k
to

n
 
is
 
b
ein

g
 

exam
ined 

th
ro

u
g

h
 

p
e
rio

d
ic
 

o
b

se
rv

a
tio

n
s 

and 
assessm

en
ts 

o
f 

p
o
p
u
la

tio
n
 
stru

c
tu

re
, 

p
ro

d
u
c
tiv

ity
, 

lig
h
t 

p
e
n
e
tra

tio
n
, 

n
itro

g
e
n
 u

p
tak

e, 
carb

o
n
-1

4
 fra

c
tio

n
a
tio

n
, 

n
a
tu

re
 

o
f 

e
x

c
rete

d
 

o
rg

an
ic 

m
a
te

ria
l 

and m
easu

rem
en

t 
o
f 

e
le

c
tro

n
 
tra

n
sp

o
rt 

sy
stem

 
and A

TP 
a
c
tiv

ity
.

A
t 

W
H

O
I 

stu
d
ie

s 
o
f 

zo
o
p
lan

k
to

n
 
in

v
o
lv

e 
la

b
o
ra

to
ry
 

and 
fie

ld
 
o
b
se

rv
atio

n
s 

o
f 

fe
ed

in
g
, 

b
eh

av
io

u
r, 

d
istrib

u
tio

n
 an

d
 

sy
m

b
io

tic 
a
sso

c
ia

tio
n
s 

o
f 

sip
h
o
n
o
p
h
o
res, 

m
edusae, 

sa
lp

s 
an

d 
o
th

e
r g

e
la

tin
o
u
s 

o
rg

an
ism

s, 
zo

o
p
lan

k
to

n
 

p
a
tc

h
in

e
ss, 

and 
ex

p
erim

en
tal w

ork 
to
 
fu

rth
e
r 

c
la

rify
 
th

e 
ro

le
 

o
f 

re
stin

g
 

eg
g
s 

in
 
sp

e
cie

s 
o
f 

tem
p

erate 
co

p
ep

o
d

s 
w

h
ich 

ap
p
ear 

se
aso

n
a
lly

 
in
 
n
e
ritic

 
w

a
ters. 

Z
o
o
g
eo

g
rap

h
ie 

a
n
a
ly

sis 
o
f 

o
th

e
r 

zo
o
p
lan

k
ters 

co
n

tin
u

es 
e
sp

e
c
ia

lly
 

o
f 

d
ecap

o
d
, 

sto
m

ato
p
o
d
 
la

rv
a
e
 

and 
eu

p
h

au
siid

s»
 

T
he 

p
ro

d
u

c
tiv

ity
 

o
f 

c
o
n
tin

e
n
ta

l 
sh

e
lf 

w
aters 

o
ff 

G
eo

rg
ia 

and F
lo

rid
a
 
is 

b
ein

g
 
in

v
e
stig

a
te

d
 

th
ro

u
g

h
 

seaso
n
al 

stu
d

ie
s 

o
f 

p
lan

k
to

n
 

and 
b
en

th
o
s 

by 
th

e 
S

kidaw
ay 

In
s
titu

te
 

o
f 

O
cean

o
graph

y
. 

S
y
stem

atic 
and 

zo
o
g
eo

g
rap

h
ic 

stu
d

ie
s 

o
f 

co
p
ep

o
d
s 

in
 
th

e 
G

u
ii 

o
f 

M
exico 

and p
tero

p
o

d
a 

in
 
th

e 
S

arg
asso

 
S

ea 
are 

b
ein

g
 

co
n
d
u
cted

 
a
t 

T
exas 

A&M
 U

n
iv

e
rsity

.

U
... S o S o R o_

(A
oFo 

K
arp

ev
ich

 
& 

T
oK

. 
S

y
so

jev
a)

432 
p
h
y
to

p
lan

k
to

n
, 

1 
808 

zo
o

p
lan

k
to

n
 

and 
477 

eu
p
h
au

siid
 

sam
p
les 

w
ere 

c
o
lle

c
te

d
 
in
 

1975 
by 

th
e 

s
c
ie

n
tis

ts 
o
f 

th
e 

P
o

la
r R

esearch
 
In

s
titu

te
 

o
f 

M
arine 

F
ish

e
rie

s 
and 

O
ceanography 

(P
IR

R
O

). 
Q

u
a
n

tita
tiv

e
 
a
n
a
ly

sis 
o
f 

fe
e
d
in

g
 w

as 
m

ade 
fo

r 
592 

sp
ecim

en
s 

o
f 

cod fry
 

and 
225 

sp
ecim

en
s 

o
f 

a
d
u
lt p

o
la

r 
cod« 

1 
380 

p
lan

k
to

n
 

sam
p

les 
w

ere 
an

aly
sed

. 
T

he 
ab

u
n
d
an

ce 
o
f 

eu
p
h
au

siid
s 

in
 
th

e 
B

aren
ts 

S
ea 

in
 w

in
te

r w
as 

d
eterm

in
ed

^



tre
atm

en
t 

o
f 

th
e
se
 
d

a
ta
 g

av
e 

an 
id

e
a
 
o
f 

th
e 

ab
u
n
d
an

ce, 
d
istrib

u
tio

n
 and 

p
e
c
u
lia

ritie
s 

o
f 

th
e 

sp
e
c
ific

 
and 

ag
e 

co
m

p
o

sitio
n
 
o
f 

eu
p

h
au

siid
s 

in
 
th

e 
B

aren
ts 

S
ea 

in
 

1975° 
T

he 
d

a
ta 

o
b
tain

ed
 
c
h
a
ra

c
te

rise
 

th
e 

sum
m

er fo
o
d
 
b
ase 

fo
r 

co
m

m
ercial 

fish
e
s. 

A
n 

a
n

a
ly

sis 
w

as 
m

ade 
o
f 

th
e 

sp
rin

g
-su

m
m

er 
d
ev

elo
p

m
en

t 
o
f 

p
lan

k
to

n
 
c
o

lle
c
te

d
 
in
 

th
e 

so
u

th
w

estern
 
B

aren
ts 

S
ea 

in
 

1974° 
F

eed
in

g
 

o
f 

0
-g

ro
u
p
 

B
aren

ts 
S

ea 
cod 

o
f 

th
e 

1974 
y
e
a
r 

c
la

ss 
w

as 
stu

d
ie

d
.

B
ased 

on m
any y

e
a
rs0 

d
a
ta
 
in
 
th

e 
B

aren
ts 

S
ea 

eu
p
h
au

siid
s 

(1
9
5
5
-1

9
7
5
) 

fa
c
to

rs 
w

ere 
id

e
n
tifie

d
 w

hich
 
d
eterm

in
e 

th
e 

to
ta

l 
ab

u
n
d
an

ce 
o
f 

th
e
se

 
c
ru

sta
c
ea

n
s 

and 
th

e
 

an
n
u
al 

flu
c
tu

a
tio

n
 
in

 abundance®

E
x
p
erim

en
ts 

w
ere 

c
o
n
d
u
c
te

d
,a

rriv
in

g
 
a
t 

an u
n
d
erstan

d
in

g
 

o
f 

th
e 

seaso
n

al 
flu

c
tu

a
tio

n
s 

in
 b

a
c
te

rio
p
la

n
k
to

n
 
ab

u
n

d
an

ce, 
its

 
p
ro

d
u
ctio

n
 

and 
th

e 
e
ffic

ie
n

c
y

 
o
f 

b
a
c
te

ria
 
co

n
su

m
p

tio
n
 by 

zo
o

p
lan

k
to

n
 

o
rg

an
ism

s. 
It 

w
as 

fo
u

n
d
 
in
 
th

e 
case 

o
f 

th
e 

U
ra-C

uba In
le

t 
th

a
i 

th
e 

b
a
c
te

rio
p
la

n
k
to

n
 
c
o
n
c
e
n
tra

tio
n
s 

a
re 

su
ffic

ie
n
t 

to
 

m
eet 

th
e 

fo
o
d
 
req

u
irem

en
ts 

o
f 

zo
o
p
lan

k
to

n
.

In
 
th

e 
B

a
ltic

 
S

ea 
and 

th
e 

G
u
lf 

o
f 

R
ig

a 
64O 

sam
ples 

o
f 

zo
o
p
lan

k
to

n
 w

ere 
c
o

lle
c
te

d
 
in

 acco
rd

an
ce 

w
ith

 
stan

d
ard

 m
eth

o
d
s. 

T
he 

1949-1974 
d

a
ta
 w

ere 
a
iso

 
an

aly
sed

.. 
T

he 
re

su
lt w

as 
an 

assessm
en

t 
o
f 

zo
o
p
lan

k
to

n
 

ab
u
n
d
an

ce 
by 

seaso
n
s, 

by 
d
ep

th
 

and by 
a
re

a
s 

in
 
th

e 
B

a
ltic

 
S

ea 
snd 

th
e 

G
u
lf 

o
f 

R
ig

a. 
T

he 
p
ro

d
u
c
ti­

v
ity

 
and 

th
e 

ra
te
 

o
f 

m
etam

o
rp

h
o
sis 

fo
r A

c
a
rtia

 
and P

seu
d
o
calan

u
s 

w
ere 

stu
d

ie
d

.

V
a
ria

tio
n
s 

in
 
th

e 
co

m
p

o
sitio

n
 

and 
ab

u
n
d
an

ce 
o
f 

zo
o

p
lan

k
to

n
 th

ro
u

g
h
 

m
any 

y
ears 

(1
9
4
9
-1

9
7
4
) 

us 
w

ell 
as 

th
e 

re
g
u
la

ritie
s 

in
 p

lan
k
to

n
 
d

istrib
u

tio
n
 by 

sea 
a
rea

s 
(1

9
6

0
-1

9
7

4
) 

w
ere 

stu
d

ie
d

. 
T

he 
m

ain cau
ses 

w
hich 

d
eterm

in
e 

th
e
se

 
fa

c
to

rs 
w

ere 
re

v
e
ale

d
.

240 
sam

ples 
o
f 

n
ek

to
b

en
th

o
s 

w
ere 

c
o
lle

c
te

d
. 

T
he 

b
io

lo
g
y
, 

d
istrib

u
tio

n
 

and 
ch

an
g
es 

in
 
th

e
 

abundance 
o
f 

m
y

sid
s 

w
ere 

stu
d

ie
d
 
in
 
th

e 
G

u
lf 

o
f 

R
ig

a.
M

ethods 
fo

r 
q
u
a
n
tita

tiv
e
 

e
stim

a
tes 

o
f m

y
sid

s 
in

 v
a
rio

u
s 

b
io

to
p
e
s 

w
ere 

w
orked 

o
u
t.

2 
5OO 

h
e
rrin

g
 

and 
sp

ra
t 

sto
m

ach
s 

w
ere 

exam
ined fo

r 
fo

o
d
 
a
n
a
ly

sis. 
F

ood 
co

m
p
o
sitio

n
, 

fe
ed

in
g
 
in

te
n
sity

, 
tro

p
h
ic
 
re

la
tio

n
s 

and 
in

flu
e
n

c
e
 

o
f 

fe
e
d

in
g

 
c
o

n
d

itio
n

s 
on 

b
io

lo
g
ic

a
l 

c
h
a
ra

c
te

ristic
s 

o
f 

h
e
rrin

g
 

and 
sp

ra
t 

in
 
d
iffe

re
n
t 

p
e
rio

d
s 

o
f 

th
e
ir 

an
n
u
al 

cy
cle w

ere 
stu

d
ie

d
.






