
In
te

rn
a
tio

n
a
l 

C
o

u
n

cil 
fo

r 
th

e 
E

x
p
lo

ra
tio

n
 

o
f 

th
e 

S
ea

C
.M

. 
1
9
7
5
/L

sI 
A

d
m

in
istrativ

e 
R

ep
o
rt

PLA
N

K
TO

N
 

CO
M

M
ITTEE 

(D
.H

. 
C

u
sh

in
g
)

1974

B
elgium

 

(R
. 

de 
C

lerck
)

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 

of 
so

le 
eggs 

and 
la

rv
ae
 

w
as 

co
n
tin

u
ed
 

d
u
rin

g
 

1
9
7
4

*

T
he 

sam
p
lin

g
 

to
o

k
 
p

la
c
e 

fro
m
 M

arch 
till 

Ju
n
e 

on 
43 

sta
tio

n
s 

alo
n
g
 
th

e 
B

elg
ian

 
c
o

a
st.

T
h
is 

stu
d
y
 

show
s 

th
a
t 

th
e 

stre
n
g
th
 

o
f 

th
e
 
y
ear 

c
la

ss 
1974 

o
f 

so
le

s 
w

as 
p
o
o

r.

In
 
a
d
d
itio

n
 
th

e 
fo

llo
w

in
g
 
sp

e
cie

s 
o
ccu

rred
 

d
u
rin

g
 

sam
p
lin

g
 

:

S
p
ra

ttu
s 

sp
ra

ttu
s E

n
g

ra
u

lis 
e
n

c
ra

sic
h
o
lu

s, 
L

im
anda 

lim
an

d
a, 

P
latich

th
y
s 

fle
s
u
s

, 
R

hom
bus 

m
axim

us, 
T

rach
in

u
s 

v
ip

e
ra

, 
T

rig
la
 
g
u
rn

ard
u
s 

and 
C

allio
n

y
m

u
s 

ly
ra

.

C
anada 

(T
. 

P
la

tt)

In
 A

u
g
u
st 

a 
c
ru

ise
 w

as 
m

ade 
to
 

th
e 

zone 
o
f 

presum
ed u

p
w

ellin
g
 
o
ff 

th
e 

Y
arm

outh 
a
re

a
 

o
f 

so
u
th
 w

est 
N

ova 
S

c
o
tia

. 
T

em
p
eratu

re, 
s
a
lin

ity
, 

p
h
y
to

­
p
lan

k
to

n
 
n
u
trie

n
ts, 

c
h
lo

ro
p
h
y
ll 

and 
p
a
rtic

u
la

te
 

carb
o
n
 
c
o
n
c
e
n
tra

tio
n
, 

p
h
y
to

p
lan

k
to

n
 
c
e
ll 

num
bers 

^4c 
u
p
tak

e 
and 

zo
o
p
lan

k
to

n
 b

io
m

ass 
w

ere 
m

easu
red

 
a
t 

47 
sta

tio
n
s. 

In
 
a
d
d
itio

n
 
th

re
e
 

se
le

c
te

d
 
sta

tio
n
s 

w
ere 

o
ccu

p
ied

 
fo

r 
26 

h 
c
o
n

tin
u

o
u

sly
. 

T
he 

re
su

lts 
from

 
th

is 
c
ru

ise
 

h
av

e 
b
een

 
an

aly
sed

 
and 

p
u
b
lish

ed
 

in
 
T

ech
n
ical 

R
e
p
o
rt^

5
2
4
 

o
f 

th
e 

F
ish

e
rie

s 
and M

arin
e 

S
e
rv

ice
. 

P
re

lim
in

ary
 

in
te

rp
re

ta
tio

n
 
su

p
p
o
rts 

th
e 

v
iew

 
th

a
t 

th
e 

w
ater 

in
 

th
e 

v
ic

in
ity

 
o
f 

Y
arm

outh 
is
 
ric

h
e
r 

in
 
n

u
trie

n
ts 

and 
h
ig

h
e
r 

in
 
p
ro

d
u
c
tiv

ity
 
th

an
 
th

e
 

su
rro

u
n
d
in

g
 w

ater 
on 

th
e 

S
h
e
lf.

A
t 

th
e M

arine 
E

co
lo

g
y
 
L

ab
o
rato

ry
 w

ork 
h

as 
co

n
tin

u
ed
 

on 
th

e 
in

v
e
stig

a
tio

n
 

of 
th

e 
re

la
tio

n
sh

ip
 

b
etw

een
 
sp

a
tia

l 
stru

c
tu

re
 

o
f 

p
h

y
to

p
lan

k
to

n
 
p
o
p
u
la

tio
n
s 

and 
th

e 
p
h
y
sic

a
l 

stru
c
tu

re
 

o
f 

th
e 

m
ixed 

la
y
e
r. 

P
ow

er 
sp

e
c
tra

 
o
f 

ch
lo

ro
p

'h
y

ll 
flu

c
tu

a
tio

n
s 

a
re 

sim
ila

r 
to
 

th
o
se 

o
f 

tem
p
eratu

re 
fo

r 
h
o
riz

o
n
ta

l 
sc

a
le

s 
b

etw
een

 
ab

o
u
t 

LOO m
 

and 
5 

km
. 

T
hey 

are 
c
o

n
siste

n
t 

w
ith

 
th

e 
sp

e
c
tra

 
one 

ex
p

ects 
to
 
fin

d
 

in
 

a 
s
tra

tifie
d
 

m
edium

 w
hen 

tu
rb

u
le

n
c
e 

and 
in

te
rn

a
l 

w
aves 

a
re 

p
re

se
n
t. 

F
o
r 

sc
a
le

s 
g

re
a
te

r 
th

an
 
ab

o
u

t 
5 

km
 
tem

p
eratu

re 
and 

c
h
lo

ro
p
h
y
ll 

sp
e
c
tra

 
d
iv

e
rg

e
, 

it 
is 

th
o
u
g
h
t 

th
a
t 

in
 
th

is 
ran

g
e 

b
io

lo
g
ic

a
l 

p
ro

c
esse

s 
b
eg

in
 
to
 

d
o
m

in
ate 

o
v
er 

p
h
y
sic

a
l 

o
n
es 

in
 
c
o
n
tro

llin
g
 

th
e 

d
istrib

u
tio

n
 

o
f 

c
h
lo

ro
p
h
y
ll. 

In
 
Ju

ly
, 

tw
o 

c
ru

ise
s 

w
ere 

m
ade 

on 
th

e
 

S
c
o
tian

 
S

h
elf 

u
sin

g
 

a 
p
o
rp

o
isin

g
 

tow
ed 

body fitte
d

 
w

ith
 

a 
STD

 
and 

a 
co

n
tin

u
o

u
s 

flu
o
ro

m
e
te

ri 
T

h
is 

allo
w

ed
 

a 
c
o
lle

c
tio

n
 

o
f 

d
a
ta 

on 
th

e 
3

-R
iftieftsio

n
al 

d
istrib

u
tio

n
 

o
f 

c
h

lo
ro

p
h

y
ll 

and 
p
h
y
sic

a
l 

v
a
ria

b
le

s. 
It 

is 
th

o
u
g
h
t 

p
o
ssib

le
 
th

a
t 

w
ith

 
th

e
se
 

d
a
ta 

th
e 

e
ffe

c
ts 

o
f 

in
te

rn
a
l 

w
aves 

can
 

be



2 
-

se
p
ara

te
d
 

from
 
o

th
e
r 

m
echanism

s 
c
o
n
tro

llin
g
 

th
e 

lo
c
a
l 

ab
u
n
d
an

ce 
o
f 

p
h
y
to

p
lan

k
to

n
«
 

A
n
aly

sis 
o
f 

th
e 

d
a
ta 

is
 

co
n

tin
u

in
g

«

E
x
p
erim

en
ts 

have 
b

een
 

co
n
d
u
cted

 
on 

th
e 

p
o
s
s
ib

ility
 

o
f 

stim
u
la

tin
g

 
p
rim

ary
 
p
ro

d
u
ctio

n
 
in
 
th

e 
c
o
a
sta

l 
rn

le
ts 

o
f 

N
ova 

S
c
o
tia by 

a
rtific

ia
l 

u
p

w
ellin

g
o
 

C
o
n
tro

lle
d
 
a
d

d
itio

n
s 

o
f 

b
o
tto

m
 w

ater 
to
 

su
rfac

e
 
w

ater 
in

 
v

itro
 

h
av

e 
b

een
 m

ade 
to
 

m
easu

re 
th

e 
q
u
a
n
tita

tiv
e
 

resp
o
n
se 

o
f 

th
e 

su
rfa

c
e 

p
h
y
to

p
lan

k
to

n
 

com
m

unity« 
T

he 
o
p
tim

al 
en

rich
m

en
t 

o
f 

b
o

tto
m
 w

ater 
to
 

su
rfa

c
e 

w
ater 

to
 

stim
u
la

te
 

p
rim

ary
 p

ro
d
u
ctio

n
 is

 
0

«?

M
axim

um
, p

ro
d

u
c
tiv

ity
 

% 
b
io

m
ass 

ra
tio

 
w

as 
reach

ed
 

ab
o
u
t 

5 
d
ay

s 
a
fte

r 
e
n

ric
h

­
m

ent «

.hevel.opm
.ent 

is
 
c
o
n
tin

u
in

g
 

on 
th

e 
h

ig
h
 freq

u
en

cy
 

so
n
ar 

tech
n

iq
u

e 
fo

r 
ra

p
id

 
assessm

en
t 

o
f 

eu
p
h
au

siid
 

sto
ck

s 
in

 the G
u
ii 

o
f 

S
t 

L
aw

rence« 
C

o
n
cen

tratio
n

 
on 

eu
p
h
au

siid
s 

up 
to
 

4 
g w

et 
w

eig
h

t 
p

e
r 

cu
b
ic 

m
eter h

av
e 

b
een

 fo
u
n
d
. 

In­
a
d
d
itio

n
 
d

a
ta h

av
e 

b
een

 
c
o

lle
c
te

d
 

on 
th

e 
b

eh
av

io
u

r, 
fe

e
d

in
g
 
h
a
b
its, 

age 
stru

c
tu

re
 

and 
sp

e
cie

s 
d
istrib

u
tio

n
 

o
f 

th
e
se
 

an
im

als«
 

S
im

u
ltan

eo
u
s 

m
easu

rem
en

ts 
w

ere 
m

ade 
u
sin

g
 
co

n
tin

u
o

u
s 

flu
o
ro

m
etry

 
and 

co
n
tin

u
o
u
s 

h
ig

h
 

freq
u
en

cy
 

so
n
ar«
 

A
 h

ig
h
 
p
o
sitiv

®
 
c
o
rre

la
tio

n
 w

as 
fo

u
n
d
 b

etw
een

 
c
h
lo

ro
p
h
y
ll 

c
o

n
ce

n
tra

tio
n
 

and 
eu

p
h

au
siid

 
ab

u
n
d
an

ce.

A. 
re

-e
x
a
m

in
a
tio

n
 ha.s 

b
een m

ade 
o
f 

th
e 

a
v

a
ila

b
le
 
th

e
o
re

tic
a
l 

tech
n
iq

u
es 

fo
r 

th
e 

m
o
d
ellin

g
 

and 
p
re

d
ic

tio
n
 

o
f 

m
arin

e 
p
rim

ary
 p

ro
d
u
c
tio

n
. 

P
u
b
lish

ed
 

th
e
o
re

tic
a
l 

d
e
sc

rip
tio

n
s 

o
f 

th
e 

p
h
o
to

sy
n
th

esis 
lig

h
t 

cu
rv

e 
h
av

e 
a
li 

b
een

 
ex

p
ressed

 
in
 

term
s 

o
f 

th
e 

sam
e 

p
aram

eters 
fo

r 
ease 

o
f 

co
m

p
ariso

n
«
 

A
li 

o
f 

th
e 

m
odels 

h
av

e 
b

een
 
in

te
g
ra

te
d
 

o
v
er 

d
ep

th
 

and 
tim

e» 
T

he 
fu

n
d

am
en

tal 
lim

i­
ta

tio
n
s 

w
hich

 
e
x
ist 

on p
re

d
ic

ta
b
ility
 

in
 
th

e 
m

arin
e 

en
v
iro

n
m

en
t, 

p
a
rti­

c
u
la

rly
 p

re
d

ic
tio

n
 

o
f 

p
rim

ary
 p

ro
d
u
ctio

n
 h

av
e 

b
een

 
in

v
e
stig

ate
d
«
 

T
h
is 

w
ork 

is
 
a
v

a
ila

b
le
 

as 
T

ech
n
ical 

R
ep

o
rt^

5
2
3
°

A
t 

th
e 

U
n

iv
e
rsity

 
o
f 

B
ritish

 
C

olum
bia w

ork 
is
 

c
o
n
tin

u
in

g
 

on 
stu

d
ie

s 
o
f 

c
o

n
tro

lle
d
 a

q
u

a
tic 

eco
sy

stem
s 

(C
E

PE
X

)« 
L

ast y
e
a
r 

su
c
c
e
ssfu

l 
ex

p
erim

en
ts 

w
ere 

c
a
rrie

d
 

o
u
t 

on 
to

ta
l 

p
e
la

g
ia
 

eco
sy

stem
s 

h
eld

 
in
 
s
ix

,70 
to

n
 
p

la
stic

 
co

n
tain

ers«
 

T
hese 

ex
p
erim

en
ts 

w
ere 

d
esig

n
ed
 
to
 
te

s
t 

th
e
 
e
ffe

c
t 

o
f 

v
ery

 
low

 
c
o
n
c
e
n
tra

tio
n
s 

o
f 

co
p
p
er 

an
d h

y
d
ro

carb
o
n
 
in

 m
arin

e 
eco

sy
stem

s«
 

In
 

a
d
d

itio
n
 w

ork 
is
 
c
o
n
tin

u
in

g
 

on m
etal 

a
v
a
ila

b
ility

 
in
 
c
o
a
sta

l 
w

aters 
w

ith
 

em
p

h
asis 

on th
e 

to
x
ic

ity
 
o
f 

co
p

p
er 

an
d 

zin
a 

an
d 

d
iffe

re
n

t w
ater 

ty
p
es«

O
n th

e
 
sp

e
c
ific

 
q
u
e
stio

n
 
o
f 

a
lg

a
l 

bloom
s 

C
anada h

as 
h
ad
 
little

 
co

n
cern

 
(in

 
th

e 
m

arin
e 

en
v
iro

n
m

en
t) 

w
ith

 
d
e
trim

e
n
ta

l 
e
ffe

c
ts, 

ex
cep

t 
fo

r 
th

e 
o
ccu

rren
ce 

o
f 

p
a
ra

ly
tic
 
sh

e
llfish

 p
o
iso

n
in

g
 
a
sso

c
ia

te
d
 w

ith
 

bloom
s 

o
f 

th
e
 
p
ian

o
to

n
ic
 

m
arin

e 
d

in
o

fla
g

e
lla

te
 

G
onyaulax 

ta
m

a
ren

sis. 
S

in
ce 

1860 
o

v
er 

200 
re

p
o
rte

d
 
illn

e
sse

s 
and 

23 
d

eath
s 

have 
b
een

 a
sso

c
ia

te
d
 w

ith
 

th
is 

phenom
enon in

 C
anada« 

A 
re

c
e
n
t 

rev
iew

 
is
 
a
v
a
ila

b
le
 

(P
a
ra

ly
tic

 
S

h
e
llfish

 
P

o
iso

n
in

g
' in

 E
a
ste

rn
 C

anada« 
1971 « 

A
« 

P
rak

ash
, 

J«C
« 

M
edoci, 

an
d A«.Do 

T
ennant« 

B
u

lle
tin

17"', 
F

ish
e
rie

s 
R

esearch
 B

oard
 
o
f 

C
anada)« 

C
o
n
sid

erab
le 

w
ork ha.s 

b
een

 
done 

in
 
e
a
ste

rn
 

C
anada 

a
t 

th
e 

M
arin

e 
E

co
lo

g
y
 L

ab
o

rato
ry

 
on 

th
e 

g
e
n
e
ra

l 
p
ro

p
e
rtie

s 
o
f 

n
o

n
d
e
trim

e
n
ta

l 
a
lg

a
l 

bloom
s« 

T
he 

m
ost 

re
c
e
n
t 

o
f 

th
e
se
 
is 

a
v

a
ila

b
le
 

aá 
T

ech
n
ical 

R
ep

o
rt 

423 
(P

rim
ary

 P
ro

d
u
c
tiv

ity
 

an
d N

u
trie

n
t 

M
easu

rem
en

ts 
on th

e 
S

p
rin

g
 P

h
y

to
p

lan
k

to
n
 B

loom
 
in
 B

ed
fo

rd
 

B
asin

, 
1971. 

1973° 
T

rev
o

r P
la

tt, 
B« 

Irv
in

 and D
«V

0 
S

ubba R
ac« 

F
ish

e
rie

s 
R

esearch
 

B
oard

 
o
f 

C
an

ad
a)

% 
re

fere
n

c
e
s can

 be 
fo

u
n

d
 
in
 it 

to
 
p

rev
io

u
s 

stu
d
ies«
 

A
 
g

e
n

e
ra

lisa
tio

n
 w

hich
 

m
ig

h
t 

be 
m

ade 
is
 
th

a
t 

d
u

rin
g
 
th

e
se

 
bloom

s 
SOJo 

o
f 

th
e
 
v
a
rian

c
e 

in
 p

rim
ary

 
p
ro

d
u
ctio

n
 can

 be 
acco

u
n
ted

 
fo

r 
by 

c
h

lo
ro

p
h

y
ll 

and 
lig

h
t-«
 

K
now

ledge 
o
f 

th
e 

a
v
a
ila

b
le
 
in

o
rg

an
ic 

n
u
trie

n
ts 

add 
re

la
tiv

e
ly

 little
 

io
 

our- a
b
ility

 
to
 
p

re
d

ic
t 

th
e 

tu
rn

o
v
e
r 

tim
e«



- 
3 

-

D
enm

ark 

(E
0 

S
m

id
t)

H
om

e 
W

aters

B
esid

es 
p
a
rtic

ip
a
tio

n
 
in
 

th
e 

an
n
u
al 

IC
E

S 
h
e
rrin

g
 
la

rv
ae
 

program
m

e, 
no 

p
lan

k
to

n
 
re

se
a
rc

h
 w

ork h
as 

b
een

 
c
a
rrie

d
 
o

u
t.

W
est 

G
reen

lan
d
 W

aters * 1

A
s 

in
 
p

rev
io

u
s 

y
e
a
rs, 

ro
u
tin

e
 

stram
in
 n

e
t 

sam
p
les 

(2 
m
 
rin

g
 
d
iam

eter,
-§- h

o
u
r 

o
b
liq

u
e 

h
au

ls 
from

 
ab

o
u

t 
50 

m 
d
ep

th
) 

w
ere 

tak
en
 

on 
4 

e
a
st-w

e
st 

h
y
d
ro

g
rap

h
ic 

stan
d
ard

 
se

c
tio

n
s 

in
 

th
e 

D
av

is 
S

tra
it 

in
 
Ju

ly
, 

p
rim

a
rily

 
fo

r 
e
stim

a
tin

g
 

num
bers 

o
f 

cod 
la

rv
ae
 
- 

fis
h
 

eggs 
and 

la
rv

ae
 

and 
in

v
e
rte

­
b

ra
te

s 
w

ere 
so

rte
d
 

and 
co

u
n
ted

 
- 

and 
th

e 
in

v
e
stig

a
tio

n
s 

w
ill 

be 
co

n
tin

u
ed

in
 

1975.

F
e
d
e
ra

l 
R

ep
u
b
lic 

o
f 

G
erm

any

(j. 
L

enz)

1. 
In

s
titu

t 
fü

r M
eeresfo

rsch
u

n
g
 

an 
d
er 

U
n
iv

e
rsitä

t 
K

iel

T
he 

lo
n
g
-term

 
o
b
serv

a
tio

n
s 

on 
th

e 
stan

d
in

g
 

sto
ck
 

o
f 

p
h
y
to

p
lan

k
to

n
, 

zo
o

p
lan

k
to

n
 

and d
e
tritu

s 
in
 re

la
tio

n
 
to
 

en
v
iro

n
m

en
tal 

fa
c
to

rs 
a
t 

th
e 

fix
e
d
 
sta

tio
n
 B

o
k
n
is 

E
ck 

- 
w

h
ich 

is 
re

p
re

se
n

ta
tiv

e
 
fo

r 
th

e 
w

estern
 

K
iel 

B
ig

h
t 

(W
estern

 B
a
ltic

) 
- 

w
ere 

co
n
tin

u
ed

 
fo

r 
th

e 
1
8
th
 y

e
a
r.

T
h
is 

d
a
ta 

c
o
lle

c
tio

n
 

p
ro

v
es 

v
ery

 v
a
lu

ab
le 

in
 
d
em

o
n
stratin

g
 

th
e 

seaso
n

al 
and 

an
n

u
al 

flu
c
tu

a
tio

n
s 

o
f 

p
h
y
sic

a
l, 

ch
em

ical 
and 

b
io

lo
g
ic

a
l 

p
aram

eters 
in
 
th

is 
tra

n
sitio

n
 
a
rea

 
b
etw

een
 N

o
rth

 
S

ea 
and 

B
a
ltic

. 
In
 

1974 
‘the 

m
easu

rem
en

ts 
co

m
p

rised
 

tem
p
eratu

re, 
s
a
lin

ity
, 

oxygen, 
to

ta
l 

p
h
o
sp

h
o
ru

s, 
se

sto
n
, 

p
ro

te
in

, 
c
h
lo

ro
p
h
y
ll 

a, 
o

rg
an

ic 
carb

o
n
, 

o
rg

an
ic 

n
itro

g
e
n

, 
and 

c
a
lo

ric
 
v
alu

e 
o
f 

p
a
rtic

u
la

te
 
m

a
tte

r 
in

 w
ater 

sam
p

les 
tak

en
 from

 
6 

stan
d
a
rd
 
d
ep

th
s 

and 
from

 
th

e 
m

ain 
th

erm
o
clin

e 
w

here 
p
re

se
n
t. 

In
 
a
d

d
itio

n
 

th
e 

to
ta

l 
am

ount 
o
f 

p
lan

k
to

n
 
in
 
th

e w
ater 

colum
n 

is
 

sam
p
led w

ith
 
th

re
e

 
m

esh 
siz

e
s 

(5'6, 
100, 

300 
jiin) 

and 
an

aly
sed

 
fo

r 
d
ry
 w

eig
h
t, 

o
rg

an
ic 

m
a
tte

r 
and 

c
a
lo

ric
 

c
o
n
ten

t. 
.

T
he 

o
b
se

rv
a
tio

n
s 

a
t 

B
o
k
n
is 

E
ck 

h
av

e 
b
een

 
in

te
n
sifie

d
 
sin

c
e 

1972 
w

ith
in

 
th

e 
fram

ew
ork 

o
f 

a m
u
ltid

isc
ip

lin
e
 

program
m

e 
e
n
title

d
 

"E
x

ch
an

g
es 

b
etw

een
 

w
ater 

and 
sea 

b
o
tto

m
" 

sp
o
n
so

red
 

by 
th

e 
G

erm
an R

esearch
 A

sso
c
ia

tio
n
. 

A
t 

a 
n

earb
y
 
sta

tio
n
 
p
h
y
sic

a
l, 

ch
em

ical 
(F

O
-, 

, 
N

O
,, 

N
H
,, 

d
isso

lv
e
d
 

C
) 

and
b
io

lo
g
ic

a
l 

p
aram

eters 
(co

m
p

o
sitio

n
 
o
f^

se
sto

n
, 

p
h

y
to

p
lan

k
to

n
 

and 
zo

o­
p
lan

k
to

n
 

ab
u
n
d
an

ce 
an

d 
sp

e
cie

s 
co

m
p

o
sitio

n
) 

w
ere 

m
easu

red
 
a
t 

fo
rtn

ig
h
tly

 
in

te
rv

a
ls. 

In
 
a
d
d
itio

n
 
to
 
th

e
 
a
n

a
ly

sis 
o
f 

th
e 

stan
d
in

g
 
sto

ck
, 

p
rim

ary
 

p
ro

d
u

c
tiv

ity
 w

as 
m

easu
red

 
by 

th
e 

4C 
in
 
s
itu

 
te

c
h
n
iq

u
e
. 

T
he 

d
a
ta
 
o

b
tain

ed
 

re
v

e
ale

d
 
in

te
re

stin
g
 
re

su
lts 

re
g
ard

in
g
 

th
e 

seq
u
en

ce 
o
f 

p
h

y
to

p
lan

k
to

n
 

bloom
s 

and 
th

e 
ra

te
 

o
f 

p
rim

ary
 
p

ro
d

u
c
tiv

ity
 
in
 
th

e 
co

u
rse 

o
f 

th
e 

y
e
a
r.

T
he 

p
u
b
lic

a
tio

n
 
is 

in
 
p
re

p
a
ra

tio
n
.

W
ith

in
 
th

e 
sam

e 
program

m
e, 

th
e 

sed
im

en
tatio

n
 
o
f 

p
lan

k
to

n
 

and 
d

e
tritu

s 
w

as 
stu

d
ie

d
 w

ith
 
th

e 
h

elp
 

o
f 

sp
e
c
ia

lly
 

d
ev

elo
p
ed
 
in
 
s
itu

 
sam

p
lers 

p
o
sitio

n
e
d
 
c
lo

se
 

to
 

th
e 

b
o

tto
m

. 
E

x
p
erim

en
tal 

in
 
s
itu

 w
ork 

on 
th

e 
en

clo
su

re 
o
f 

a 
la

rg
e
 
w

ater 
colum

n 
from

 
th

e 
su

rfa
c
e 

to
 
th

e
 

b
o
tto

m
 

by m
eans 

o
f 

p
la

stic
 

b
ag

s 
w

as 
co

n
tin

u
ed

.

P
lan

k
to

n
 w

ork 
in
 
th

e 
M

arin
e 

P
o

llu
tio

n
 P

rogram
m

e 
(TG

 
6

3
, 

F
e
d

e
ra

l 
M

in
istry

 
o
f 

S
cien

ce 
and 

T
ech

n
o
lo

g
y
) 

d
e
a
lt 

w
ith

 
th

re
e 

m
ain 

to
p

ic
s 

:
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1) 
T

he 
in

flu
e
n

c
e
 

o
f 

sew
age 

on 
th

e 
d
istrib

u
tio

n
 

o
f 

p
lan

k
to

n
 

and 
p
rim

ary
 

p
ro

d
u
c
tio

n
 

P
rim

ary
 p

ro
d
u
ctio

n
 

and 
re

la
te

d
 
p

h
y

sic
a
l, 

ch
em

ical 
and 

b
io

lo
g
ic

a
l 

p
aram

eters 
w

ere 
m

easu
red 

a
t 

th
re

e
 
sta

tio
n

s 
(in

n
e
r 

K
iel 

F
jo

rd
, 

K
iel 

sew
age 

o
u
tle

t 
a
t 

B
ü

lk
, 

o
u

te
r 

K
iel 

F
jo

rd
) 

tw
ice 

a 
m

onth»

2) 
In
 
s
itu

 
ex

p
erim

en
ts 

on 
th

e 
in

flu
e
n

c
e
 

o
f 

d
iffe

re
n

t 
c
o
n
c
e
n
tra

tio
n
s 

o
f 

m
ain

ly
 
d

o
m

estic 
sew

age 
on n

a
tu

ra
l 

p
lan

k
to

n
 p

o
p
u
latio

n
s»
 

S
ew

age 
co

n­
c
e
n
tra

tio
n
s 

o
f 

0
„5

/ 
a-nd 

2
/ w

ere 
ad

d
ed 

to
 

en
clo

sed
, w

ater 
b
o
d
ies 

(800 
l). 

P
h

y
to

p
lan

k
to

n
 

d
ev

elo
p
m

en
t, 

ch
an

g
es, in

 
th

e 
co

m
p
o
sitio

n
 

o
f 

p
a
rtic

u
la

te
 

m
a
tte

r 
(c

/n
 ra

tio
) 

and 
e
sp

e
c
ia

lly
 
o
f 

p
h

o
sp

h
o

ru
s 

in
 
its

 
d
iffe

re
n
t 

fra
c
tio

n
s 

w
ere 

o
b
serv

ed
 
d
a
ily

 
in

 b
o
th
 
th

e 
p

la
s
tic

 
b
ag

s 
and 

in
 
a 

c
o
n
tro

l 
b
ag w

ith
o

u
t 

sew
age»

5) 
T

he 
d
e
term

in
a
tio

n
 

o
f 

h
eav

y
 m

etals 
in
 
se

sto
n
. 

A 
new

 
m

ethod w
as 

d
ev

elo
p
ed

 
w

here 
th

e 
d
ry
 
co

m
b
u
stio

n
 
ta

k
e
s 

p
la

c
e 

in
 
th

e 
m

easu
rin

g
 v

e
sse

l 
its

e
lf 

on 
th

e 
ato

m
ic 

a
b
so

rp
tio

n
 
sp

e
ctro

m
ete

r. 
In
 
c
o
n
tra

st 
to
 

th
e 

o
ld
 

m
ethod 

w
hich

 w
as 

b
ased

 
on 

a w
et 

co
m

b
u
stio

n
, 

th
e 

q
u

a
n

tity
 

o
f 

se
sto

n
 re

q
u
ire

d
 
is

 •
' 

m
uch 

lo
w

er. 
B

oth 
m

ethods 
are 

ap
p
ro

x
im

ately
 
e
q
u
a
lly

 
p

re
c
ise

. 
T

he 
co

n
­

c
e
n
tra

tio
n
 
o
f 

h
eav

y
 m

etals 
in
 
se

sto
n
 w

as 
m

easu
red

 
by 

th
e 

new
 

m
ethod 

on 
a 

c
ru

ise
 

to
 

th
e 

B
a
ltic

 
p
ro

p
e
r0

A
p

art 
from

 
th

e 
above 

program
m

e 
th

e 
se

aso
n

a
l 

in
flu

e
n

c
e
 

o
f 

p
o
llu

tio
n
 w

as 
stu

d
ie

d
 
alo

n
g
 

a 
se

c
tio

n
 

from
 
th

e 
in

n
e
r 

K
iel 

F
jo

rd
 
to
 

th
e 

open K
iel 

B
ig

h
t 

to
g
e
th

e
r w

ith
 
th

e 
d

ep
artm

en
t 

o
f 

m
icro

b
io

lo
g
y
. 

T
he 

m
o

n
th

ly
 

sam
p
lin

g
 
p
ro

­
gram

m
e 

co
v
ered

 
4 

sta
tio

n
s 

and 
in

clu
d

ed
 
b
e
sid

e
s 

th
e 

above 
m

en
tio

n
ed
 

com
­

p
o
n
en

ts 
o
f 

p
a
rtic

u
la

te
 
m

a
tte

r 
th

e 
a
n

a
ly

sis 
o
f 

lip
id

s
, 

carb
o
h
y
d
rates 

and 
A

T
P.

S
tu

d
ies 

on 
th

e 
d
istrib

u
tio

n
, 

ab
u
n
d
an

ce, 
and 

eco
lo

g
y
 

o
f 

p
e
la

g
ic
 
fis

h
 

eggs 
and 

la
rv

a
e
 

have 
b
een

 
co

n
tin

u
ed
 
in
 
se

v
e
ral 

a
rea

s 
§

A
n
aly

sis 
h

as 
ad

v
an

ced 
in
 
th

e 
m

a
te

ria
l 

sam
pled 

in
 p

rev
io

u
s 

y
ears 

by RY 
"M

eteo
r" 

in
 
th

e 
u

p
w

ellin
g
 
a
re

a
 
o
ff 

th
e 

n
o
rth

w
est A

fric
a
n
 
c
o
a
st 

and 
by 

RY 
"W

alth
er H

erw
ig

i 
in
 
th

e 
N

o
rth

 A
tla

n
tic

 
alo

n
g
 
th

e 
F

aro
e-S

h
etlan

d
 

R
idge 

("O
v

erflo
w

'9 
program

m
e), 

In
 
th

e 
n
o
rth

-w
est 

A
tla

n
tic
 
in
 
th

e 
G

eo
rg

e8 s 
B

ank- 
G

u
lf 

o
f 

M
aine 

a
re

a
, 

su
rv

ey
s 

e
sp

e
c
ia

lly
 
o
f 

la
rv

a
l 

h
e
rrin

g
 w

ere 
carried

, 
o
u
t 

in
 
sp

rin
g
 

and 
autum

n w
ith

in
 

th
e 

sco
p
e 

o
f 

I0N
A

F
| 

th
e 

re
s
u

lts 
o
f 

th
is 

su
rv

ey
 program

m
e 

in
 p

rev
io

u
s 

y
ears 

have 
b
een

 
sum

m
arised 

in
 

IC
N

A
F 

re
se

a
rc

h
 

docum
ents »

W
ith

in
 
th

e 
sco

p
e 

o
f 

IC
E

S
, 

h
e
rrin

g
 
la

rv
ae
 

w
ere 

su
rv

ey
ed
 
in
 
th

e 
so

u
th

ern
 

and n
o
rth

e
rn
 N

orth. 
S

ea 
in
 w

in
ter 

and 
autum

n re
sp

e
c
tiv

e
ly

. 
In
 
c
o

n
ju

n
c
tio

n
 

w
ith

 
th

is 
sam

p
lin

g
 

program
m

e 
stu

d
ie

s 
@

n 
th

e 
e
ffe

c
t 

o
f 

m
ech

an
ical 

stre
ss 

on 
fish

 
eg

g
s 

and 
o
f 

o
il 

p
o

llu
tio

n
 

on fis
h
 
la

rv
a
e
 

h
av

e 
b

een
 rnade^ 

in
 

a
d
d
itio

n
, 

th
e 

fo
o
d
 

su
p
p
ly
 
fo

r 
fis

h
 
la

rv
ae
 

h
as 

b
een

 m
o
n
ito

red
. 

T
he 

o
ccu

rren
ce 

and 
d
istrib

u
tio

n
 
o
f 

.fish
 
la

rv
ae
 

in
 
th

e 
sum

m
er 

p
lan

k
to

n
 
o
f 

th
e 

N
o
rth

 
S

ea 
w

as 
stu

d
ied

 
d
u
rin

g
 

tw
o 

sh
o

rt 
c
ru

ise
s.

T
he 

a
n

a
ly

sis 
o
f 

a 
d

e
ta

ile
d
 m

o
n

th
ly
 

su
rv

ey
 

program
m

e 
in
 

1
9

7
0

/7
1
 

on 
th

e 
h
etero

g
en

eity
 

and 
v
a
ria

b
ility

 
o
f 

zo
o

p
lan

k
to

n
 
in
 
th

e 
K

ie
l 

B
ig

h
t, 

w
estern

 
B

a
ltic

, 
h
as 

alm
o

st 
b
een

 
co

m
p

leted
 w

ith
 
re

g
ard

 
to
 

th
e 

fish
 

eggs 
and 

la
rv

a
e
.

A
 new

 
sam

p
lin

g
 

program
m

e 
h

as 
b

een
 
sta

rte
d
 
in
 
th

e 
B

ornholm
 B

asin
, 

c
e
n
tra

l 
B

a
ltic

. 
A
 
sp

e
c
ia

l 
stu

d
y
 

on 
th

e 
fe

e
d
in

g
 

eco
lo

g
y
 

o
f 

h
e
rrin

g
 
la

rv
ae

 
is
 

b
ein

g
 
co

n
tin

u
ed
 
in
 
th

e 
S

c
h
le

ifjo
rd

, 
w

estern
 B

a
ltic

. 
O

n 
alm

o
st 

a
li 

c
ru

ise
s 

a m
o

d
ified

, 
n

eu
sto

n
 

sam
p
ler 

acco
rd

in
g
 

to
 

D
avid w

as 
used« 

A
n
aly

sis 
o
f 

th
is 

m
a
te

ria
l 

h
as 

b
een

 c
h
ie

fly
 
c
a
rrie

d
 

o
u
t 

fo
r 

th
e 

a
re

a
 

o
f 

th
e 

w
estern

 
B

a
ltic

. 
S

easo
n
al 

and 
sp

a
tia

l 
d
iffe

re
n
c
e
s 

in
 
th

e 
zo

o
p
lan

k
to

n
 
o
f 

th
e 

u
p
p

erm
o
st 

c
e
n

tim
e
ters 

o
f 

th
e 

w
ater 

colum
ns 

in
 re

la
tio

n
 
to
 

th
e 

h
y
d
ro

­
g
rap

h
y
 h

av
e 

b
een

 stu
d
ie

d
.
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2
. 

B
io

lo
g
isch

e 
A

n
sta

lt 
H

elg
o

lan
d

a) 
H

elg
o

lan
d

C
o
v

erin
g
 
th

e 
y
ear«

s 
p
e
rio

d
, 

132 
sam

p
les 

w
ere 

tak
en

 
a
t 

H
elg

o
lan

d
 

R
oads 

and 
co

u
n
ted

 
fo

llo
w

in
g
 
th

e 
U

term
ö
h
l 

m
ethod. 

P
h

y
to

p
lan

k
to

n
 
d
ev

elo
p
m

en
t 

sta
rte

d
 
in
 A

p
ril 

w
ith

 
a 

c
o
n
sid

e
rab

le 
d
iato

m
 p

o
p

u
la

tio
n
 

(C
o
scin

o
d
iscu

s 
co

n
cin

n
u
s), 

a 
seco

n
d
 
o

u
tb

u
rst 

ap
p

eared
 
in
 Ju

n
e 

(C
e
ra

ta
u

lin
a 

b
e
rg

o
n
ii 

and 
N

o
c
tilu

ca 
m

ilia
ris) 

and 
a 

fin
a
l 

p
eak

, 
w

ith
 
C

eratiu
m
 
fu

rc
a
 

and 
R

h
izo

so
len

ia 
d

e
lic

a
tu

la
 
as 

d
o
m

in
atin

g
 
co

m
p
o
n
en

ts, 
o
ccu

rred
 
in
 
Ju

ly
 

and 
A

u
g
u
st. 

H
o 

p
o
p
u
la

tio
n
 
d
e
n
sitie

s 
co

m
p

arab
le 

to
 
red

 
tid

e
s 

w
ere 

o
b

serv
ed

, 
alth

o
u

g
h
 

th
e 

stan
d
in

g
 

sto
ck
 

o
f 

m
icro

p
lan

k
to

n
 

(su
m

m
arised 

in
 
carb

o
n

 
u

n
its) 

w
as 

fo
u

n
d
 
to
 

be 
m

ore 
th

an
 
tw

ice 
th

a
t 

o
f 

1
9
7
5

*

To 
c
o
n
tro

l 
e
c
o
lo

g
ic

a
l 

fa
c
to

rs, 
d
a
ta
 

on 
s
a
lin

ity
, 

tem
p
eratu

re, 
n
itrite

, 
n

itra
te

, 
am

m
onia, 

p
h
o
sp

h
ate, 

and 
s
ilic

a
te
 

w
ere 

c
o
lle

c
te

d
 

on 
151 

d
ay

s. 
In
 
th

is 
co

n
n
ectio

n
, 

m
eth

o
d

ical 
re

se
a
rc

h
 w

as 
c
a
rrie

d
 

o
u
t 

on 
au

to
m

ated
 

PO
^ 

and 
NO^, 

d
e
term

in
a
tio

n
s.

B
etw

een A
p

ril 
and 

S
ep

tem
b
er 

1974» 
p
rim

ary
 
p

ro
d

u
c
tiv

ity
 
e
stim

a
tio

n
s 

w
ere 

done 
w

ith
 

0^ 
and 

th
e 

^C
 

m
ethod. 

A 
good 

c
o

rre
la

tio
n
 

b
etw

een
 

th
e
se
 

tw
o 

m
ethods 

and 
a
iso

 
to
 

p
h
y
to

p
lan

k
to

n
 
c
o
n
c
e
n
tra

tio
n
s 

w
as 

o
b
serv

ed
, 

w
h
ile 

in
 
g

e
n

e
ra

l 
re

s
u
lts 

w
ere 

fo
u

n
d
 

to
 

be 
slig

h
tly

 
below

 
n
et

p
ro

d
u

c
tiv

ity
 
d
a
ta 

c
a
lc

u
la

te
d
 

from
 

0^ 
m

easu
rem

en
ts.

E
x

p
erim

en
tal 

in
v
e
stig

a
tio

n
s 

o
f 

carn
iv

o
ro

u
s 

zo
o
p
lan

k
to

n
 
in

te
ra

c
tio

n
s 

as 
w

ell 
as 

stu
d
ie

s 
on 

zo
o
p
lan

k
to

n
 p

o
p
u
la

tio
n
 dynam

ics 
a
t 

H
elg

o
lan

d
 

R
oads 

and 
on m

acro
zo

o
p

lan
k
to

n
 
in
 

th
e 

so
u
th

ern
 N

o
rth

 
S

ea 
and 

aro
u

n
d
 

th
e 

B
ritish

 
Isle

s 
w

ere 
co

n
d
u
cted

 
d

u
rin

g
 

1974«

b) 
L

ist/S
y
lt

H
y
d
ro

g
rap

h
ic 

c
o
n
d
itio

n
s, 

m
ic

ro
n
u
trie

n
ts 

and 
p

a
rtic

le
 
c
o
n
c
e
n
tra

tio
n
s 

w
ere 

m
easu

red
 
a
t 

th
re

e
 
sta

tio
n
s 

in
 
th

e W
adden 

S
ea 

o
f 

S
y

lt 
tw

ice 
a w

eek. 
P

h
o
sp

h
ate, 

s
ilic

a
te

, 
am

m
onia, 

n
itrite

 
and 

n
itra

te
 

c
o
n
c
e
n
tra

tio
n
s 

w
ere 

m
easu

red
 

th
ro

u
g
h
o
u
t 

th
e 

y
e
a
r. 

B
esid

es 
p
h
y
to

p
lan

k
to

n
 
co

u
n

ts 
th

e 
q
u
a
n
tity

 
o
f 

sesto
n
 

and 
its

 
co

n
ten

t 
o
f 

o
rg

an
ic 

carb
o

n
 

and 
n

itro
g

e
n
 w

as 
an

aly
sed

.

T
he 

c
o

n
ce

n
tra

tio
n
 

o
f 

A
p

p
en

d
icu

laria 
in
 
th

e W
adden 

S
ea 

zo
o
p
lan

k
to

n
 w

as 
in

v
e
stig

a
te

d
 and 

th
e 

p
o
te

n
tia

l 
fo

o
d
 
re

so
u
rc

es 
fo

r 
filte

r-fe
e
d
in

g
 

zo
o­

p
lan

k
to

n
 
d

eterm
in

ed
 

by m
easu

rin
g
 
c
h
lo

ro
p
h
y
ll 

a, 
o

rg
an

ic 
carb

o
n
 

and 
n

itro
g

e
n
 
c
o

n
ten

t 
o
f 

fo
u
r 

siz
e
 
fra

c
tio

n
s 

o
f 

th
e 

se
sto

n
. 

Tw
o 

calan
o
id

 
co

p
ep

o
d
s 

w
ere 

c
u
ltu

re
d
 

to
 

m
easu

re 
fo

o
d
 
u

p
tak

e, 
g

ro
w

th
 
ra

te
 

and 
m

o
rta

lity
 

u
n
d
er 

ex
p
erim

en
tal 

c
o

n
d

itio
n

s.

3
. 

In
s
titu

t 
fü

r 
H

y
d

ro
b

io
lo

g
ie 

und E
isch

e
reiw

isse
n

sch
a
ft 

d
er 

U
n

iv
e
rsitä

t
H

am
burg

T
he 

in
v
e
stig

a
tio

n
s 

on 
zo

o
p
lan

k
to

n
 

from
 
th

e 
N

orw
egian

 
S

ea 
and 

th
e 

u
p

w
ellin

g
 

re
g
io

n
 
o

ff 
NW
 A

fric
a
 h

av
e 

b
een

 
co

n
tin

u
ed

.

S
c
ie

n
tific

 
re

s
u
lts 

on 
zo

o
p
lan

k
to

n
 from

 
th

e 
c
ru

ise
 

o
f 

E
F

S
"W

alth
er H

erw
ig" 

in
 

1
9

7
0

/7
1
 

th
ro

u
g

h
 
th

e 
C

e
n

tral 
and 

S
o

u
th
 A

tla
n
tic
 

O
cean w

ill 
be 

p
u
b
lish

ed
 
in

 
1975 

in
 
B

er, 
d
t. 

w
iss. 

K
om

m
. 

M
eeresfo

rsch
. 

T
he 

d
istrib

u
tio

n
 
o
f 

p
o
n

te
llid

 
co

p
ep

o
d
s 

alo
n
g
 
th

re
e
 
tra

n
se

c
ts 

from
 

th
e 

C
an

ary
 
Isla

n
d
s 

to
 

th
e 

P
atag

o
n
ian

 
sh

e
lf, 

a
cro

ss 
to
 

C
ape 

T
ow

n, 
and 

from
 
th

e
re
 
n
o
rth

w
ard

s 
to
 

M
ad

eira 
is 

d
e
scrib

e
d
. 

P
o

n
te

llid
 
sp

e
cie

s 
are 

in
c
re

a
sin

g
ly
 

em
ployed 

as 
b
io

lo
g
ic

a
l 

in
d
ic

a
to

rs.
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4o 
In

s
titu

t 
fü

r 
K

ü
sten

- 
und 

B
in

n
en

fisc
h
ere

i 
d
er 

B
u
n
d
esfo

rsch
u
n
g
san

stalt
fü

r 
F

isc
h

e
re

i 
H

am
burg 

•

R
o
u
tin

e 
in

v
e
stig

a
tio

n
s 

on 
th

e 
sp

e
cie

s 
co

m
p
o
sitio

n
 

o
f 

p
h
y
to

- 
and 

zo
o­

p
lan

k
to

n
 

and 
th

e 
am

ount 
o
f 

d
e
tritu

s 
in
 

th
e 

E
lb

e 
e
stu

a
ry

 w
ere 

co
n

tin
u

ed
 

w
ith

in
 
a 

fo
rtn

ig
h
tly

 
sam

p
lin

g
 

program
m

e.

F
in

lan
d

 

(A
« 

K
lem

i)

In
s
titu

te
 

o
f M

arin
e 

R
esearch

, 
H

e
lsin

k
i

P
h

y
to

p
lan

k
to

n
 

and 
p
rim

ary
 p

ro
d
u
ctio

n
s

' 
.14

a) 
In

v
e
stig

a
tio

n
s 

on p
h

y
to

p
lan

k
to

n
, 

p
rim

ary
 p

ro
d
u
ctio

n
 

( 
C

, 
in
 
s
itu

, 
and. 

in
 

In
cu

b
ato

r 
in
 
c
o

n
stan

t 
lig

h
t 

and 
te

m
p
e
ratu

re), 
to

ta
l 

p
h
o
sp

h
o
ru

s 
an

d
 
n
itro

g
e
n
, 

and 
en

v
iro

n
m

en
tal 

p
aram

eters 
w

ere 
m

ade 
in

 u
n
p
o
llu

te
d
 

sea 
a
rea

s 
a
t 

4 
c
o
a
sta

l 
sta

tio
n

s 
s 

O
rren

g
ru

n
d
 

(m
id 

p
a
rt 

o
f 

th
e
 
G

u
ii 

o
f 

F
in

la
n
d
), 

T
värm

inne 
(e

n
tra

n
c
e 

to
 

th
e 

G
u
ii 

o
f F

in
la

n
d
), 

K
ask

in
en
 

(n
o

rth
­

e
a
ste

rn
 
p
a
rt 

o
f 

th
e 

B
o
th

n
ian

 
S

ea) 
and U

lk
o
k
alla 

(B
o
th

n
ian

 B
ay). 

S
am

p
lin

g
s 

w
ere 

m
ade 

ev
ery

 
seco

n
d
 

o
r 

th
ird

 w
eek? 

d
u
rin

g
 

th
e 

ic
e
-p

e
rio

d
 

m
ore 

sp
o
rad

ic 
sam

p
les 

w
ere 

tak
en

.

b) 
D

u
rin

g
 
th

e 
c
ru

ise
s 

(M
ay-K

ovem
ber) 

w
ith. RY

 
,!A

rand.aif 
m

easu
rem

en
ts

o
f 

c
h
lo

ro
p
h
y
ll 

a 
and 

th
e 

p
rim

ary
 p

ro
d

u
c
tio

n
 a

b
ility

 
( 

in
c
u

b
a
to

r, 
c
o

n
stan

t 
lig

h
t 

and 
tem

p
eratu

re) 
w

ere 
m

ade 
a
t 

in
te

rn
a
tio

n
a
l 

sta
tio

n
s 

in
 
th

e 
B

a
ltic

 
p
ro

p
er, 

G
u

lf 
o
f 

F
in

lan
d
 

and 
G

u
ii 

o
f 

B
o

th
n

ia.

Z
o
o
p
lan

k
to

n

Z
o
o
p
lan

k
to

n
 

sam
p
lin

g
 

(H
ensen

 n
e
t, 

m
esh 

siz
e
 

150 ^m
, 

v
e
rtic

a
l 

h
au

ls 
2

5
-0
 

m
) 

h
as 

b
een

 
co

n
tin

u
ed
 
a
t 

th
e 

fo
llo

w
in

g
 
c
o
a
sta

l 
sta

tio
n

s 
s 

O
rren

g
ru

n
d
 

(1967- 
), 

T
värm

inne 
(1966- 

)', 
S

e
ili 

in
 

th
e 

A
rch

ip
elag

o
 

S
ea 

(1966- 
), 

K
ask

in
en
 
in
 
th

e 
B

o
th

n
ian

 
S

ea 
(1

9
7
3
- 

5 
irre

g
u
la

rly
)

U
lk

o
k

alla 
(1975“ 

> 
irre

g
u
la

rly
) 

an
d K

ru
h
n
it 

in
 

th
e 

B
o
th

n
ian

 B
ay 

(1966- 
). 

S
am

p
lin

g
 h

as 
b
een

 p
erfo

rm
ed
 
th

re
e
 

tim
es 

a m
onth 

(o
n

ce 
a 

m
onth 

d
u

rin
g
 
th

e 
ic

e-p
e
rio

d
)»

D
u
rin

g
 
th

e 
c
ru

ise
s 

w
ith

 RY
 

88A
ran

d
a88 

zo
o
p
lan

k
to

n
 h

as 
b
een

 
sam

pled
 

(K
ansen

 n
é
t, 

m
esh, 

siz
e
 

150 pm
 

, 
v
e
rtic

a
l 

h
a
u
ls, 

25-
0

, 
50-25 

m
) 

1 
a
t 

in
te

rn
a
tio

n
a
l 

sta
tio

n
s 

in
 
th

e 
B

a
ltic

 
p
ro

p
er, 

G
u

lf 
o
f F

in
lan

d
 

and 
G

u
lf 

o
f 

B
o
th

n
ia»

In
s
titu

te
 

o
f 

R
a
d
ia

tio
n
 P

h
y

sio
s, 

.H
elsin

k
i

S
tu

d
ies 

on 
p
rim

ary
 
p
ro

d
u
ctio

n
 
(^

C
, 

in
 
s
itu

, 
and 

in
 
in

c
u
b
a
to

r 
in
 

co
n­

sta
n

t 
lig

h
t 

and 
tem

p
eratu

re) 
and 

p
h

y
to

p
lan

k
to

n
 h

av
e 

b
een

 m
ade 

in
 
th

e 
L

o
v
iisa

 
a
rea

 
(m

id 
p
a
rt 

o
f 

th
e 

G
u
ii 

o
f 

F
in

la
n

d
), 

and 
a
t 

O
lk

ilu
o

to
 

(o
ff E

u
ro

jo
k

i, 
B

o
th

n
ian

 
S

ea) 
in
 
o
rd

e
r 

to
 
g

e
t 

b
ack

g
ro

u
n
d 

d
a
ta
 

from
 

th
e
se
 

tw
o 

a
re

a
s, 

w
here 

ato
m

ic 
pow

er 
p
la

n
ts 

a
re 

b
ein

g
 
b
u
ilt. 

O
ne 

o
r 

tw
o 

sam
p
lin

g
s 

a m
onth h

av
e 

b
een

 m
ade 

d
u
rin

g
 
th

e 
ic

e
-fre

e
 
p

e
rio

d
.

R
atio

n
a
l 

B
oard, 

o
f W

aters, 
W

ater 
.R

esearch 
O

ffice

P
h

y
to

p
lan

k
to

n
 

and 
p

h
y

sico
ch

em
ical 

p
aram

eters 
w

ere 
m

easured, 
tw

ice 
a 

y
e
a
r, 

a
t 

th
e 

b
eg

in
n
in

g
 
o
f 

M
arch 

and 
in
 
e
a
rly

 
A

u
g
u
st, 

a
t 

ab
o

u
t 

30 
sta

tio
n

s 
in
 
th

e 
G

u
lf 

o
f 

F
in

lan
d
 

and 
th

e 
G

u
lf 

o
f 

B
o

th
n

ia.
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P
h
y
to

p
lan

k
to

n
, 

c
h

lo
ro

p
h

y
ll 

a 
p

rim
ary

 
p
ro

d
u
ctio

n
 

( 
in
 
s
itu

)
, 

to
ta

l 
p

h
o

sp
h
o

ru
s 

and 
n

itro
g
e
n
, 

and 
en

v
iro

n
m

en
tal 

p
aram

eters 
h

av
e 

b
een

 
stu

d
ie

d
 
in
 
th

e 
T

v
ärm

in
n

e- 
P

o
jo

v
ik

en
 
a
re

a
. 

S
am

ples 
w

ere 
tak

en
 
1

-2
 

tim
es 

a m
onth 

and 
once 

d
u
rin

g
 
th

e 
w

in
te

r 
seaso

n
.

B
a
c
te

rio
p
la

n
k
to

n
 w

as 
sam

pled 
a
t 

ap
p
ro

x
im

ately
 

tw
o
-w

eek
ly
 
in

te
rv

a
ls 

d
u
rin

g
 

th
e 

w
hole 

y
e
a
r. 

Q
u
a
n
tita

tiv
e 

e
stim

a
te

s 
w

ere 
m

ade 
by 

d
ire

c
t 

co
u

n
ts 

and 
p
la

te
 

c
o
u
n
ts.

H
e
lsin

k
i 

C
ity

 W
ater 

C
o
n
serv

atio
n
 L

ab
o
rato

ry

P
h
y
to

p
lan

k
to

n
 

and 
zo

o
p

lan
k

to
n
 
(v

e
rtic

a
l 

se
rie

s, 
m

esh 
siz

e
 

50 pm
) 

w
ere 

sam
pled 

and 
p

rim
ary

 p
ro

d
u
ctio

n
 

( 
^C 

in
 
s
itu

) 
and 

en
v
iro

n
m

en
tal 

p
aram

eters 
w

ere 
m

easu
red

 
in
 
th

e 
a
rch

ip
e
la

g
o
 w

aters 
o
ff 

H
e
lsin

k
i 

and 
E

spoo 
tw

ice 
a m

onth 
d
u

rin
g
 
th

e 
ic

e
-fre

e
 

p
e
rio

d
. 

S
am

ples 
w

ere 
tak

en
 
a
t 

se
v
e
ra

l 
sta

tio
n

s 
ex

ten
d

in
g

 
from

 
th

e 
se

v
e
re

ly
 
p
o
llu

te
d
 

in
n
e
r 

b
ay

s 
to
 

th
e 

u
n
p
o
llu

ted
 
a
rea

 
o
u
tsid

e 
th

e 
a
rc

h
ip

e
la

g
o

.

P
ran

ce 

(L
. 

M
arteli)

T
rav

au
x
 

de 
l
’In

s
titu

t 
d
es 

P
êch

es 

Z
o
o
p
lan

cto
n

E
tu

d
e 

d
es' e

u
p
h
a
u
sla

c
é
s, 

m
y
sid

acés 
e
t 

la
rv

e
s 

de 
d
écap

o
d
es 

ré
c
o

lté
s 

dans 
le
 
g
o
lfe

 
de 

G
asgogne 

en 
autom

ne 
1975 

en 
vue 

d
’é

ta
b
lir 

d
es 

re
la

tio
n
s 

e
n
tre 

le
 
p

la
n

cto
n
 
tro

p
h

iq
u

e 
e
t 

le
s 

m
erlu

s. 
In

v
e
n
ta

ire
s 

de 
ces 

c
ru

sta
c
é
s 

dans 
le

s 
c
o
lle

c
tio

n
s 

de 
1971 

e
t 

1972 
(M

m
e 

B
eau

d
o
in

).

Ich
th

y
o
p
lan

cto
n

E
tu

d
e 

co
m

p
arativ

e 
de 

deux 
file

ts
 

à 
p

la
n

c
to

n
, 

le
 
G

u
ii 

III 
"en

cased
" 

e
t 

le
 

B
ongo, 

a
fin

 
de 

p
ré

c
ise

r 
l
’e

ffic
a
c
ité

 
de 

ces 
deux 

file
ts
 

p
o
u
r 

la
 
cap

tu
re 

d
’o

eu
fs 

e
t 

de 
la

rv
e
s 

de 
p
o
isso

n
s, 

C
lu

p
éid

és 
e
t 

E
n

g
rau

lid
és 

notam
m

ent. 
P

o
u
r 

la
 P

ran
ce 

e
t 
l
’E

sp
ag

n
e, 

le
 
file

t 
B

ongo 
a 

é
té
 
re

te
n

u
 

en vue 
d

’e
ffe

c
tu

e
r une 

étu
d
e 

q
u
a
n
tita

tiv
e
 

d
es 

o
eu

fs 
e
t 

la
rv

e
s 

de 
sa

rd
in

e
s.

E
ta

b
lisse

m
e
n

t 
d

’u
n
 fic

h
ie

r 
d
es 

o
eu

fs 
e
t 

la
rv

e
s 

de 
C

lu
p
éid

és 
e
t 

E
n
g
rau

lid
és 

p
o
u
r 

le
s 

an
n
ées 

1971s 
1972, 

1975 
d
an

s 
le
 

G
o

lfe 
de 

G
asco

g
n
e. 

! 15 
000 

d
o
n

n
ées 

en
v
iro

n
 

(so
n

d
e, 

tem
p
ératu

re, 
s
a
lin

ité
, 

é
ta

t 
de 

la
 

m
er, 

nom
bre 

d
’o

eu
fs 

e
t 

de 
la

rv
e
s
...) 

o
n
t 

é
té
 

sto
ck

ées 
su

r 
bande 

m
ag

n
étiq

u
e 

p
o
u
r 

chaque 
sta

tio
n

 
(M

m
esA

rbaults 
e
t 

L
a
c
ro

ix
).

T
rav

au
x
 .du L

a
b
o
ra

to
ire

 
de 

B
io

lo
g
ie 
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e
 
freq

u
e
n
c
ie

s 
w

ere 
an

aly
sed

. 
T

he 
p
a
rtic

le
 
d
istrib

u
tio

n
s 

w
ere 

co
n
tin

u
o
u
sly

 re
co

rd
e
d
. 

T
he 

program
m

e 
is 

p
a
rt 

o
f 

a 
p

o
llu

tio
n
 
stu

d
y

9

5. 
In
 co

n
n

ectio
n
 w

ith
 
a 

p
lan

n
ed
 

th
erm

ic 
pow

er 
p
la

n
t 

in
 S

o
u
th
 E

a
ste

rn
 

N
orw

ay, 
a 

program
m

e 
co

v
erin

g
 
b
a
se

lin
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
ja

ce
n
t 

w
aters 

w
as 

c
a
rrie

d
 

o
u
t. 

D
u

rin
g
 
Jan

u
ary

 
to
 

Ju
n
e 

5 
su

rv
ey

s 
in
 
th

e 
a
rea

 w
ere 

co
n

d
u

cted
.

P
rim

ary
 p

ro
d
u
c
tio

n
, 

c
h
lo

ro
p
h
y
ll 

and 
siz

e
 

freq
u
e
n
c
ie

s 
a
n

a
ly

sis 
w

ere 
m

easu
red

. 
T

he 
re

s
u
lts 

have 
b
een p

u
b

lish
ed
 
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

stitu
te
 

o
f M

arine 
R

esearch
, 

B
io

lo
g
ic

a
l 

S
ta

tio
n

, 
F

led
ev

ig
en

.) „

Z
o
o
p
lan

k
to

n

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
ical 

sta
tio

n
s 

alo
n
g

 
th

e 
c
o

a
st 

o
f 

N
orw

ay, 
W

est 
S

p
itsb

e
rg

en
 an

d 
sta

tio
n
 M

ike 
in
 
th

e 
N

orw
egian 

S
ea. 

T
he 

m
a
te

ria
l 

is 
w

orked 
up 

an
d 

p
ro

cessed
 

by m
ethods 

d
e
scrib

e
d

 
e
a
rlie

r. 
N

o 
sa

lp
s 

w
ere 

o
b
serv

ed
 
in
 

1974=

2
. 

In
v
e
stig

a
tio

n
s 

in
 co

n
n
ectio

n
 w

ith
 

co
m

m
ercial 

fish
e
ry

 
fo

r 
zo

o
p

lan
k

to
n

 
(C

alan
u

s) 
and k

rill 
w

ere 
c
a
rrie

d
 

o
u
t 

d
u
rin

g
 
e
a
rly

 
sp

rin
g
 

and 
sum

m
er.

In
 
th

e 
open 

se
a, 

echo 
re

co
rd

in
g
 

o
f 

C
alan

u
s 

w
as 

p
a
rtly

 
su

c
c
e
ssfu

l.
T

raw
lin

g
 w

as 
c
a
rrie

d
 

o
u
t 

on 
sw

arm
s 

w
ith

 
d
e
n
sitie

s 
o
f 

3-7 
g 

o
f 

C
alan

u
s 

p
er nr 

b
o
th
 n

ear 
th

e 
su

rfa
c
e
 

and 
a
t 

1
5
-2

5
 

m
. 

In
 
sh

e
lte

re
d
 w

aters 
d
en

se 
sw

arm
s, 

a few
 m
 
in
 
d
iam

eter, 
c
o
n
ta

in
in

g
 up 

to
 

15 
kg p

e
r nr 

w
ere 

o
b
serv

ed
, 

c
o
lo

u
rin

g
 
th

e 
sea 

in
te

n
se

ly
 
re

d
. 

E
x
p
erim

en
ts 

w
ith

 
an

ch
o
red

 
tra

p
s 

w
ere 

co
n
tin

u
ed
 

and 
a m

anual 
w

orked 
o
u
t 

fo
r 

fish
in

g
 

and h
an

d
lin

g
 
o
f 

C
alan

u
s.

3. 
E

cho 
su

rv
ey

s 
o
f k

rill 
in
 
fjo

rd
s 

so
u
th
 

o
f 

B
erg

en
 w

ere 
c
a
rrie

d
 

o
u
t 

d
u
rin

g
 

e
a
rly

 
sp

rin
g

, 
th

e
re
 
are 

p
ro

b
lem

s 
in
 
d

istin
g

u
ish

in
g
 
tra

c
e
s 

o
f 

k
rill 

from
 

th
o
se 

o
f 

sm
all 

fish
 

and m
edusae.

4» 
V

ario
u
s 

m
ethods 

w
ith

 
c
o

n
serv

a
tio

n
 

and p
ro

c
e
ssin

g
 

o
f 

C
alan

u
s 

and k
rill 

fo
r 

feed
 

and 
hum

an 
co

n
su

m
p
tio

n
 w

ere 
trie

d
, 

th
ey

 w
ere 

a
iso

 
u
sed

 
in

 
ex

p
erim

en
ts 

w
ith

 
a
rtific

ia
l 

fish
 
b
a
it.

2
0 

N
orw

egian 
In

s
titu

te
 
fo

r W
ater 

R
esearch

 
(N

IV
A

), 
O

slo

F
o
r 

th
e 

p
u
rp

o
se 

o
f 

e
stim

a
tin

g
 
th

e 
d
an

g
er 

o
f 

In
te

rn
a
l 

fo
u
lin

g
 

o
f 

th
e 

co
o
lin

g
w

ater 
sy

stem
 

o
f 

a p
lan

n
ed
 
n

u
c
lea

r pow
er 

p
la

n
t 

in
 
th

e 
O

slo
fjo

rd
 
a
re

a
 

th
e

v
e
rtic

a
l 

d
istrib

u
tio

n
 
o
f M

y
tilu

s 
la

rv
a
e 

w
as 

stu
d

ied
, 

.from
 

Ju
n

e 
th

ro
u

g
h

S
ep

tem
b

er 
by m

eans 
o
f 

a 
p
lan

k
to

n
 pum

p.
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3
o 

U
n
iv

e
rsity

 
o
f 

B
erg

en
, 

B
io

lo
g
ic

a
l 

S
ta

tio
n

, 
E

sp
eg

ren
d

W
ork 

in
 

1974 v
as 

c
o
n
c
e
n
tra

ted
 

on 
stu

d
ie

s 
on 

p
o
p
u
la

tio
n
s 

from
 

tw
o 

fjo
rd
 
a
re

a
s,

Io 
C

o
n
tin

u
ed
 

sam
p
lin

g
 
in
 
fjo

rd
s 

in
 R

y
fy

lk
e, 

H
E 

o
f 

S
tav

an
g

er, 
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
ree-y

ear 
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

ifia
l. 

d
iv

e
rsio

n
s 

o
f 

fre
sh

 w
ater 

b
eg

in
 
to
 

tak
e 

e
ffe

c
t.

2
0 

F
ie

ld
 
in

v
e
stig

a
tio

n
s 

o
f 

th
e 

m
acro

p
lan

k
to

n
ic 

p
o
p
u
la

tio
n
s 

in
 K

o
rsfjo

rd
en

 
o
v
er 

th
re

e
 
y
ears 

w
ere 

co
m

p
leted

 
and 

th
e 

em
p

h
asis 

in
 
th

e 
p
ro

je
c
t, 

w
hich

 
is
 

aim
ed 

a
t 

e
lu

c
id

a
tin

g
 
tro

p
h

ic 
dynam

ics 
in
 

a 
p
lan

k
to

n
 

com
m

unity 
o
f 

an 
o
cean

ic 
n
a
tu

re
, 

sh
ifte

d
 

to
 

b
io

ch
em

ical 
c
a
lo

rim
e
tric

, 
and 

ex
p

erim
en

tal 
stu

d
ie

s 
o
f 

th
e 

m
ain 

p
o
p
u
la

tio
n
s»

4» 
U

n
iv

e
rsity

 
o
f 

O
slo

, 
In

s
titu

te
 

o
f M

arin
e 

B
io

lo
g
y
 

and 
L

im
nology

Io 
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 
sp

aw
n

in
g 

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
 

co
llab

o
ratio

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

ergen»
T

h
is 

in
v

e
stig

a
tio

n
 
is
 
p
a
rt 

o
f 

th
e 

N
orw

egian 
IB

P/PM
 

program
m

e»
(I»
 

N
y
g
aard

, 
T

0 
B

ra
a
ru

d
i

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

 
pow

er 
p
la

n
t 

p
ro

je
c
ts. 

S
am

ples 
from

 
tw

o 
o
f 

th
e
se
 

su
rv

ey
s 

h
av

e 
b

een
 w

orked 
up 

and 
re

p
o
rts 

h
av

e 
b
een

 p
rep

ared
 

(i) 
from

 
S

kjom
en, 

n
ear 

N
arv

ik
 

(p
u

b
lish

ed
 

by B» 
S

ch
ei)? 

(ii) 
from

 
th

e 
H

ard
an

g
erfjo

rd
 

(b
y A

0 
D

ick
, 

u
n

p
u

b
lish

ed
). 

A
 
th

ird
 

su
rv

ey
, 

in
 
th

e 
R

y- 
fy

lk
e 

fjo
rd

s 
is
 
in

 p
ro

g
re

ss 
(i. 

N
y
g
aard

, 
T» 

B
ra

a
ru

d
i

c) 
A

n 
a
ll-y

e
a
r 

su
rv

ey
 

o
f 

th
e 

n
e
a
r-su

rfa
c
e
 

p
h

y
to

p
lan

k
to

n
 
in
 
th

e 
K

o
rsfjo

rd
 

n
ear 

B
erg

en
 

and 
a 

su
rv

ey
 
o
f 

th
e 

autum
n 

and w
in

te
r 

p
h

y
to

p
lan

k
to

n
 
in

 
th

e 
H

ard
an

g
erfjo

rd
 

h
av

e 
b
een

 co
n

clu
d

ed
 

(K
0E

0 
B

erg)»

d) 
A 

re
p
o
rt 

is 
in
 
p

re
p

a
ra

tio
n
 

on 
th

e 
sum

m
er 

p
h

y
to

p
lan

k
to

n
 

o
f 

N
o

rd
âsv

atn
, 

a b
ay
 n

ear 
B

erg
en
 

(K
. 

T
an

g
en

)»

2
» 

S
p

e
cia

l 
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
ofi» 

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

oLo 
E

vensen)»

c) 
P

rim
ary

 p
ro

d
u
ctio

n
 m

easu
rem

en
ts 

w
ere 

c
a
rrie

d
 

o
u

t 
on v

a
rio

u
s 

siz
e

 
fra

c
tio

n
s 

o
f 

p
h
y
to

p
lan

k
to

n
 
in
 
th

e 
O

slo
fjo

rd
 
(
j0 

T
h

ro
n
d

sen
) 

and 
in

 
th

e 
T

rom
sö 

a
rea

 
(j » 

T
h

ro
n

d
sen

, 
B

0R» 
H

elm
dal)»

d) 
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, 

e
sp

e
c
ia

lly
 
s
a
lin

ity
 

(G
oR

» 
H

asle, 
E» 

P
aasch

e, 
o
th

e
rs).

e) 
A 

se
rie

s 
o
f 

ex
p
erim

en
ts 

w
ere 

c
a
rrie

d
 

o
u

t 
on 

th
e 

s
a
lin

ity
 
to

le
ra

n
c
e

 
o
f 

m
arin

e 
and 

b
ra

ck
ish

 w
ater 

p
lan

k
to

n
 
d
iato

m
s 

(E» 
P

aasch
e).

f
) 

G
row

th 
o
f 

th
e 

p
lan

k
to

n
 
d
iato

m
 
T

h
a
la

ssio
sira

 n
o

rd
e
n

sk
io

e
ld

ii 
a
t 

low
 

s
ilic

a
te
 

c
o
n
c
e
n
tra

tio
n
s 

w
as 

stu
d

ie
d
 

e
x

p
e
rim

e
n

ta
lly
 

(E
. 

P
aasch

e).

g
) 

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
 
as 

a 
lim

itin
g
 
n
u
trie

n
t 

in
 
th

e 
O

slo 
F

jo
rd

 w
ere 

co
n

tin
u

ed
 

(B
»Jo 

L
angem

yr)»
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Z
o
o
p
lan

k
to

n

1
. 

A
s 

a m
in

o
r 

p
a
rt 

o
f 

an 
e
x

ten
siv

e 
n
a
tu

ra
l 

c
o
n
serv

a
tio

n
 
stu

d
y
 
zo

o
p
lan

k
to

n
 

o
f 

th
e 

G
lam

a E
stu

ary
 w

as 
stu

d
ie

d
 

by m
eans 

o
f 

v
e
rtic

a
l 

n
e
t 

h
au

ls 
o
f 

ab
o
u
t 

3 w
eeks 

in
te

rv
a
l. 

(R
.H

. 
H

ovde, 
Z

o
o
lo

g
ical 

M
useum

 
and 

In
s
titu

te
 

o
f 

M
arin

e 
B

io
lo

g
y
 

and 
L

im
n
o
lo

g
y
)Q

2
. 

A
 

new
 
g
ear 

fo
r 

c
o
lle

c
tin

g
 
n
eu

sto
n
 
- 

h
y
p
o
n
cu

sto
n
 w

as 
d
ev

elo
p
ed

. 
B

ased 
on 

ro
u
tin

e
 

sam
p
les 

w
ith
 
th

is 
g
e
a
r 

as 
w

ell 
as 

B
an

sen
 
n
et 

and 
pum

p 
sam

p
les, 

d
e
ta

ile
d
 
stu

d
ie

s 
o
f 

sp
e
cie

s 
d
istrib

u
tio

n
 
in
 
re

la
tio

n
 

to
 

h
y
d
ro

g
rap

h
y

 
w

ere 
in

itia
te

d
 
in
 
a 

sh
allo

w
 

bay 
o
f 

th
e 

O
slo 

F
jo

rd
 

(T
. 

S
ch

ram
).

5
a 

U
n
iv

e
rsity

 
o
f 

T
rom

sö, 
M

arin
e 

B
io

lo
g
ic

a
l 

S
ta

tio
n

P
h
y
to

p
lan

k
to

n

Q
u
a
n
tita

tiv
e 

sam
ples 

o
f 

p
h
y
to

p
lan

k
to

n
 w

ere 
tak

en
 
In
 

th
e 

U
llsfjo

rd
 

from
M

arch 
to
 
Ju

ly
0

Z
o
o
p
lan

k
to

n

L
ooking 

p
a
rtic

u
la

rly
 fo

r 
p

e
lag

ic
 
fis

h
 

eggs 
and 

la
rv

a
e
, 

w
eek

ly
 

sam
p

les
w

ere 
tak

en
 

from
 M

arch 
to
 
Ju

ly
 
in
 
th

e 
U

llsfjo
rd
 

by m
eans 

o
f 

B
ongo 

n
e
t,

IK
M

T 
and 

v
e
rtic

a
l 

Ju
d

ay
 
n

e
t. 

T
he 

m
a
te

ria
l 

is
 

w
orked 

u
p
.

6
0 

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

arine
B

io
ch

em
istry

P
h
y

to
p

lan
k

to
n

Io 
W

ork 
on 

th
e 

p
ro

d
u
ctio

n
 

o
f 

p
ro

te
in
 

and 
carb

o
h

y
d

rates 
(c

e
llu

la
r 

and 
e
x
tra

c
e
llu

la
r) 

and 
accu

m
u
latio

n
 

o
f 

B
 

an
d P 

in
 m

arin
e 

d
iato

m
s 

w
as 

co
n
tin

u
ed

o

2
. 

T
he 

o
ccu

rren
ce 

o
f 

p
h
o
sp

h
atase 

in
 m

arin
e 

d
iato

m
s 

w
as 

stu
d

ie
d

.

3o 
W

ork, w
as 

done 
on- th

e 
d
ev

elo
p

m
en

t 
o
f 

d
ia

ly
sis 

c
u
ltu

re
 

eq
u
ip

m
en

t 
fo

r 
b
io

a
ssa

y
s 

o
f 

p
o
llu

ta
n
ts„

Z
o

o
p

lan
k

to
n

S
tu

d
ies 

on 
th

e 
d
istrib

u
tio

n
 

and 
seaso

n
al 

v
a
ria

tio
n
 
in
 
th

e 
sto

ck
s 

o
f

C
h

aeto
g

n
ath

a 
in
 
th

e 
T

ro
n
d
h
eim

sfjo
rd
 w

ere 
co

n
tin

u
ed

»

P
o

lan
d

(W
o 

M
ahkow

ski)

T
he 

m
a
te

ria
l 

fo
r 

p
h
y
to

p
lan

k
to

n
 
stu

d
ie

s 
from

 
1974- w

ere 
tak

en
 
a
t 

ro
u
tin

e
 

B
a
ltic

 
sta

tio
n

s 
in

 F
eb

ru
ary

, 
A

p
ril, 

Ju
n

e, 
A

u
g
u
st 

an
d
 B

ovem
ber. 

T
he 

sam
p

les 
w

ere 
c
o

lle
c
te

d
 

by 
a 

sam
p
ler 

o
f 

th
e 

H
y
d
ro

-B
io

s 
ty

p
e 

from
 
0

.5
,

5, 
IO

, 
1
5
, 

20 
and 

30 m
 
d
e
p
th

s. 
Q

u
a
n
tita

tiv
e 

o
ccu

rren
ce 

o
f 

sp
e
cie

s 
w

ere 
co

u
n
ted

 
by m

eans 
o
f 

c
y

lin
d

ric
 

p
lan

k
to

n
 
c
e
lls 

o
f 

100 
m

l 
c
a
p

a
c
ity

 u
n
d
er 

th
e 

re
v
e
rse

 
m

icro
sco

p
e 

o
f 

U
term

o
h

l9s 
ty

p
e
. 

T
he 

c
e
ll 

c
o
e
ffic

ie
n
t 

K 
w

as 
8 

4
0
0

, 
20 

fie
ld

s 
o
f 

v
isio

n
 w

ere 
co

u
n
ted

 
fo

r 
each

 
sam

p
le.

R
e
su

lts

T
he 

firs
t 

p
h

y
to

p
lan

k
to

n
 

bloom
 
in

 1974 
o
ccu

rred
 
in
 
e
a
rly

 
sp

rin
g
 

days 
(A

p
ril) 

and 
ex

ten
d
ed
 
a
li 

o
v
er 

th
e 

so
u

th
ern

 B
a
ltic

 
a
re

a
. 

A
t 

th
e 

tim
e 

th
e 

bloom
 

o
f 

th
e 

p
la

n
k
to

n
ic 

C
h
lo

ro
p
h
y
ceae 

K
irc

h
n

e
rie

lla
 

o
b

esa w
as 

o
b
serv

ed
. 

T
he 

m
axim

um
 
c
e
ll 

num
ber 

o
f 

th
is 

sp
ecieg

 
w

as 
fo

u
n

d
 
a
t 

sta
tio

n
 

G
p 

o
f 

th
e 

G
dansk 

B
eep w

here 
it 

reach
ed
 

2 
578 

x 
IO
 

c
e
lls 

p
er 

cu
b
ic 

m
etre 

o
f w

ater 
a
t 

IO
 

m
 
d
ep

th
. 

A
t 

sta
tio

n
 

B
^ 

o
f 

th
e 

B
ornholm

 D
eep 

2 
410 

x 
10°
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c
e
lls/m

^
 

w
ere 

fo
u
n
d
 
a
t 

15 
m 

degp 
and 

in
 
th

e 
A

rkona 
S

ea 
(S

ta
tio

n
 A

^) 
th

e 
m

axim
um

 
am

ounted 
to
 

2 
154 

x 
10b 

c
e
lls/m

3
 
a
t 

5 
m 

d
ep

th»
 

'

T
he 

n
ex

t 
v
ery

 
in

te
n
se
 

p
h
y
to

p
lan

k
to

n
 bloom

 
to

o
k
 
p
lace 

in
 
Ju

n
e. 

A
t 

th
e 

sp
e­

c
ie

s 
K

irc
h

n
e
rie

lla
 

o
b
esa 

reach
ed
 

th
e 

num
ber 

o
f 

2 
704 

x 
10^ 

c-ells/m
3* 

A
t 

th
e 

sam
e 

tim
e 

th
e 

bloom
 
o
f 

th
e 

d
iato

m
 

S
celeto

n
em

a 
co

statu
m
 
a
t 

G
^ 

w
as 

n
o
ted

 
w

ith
 

1  
045 

x 
10^ 

c
e
lls/m

3
 
a
t 

IO
 

m
 
d
ep

th
, 

w
h
ereas 

th
e 

D
in

o
ila

g
e
lla

ta
e
 

D
in

o
b
ry

o
n 

b
alticu

m
 
ap

p
eared

 
to
 

bloom
 
a
t 

B-^ 
w

here 
its

 
c
e
ll 

num
ber 

a
t 

5 
m
 
d
ep

th
, 

i.e
. 

th
e 

d
ep

th
 

o
f 

its
 

m
ost 

in
te

n
se 

b
lo

o
m

in
g
 w

as 
840 

x 
lO

^/m
^»

T
he 

la
s
t 

bloom
 

o
f 

th
e 

y
ear 

w
as 

o
b
serv

ed
 
in
 A

ugust«, 
A

t 
G

^ 
th

e 
D

iato
n

a 
C

y
clo

n
ella 

s
te

llig
e
ra

 reach
ed
 
th

en
 
its

 
m

axim
um

 
o
f 

562 
x 

¿10° 
c
e
lls

/ir 
a
t 

IO
 

m 
d

ep
th

.

T
he 

m
acro

- 
and 

ich
th

y
o
p
lan

k
to

n
 
in

v
e
stig

a
tio

n
s 

in
 

1974 
in
 
th

e 
so

u
th

ern
 

B
a
ltic

 
w

ere 
co

n
d
u
cted

 
a
t 

ro
u
tin

e
 

sta
tio

n
s 

alo
n
g
 

th
e 

se
c
tio

n
 

from
 
th

e 
A

rkona 
S

ea 
to
 

th
e 

G
dansk 

D
eep 

th
ro

u
g

h
 
th

e 
d
eep

est 
sp

o
ts 

o
f 

th
e 

p
a
rt 

of 
th

e 
B

a
ltic

. 
T

he p
la

n
k

to
n
 

sam
p

les 
w

ere 
tak

en
 

by m
eans 

o
f 

th
e 

H
ensen n

e
t.

T
he 

o
b
tain

ed
 
m

a
te

ria
l 

allo
w

ed
 u

s 
to
 
c
a
lc

u
la

te
 

th
e 

zo
o
p
lan

k
to

n
 b

io
m

ass 
and 

on 
th

is 
b
a
sis 

th
e 

y
ear 

m
ay be 

co
n
sid

ered
 

as 
fe

rtile
.

D
u
rin

g
 

th
e 

firs
t 

p
a
rt 

o
f 

th
e 

y
ear 

th
e 

b
io

lo
g
ic

a
l 

p
ro

c
esses 

in
 
th

e 
d
eep

s 
w

ere 
a
c
tiv

e
 

as 
ev

id
en

ced
 

by 
th

e 
ab

u
n

d
an

t 
o
ccu

rren
ce 

o
f 

S
a
g

itta
 
eleg

an
s 

b
a
ltic

a
 
in
 
th

e 
B

ornholm
 D

eep, 
w

h
ereas 

in
 
th

e 
o

th
e
r h

a
lf 

o
f 

th
e 

y
ear 

th
e
re

 
w

as 
an 

alm
o

st 
co

m
p
lete 

la
ck
 

o
f 

oxygen 
in
 
th

e
 

b
o

tto
m
 w

a
ter, 

re
stric

tin
g

 
th

e 
life

 
p
ro

c
esses. 

T
he 

oxygen 
c
o
n
d
itio

n
s 

o
f 

th
e 

G
dansk D

eep 
w

ere 
b

e
tte

r 
and 

o
rg

an
ism

s 
d
w

ellin
g
 
in

 d
eep

er 
w

aters 
o
ccu

rred
 
p

erm
an

en
tly

.

In
 

1974 
in

v
e
stig

a
tio

n
s 

o
f 

th
e 

h
o
riz

o
n
ta

l 
d
istrib

u
tio

n
 
o
f 

ich
th

y
o
p
lan

k
to

n
 

w
ere 

m
ade 

a
li 

o
v
er 

th
e 

so
u
th

ern
 B

a
ltic

 
a
rea

 
in
 
th

e 
c
o
a
sta

l 
zone 

from
 

1
4
°0

0
9 

to
 

2
0

°0
0

5E
, 

and 
from

 
th

e 
P

o
lish

 
c
o

a
st 

to
 

5
6
°0

0
5N 

in
 
th

e 
N

o
rth

.
D

u
rin

g
 
th

e 
y
ear 

sev
en
 
c
ru

ise
s 

w
ere 

m
ade 

and 
sam

ples 
w

ere 
tak

en
 w

ith
 
th

e 
B

ongo-533 
n

e
t 

ty
p
e 

a
t 

548 
sta

tio
n
s.

In
 
each

 
sam

ple 
th

e 
to

ta
l 

num
bers 

o
f 

fis
h

’eggs 
and 

la
rv

ae
 

w
ere 

co
u
n
ted

 
fo

r 
sp

ra
t, 

co
d

, 
flo

u
n
d
er, 

O
nos 

cim
b
riu

s 
and 

th
e 

la
rv

ae
 

w
ere 

m
easu

red
. 

T
he 

to
ta

l 
o
f 

eg
g
s 

and 
la

rv
ae
 

w
as 

c
a
lc

u
la

te
d
 

and 
ex

p
ressed

 
in
 

num
bers 

p
er 

sq
u
are 

m
etre 

and 
o
f 

th
e 

sea 
su

rfa
c
e
. 

G
reat 

num
bers 

o
f 

sp
ra

t 
eg

g
s 

and 
la

rv
ae
 

w
ere 

fo
u
n
d
 
a
li 

o
v
er 

th
e 

in
v
e
stig

a
te

d
 
a
re

a
, 

w
h
ereas 

eg
g

s 
and 

la
rv

ae
 

o
f 

th
e 

o
th

e
r 

co
m

m
ercial 

fis
h
 
sp

e
cie

s 
o
ccu

rred
 

os&
ly 

in
 
sm

all 
q

u
a
n

titie
s.

T
he 

O
cean

o
g
rap

h
ic 

In
s
titu

te
 

o
f 

th
e 

G
dansk 

U
n

iv
e
rsity

 
c
a
rrie

d
 

o
u
t 

in
­

v
e
stig

a
tio

n
s 

a
t 

sea 
co

n
cern

in
g
 

th
e 

b
io

lo
g
y
 

and 
eco

lo
g
y
 

o
f 

p
lan

k
to

n
 
in

 
th

re
e
 
re

g
io

n
s 

o
f 

th
e 

B
a
ltic

 
:

I. 
In
 
c
o
a
sta

l 
and 

e
stu

a
rin

e
 
w

aters 
(th

e 
V

istu
la
 F

irth
 

and 
th

e 
B

ay 
o
f 

P
u
ck

).

(a) 
In

v
e
stig

a
tio

n
s 

in
 
th

e 
B

ay 
o
f 

P
uck 

w
ere 

m
ade 

w
ith

 
re

sp
e
c
t 

to
 

th
e 

sp
e
cie

s 
co

m
p

o
sitio

n
 

and 
d
istrib

u
tio

n
 
o
f 

th
e 

p
h
y
to

- 
and 

zo
o
p
lan

k
to

n
 

b
ased

 
on 

sam
p
les 

tak
en
 

once 
a m

onth 
a
t 

5 
sta

tio
n

s 
w

ith
 

th
e 

C
open­

h
ag

en
 
n

e
t 

and 
a 

5 
lite

r 
b

o
ttle

 
a 

th
re

e
 
d
ep

th
s. 

T
he 

th
re

e
-y

e
a
r 

cy
cle 

o
f 

o
b

serv
a
tio

n
s 

w
as 

b
ro

u
g
h
t 

to
 

an 
en

d
. 

T
he 

m
a
te

ria
l w

ill
be 

w
orked 

up 
and 

th
e 

re
su

lts 
o
b
tain

ed
 
in
 

1975°

(b
) 

In
v
e
stig

a
tio

n
s 

in
 
th

e 
V

istu
la
 F

irth
 w

ere 
co

n
cern

ed
 w

ith
 

p
rim

ary
 

p
ro

d
u
ctio

n
, 

sp
e
cie

s 
co

m
p
o

sitio
n
 

and 
an

n
u
al 

p
ro

d
u
ctio

n
 
o
f 

p
h
y
to

- 
and 

zo
o
p
lan

k
to

n
. 

B
e
sid

e
s,th

e 
b
io

m
ass 

and 
en

erg
y
 
c
o
n
ten

t 
(in

 
c
a
l.) 

o
f 

th
e 

p
lan

k
to

n
 w

ere 
d
eterm

in
ed

„ 
S

am
ples 

fo
r 

th
is 

p
u
rp

o
se 

w
ere 

tak
en
 
a
t 

IO
 
sta

tio
n

s 
w

ith
 
p

lan
k

to
n
 
n

e
t 

and 
5 

lite
r 

b
o
ttle

 
from

2 
m 

d
ep

th
. 

M
a
te

rial w
ill 

a
iso

 
be 

c
o

lle
c
te

d
 
in
 1975 

and 
a 

sum
m

ary 
o
f 

th
e 

re
s
u
lts 

w
ill 

be 
m

ade.
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(P
rim

ary
 p

ro
d
u
ctio

n
 w

as 
estim

ated
- 

by 
th

e 
W

im
berg m

ethods 
m

axim
um

 
v
alu

es 
n
o
t 

ex
ceed

in
g
 

6 
m
 
O

p
/l 

w
ere 

fo
u
n
d
 
to
 

o
ccu

r 
tw

ice 
a y

e
a
r, 

in
 

M
ay 

and 
in

 A
ugusto 

B
ecau

se 
o
f 

low
 
tran

sp
a
re

n
c
y
 o

f w
ater 

th
e 

p
rim

ary
 

p
ro

d
u
ctio

n
 
fa

lls
 
ra

p
id

ly
 w

ith
 
in

c
re

a
sin

g
 
d
ep

th
. 

W
ith

in
 a w

ater 
la

y
e
r 

from
 

0 
to
 

0»5 
o
r 

1 
m
 
d
ep

th
 
th

e 
ra

te
 

o
f 

p
ro

d
u
ctio

n
 
d
ecreases 

by 
ab

o
u
t 

80$ 
com

pared w
ith

 
th

e 
ra

te
 
a
t 

th
e 

su
rfa

c
e
. 

T
he 

co
m

p
en

satio
n
 
p
o
in

t 
lie

s 
a
t 

ab
o
u
t 

0
,7

5
 

m
 
d
e
p
th

,)

2
, 

T
he 

W
orth A

tlan
tic, 

a
rea

(a) 
T

he 
sp

e
cie

s 
co

m
p

o
sitio

n
 

and 
d
istrib

u
tio

n
 
o
f 

th
e 

zo
o
- 

and p
h

y
to

p
lan

k
to

n
 

in
 
th

e 
re

g
io

n
 of 

th
e 

B
ear 

Isla
n
d
 w

ere 
w

orked up 
from

 
th

e m
a
te

ria
l

c
o
lle

c
te

d
 
in
 

1971-1973°

(b
) 

M
a
te

rial 
th

a
t 

h
ad 

b
een

 
g

ath
ered

 
in
 

1971-1973 
"by m

eans 
o
f 

th
e 

sp
eed

 
p
lan

k
to

n
 

sam
p
ler 

(ty
p

e M
FC 

and 
In

s
tr.C

orp,U
S

A
) 

alo
n
g
 
th

e 
sh

ip
s*
 

ro
u

te
 

from
 
th

e 
0
resu

n
d
 
to
 

th
e 

n
o

rth
e
rn
 
c
o

a
st 

o
f 

th
e 

S
p

itsb
e
rg

en
 
Isla

n
d
 w

as 
w

orked up 
w

ith
 re

sp
e
c
t 

to
 

sp
e
cie

s 
co

m
p
o

sitio
n
 

and 
d
istrib

u
tio

n
 
o
f 

th
e 

p
h
y
to

p
lan

k
to

n
,

3o 
T

he 
re

g
io

n
 

o
f 

th
e 

W
orth-W

est 
A

fric
a
n
 
S

h
elf

T
he 

stu
d

ie
s 

co
n

cern
in

g
 

th
e 

eco
lo

g
y
 

o
f 

som
e 

se
le

c
te

d
 

zo
o

p
lan

k
to

n
 
sp

e
cie

s 
w

ere 
co

n
tin

u
ed
 

on 
th

e 
m

a
te

ria
l^
 

from
 

19^7 
- 

1973- 
w

hich
 

h
ad b

een
 

sam
pled 

d
u
rin

g
 
th

e 
c
ru

ise
 

o
f 

th
e 

RY 
l8W

ieczno
n 

an
d 

*
*
T

u
rlejsk

i18.

S
tu

d
y
 

o
f 

p
h

y
to

p
lan

k
to

n
 

sam
ples 

c
o

lle
c
te

d
 
d
u
rin

g
 

1972-1973 
a
t 

R
ia 

de 
F

aro
- 

O
lhäo 

(M
oA

o 
S

am
p
aio

),

S
tu

d
y
 
o
f 

zo
o
p
lan

k
to

n
 
sam

p
les 

c
o

lle
c
te

d
 

d
u

rin
g
 

1972-1973 
a
t 

R
ia 

de 
F

aro
- 

O
lhao 

(M
oHo 

Y
ile

la
),

M
o

n
o

cu
ltu

res 
o
f 

p
h
y
to

fla
g
e
lla

te
s 

an
d 

d
iato

m
s 

to
 

stu
d
y
 and. 

to
 
s
ta

rt 
b
ig

g
e
r 

volum
es 

o
f 

th
e
se
 
c
u
ltu

re
s 

to
 
feed

 h
e
rb

iv
o
re

s 
(M

,A
, 

S
am

p
aio

),

C
u
ltu

res 
o
f 

co
p
ep

o
d
s 

and 
ro

tife
rs
 
in
 
sm

all 
c
o
n
ta

in
e
rs 

and 
ex

p
erim

en
ts 

on 
m

ass 
c
u

ltu
re

s 
to
 
fu

tu
re
 

progam
m

es 
o
f 

fe
e
d
in

g
 
c
ru

sta
c
e
a
 

arid 
fis

h
 
la

rv
ae

 
(M

o Ho 
Y

ile
la

) o

O
u
tsid

e 
th

e 
IC

E
S 

reg
io

n
'?

Id
e
n
tific

a
tio

n
 

and 
e
c
o
lo

g
ic

a
l 

stu
d
y
 

o
f 

S
ip

h
o
n
o
p
h
o

ra 
and 

C
h
aeto

g
n
ath

a 
c
o
lle

c
te

d
 
a
t 

C
abo 

Y
erde 

isla
n
d
s 

in
 

1970 
w

ith
 n

eu
sto

n
 n

e
t 

(T
, 

R
eto

),

Id
e
n

tific
a
tio

n
 

and 
eco

lo
g

y
 

o
f 

th
e 

sp
e
cie

s 
o
f 

th
e 

fam
ily

 P
o

n
te

llid
a
e

 
(C

opepoda) 
c
o
lle

c
te

d
 
a
t 

G
abo 

Y
erde 

isla
n
d
s 

in
 

1970 w
ith

 a 
n
eu

sto
n

 
n

e
t 

(l. 
P

a
rv

a),

S
p
ain

In
s
titu

to
 

de 
In

v
e
stig

a
c
io

n
e
s 

P
esq

u
eras

D
u
rin

g
 

1974) 
fo

rtn
ig

h
tly

 
d
e
te

rm
in

a
tio

n
s 

o
f 

p
h

y
to

p
lan

k
to

n
 in

 C
ad

iz 
B

ay 
in
 re

la
tio

n
 
to
 

tem
p
eratu

re 
and 

s
a
lin

ity
 p

a
tte

rn
s 

w
ere 

m
ade.

S
tu

d
ies 

h
av

e 
a
iso

 
b
een

 
co

n
tin

u
ed
 

on m
a
te

ria
l 

c
o

lle
c
te

d
 
in
 
th

e 
re

g
io

n
 

o
f 

u
p
w

ellin
g
 
in

 H
W

'-A
frica 

d
u

rin
g
 

88 S
ah

ara 
I
I

M 
and 

8?A
tlo

r 
I
I

88 
c
ru

ise
s,
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and 
th

e 
raw

 
d

a
ta
 h

av
e 

b
een

 
e
la

b
o

rate
d
 
fo

r 
p
u
b
lic

a
tio

n
.

S
p
a
tia

l 
h
e
te

ro
g
e
n
e
ity

 
o
f 

p
h

y
to

p
lan

k
to

n
 in

 
th

e 
C

abo 
B

lan
co
 
a
rea

 h
as 

b
een

 
stu

d
ie

d
.

T
he 

stu
d
y
 

o
f 

d
istrib

u
tio

n
 
in
 
th

e 
M

ar 
de 

E
sp

an
a 

and A
lborana 

S
ea in

 
re

la
tio

n
 w

ith
 M

ed
iterran

ean
 

and 
A

tla
n

tic
 
w

ater m
asses 

o
f 

th
e 

m
ost 

im
p
o
rtan

t 
g
ro

u
p
s 

o
f 

zo
o
p
lan

k
to

n
 
tak

en
 n

e
a
r 

th
e 

G
ib

ra
lta

r 
S

tra
it 

h
as 

b
een

 
co

m
p
leted

.

T
he 

stu
d
y
 
o
f 

zo
o
p
lan

k
to

n
 
in
 
th

e 
C

abo 
B

lan
ca 

a
re

as 
h

as 
b
een

 
co

n
tin

u
ed

. 
B

iom
ass 

in
 
th

e 
seco

n
d
 h

a
lf 

o
f 

w
in

te
r 

Í3
 
v

ery
 

low
 

com
pared w

ith
 

b
io

m
ass 

in
 
th

e 
end 

o
f 

sum
m

er 
and 

b
eg

in
n
in

g
 

o
f 

autum
n 

and 
is
 
in

v
e
rse

ly
 
c
o

rre
la

te
d

 
w

ith
 p

rim
ary

 p
ro

d
u
c
tio

n
. 

T
he 

la
rg

e
 

am
ount 

o
f 

p
h

y
to

p
lan

k
to

n
 in

 
th

e 
w

ater m
ade 

th
e 

m
easu

rem
en

t 
o
f 

zo
o
p
lan

k
to

n
 b

io
m

ass 
d

iffic
u

lt. 
C

opepods, 
e
u

p
h

a
u

siid
s, 

m
o
llu

sc
s, 

sa
lp

s, 
d
o
lio

lid
s, 

a
p
p
e
n
d
icu

la
rias 

h
av

e 
b

een
 

tax
o
n
o
m

ically
 
stu

d
ie

d
 
in
 
re

la
tio

n
 
w

ith
 
sp

a
tia

l 
d
istrib

u
tio

n
 
in

 w
ater 

m
asses.

E
co

p
h

y
sio

lo
g

ical 
stu

d
ie

s3 
n

u
tritio

n
, 

e
x
c
re

tio
n
, 

re
sp

ira
tio

n
 
in
 

zo
o
p
lan

k
to

n
 

e
sp

e
c
ia

lly
 
in
 

som
e 

co
p
ep

o
d

s 
h

av
e 

b
een

 co
n

tin
u

ed
.

S
ta

tis
tic

a
l 

a
n
a
ly

sis 
on p

o
p

u
la

tio
n
 

dynam
ics 

in
 A

c
a
rtia

 
in
 
th

e 
R

ia 
de 

V
igo 

h
as 

been 
m

ade. 
A new

 
sp

e
cie

s 
: 

A
c
a
rtia

 m
a
rg

ale
fi 

h
as 

b
een

 
d
e
scrib

ed
.

A 
p

ap
er 

ab
o
u
t 

o
strac

o
d
s 

in
 

som
e 

a
re

as 
o
f 

S.W
. 

P
o

rtu
g

a
l 

h
as 

b
een

 
co

m
p
leted

.

In
s
titu

to
 
E

sp
añ

o
l 

de 
O

cean
o
g
rafía

D
u
rin

g
 

1974 
a 

"C
o
o
p
erativ

e 
In

v
e
stig

a
tio

n
 
o
f 

S
p
an

ish
 

C
o
astal, W

aters’* 
w

as 
sta

rte
d
. 

T
h
is 

is
 

a program
m

e 
in
 c

o
lla

b
o
ra

tio
n
 w

ith
 

th
e 

W
oods 

H
ole 

O
cean

o
g
rap

h
ic 

In
s
titu

tio
n
 

d
ev

o
ted

 
to
 
p

h
y

sic
al 

and b
io

lo
g
ic

a
l 

o
cean

o
g
rap

h
y
 

o
f 

th
e
 

R
ia 

de 
A

ro
sa.

T
he 

b
io

lo
g
ic

a
l 

o
cean

o
g
rap

h
y
 program

m
e 

is
 
e
sp

e
c
ia

lly
 
d

ev
o

ted
 
to
 
m

arin
e 

fo
o
d
 
c
h
a
in

s 
and 

is
 
d
iv

id
e
d
 
in

to
 

tw
o 

p
a
rts?

1
) 

R
o

le 
o
f G

a
lic

ia
n
 u

p
w

ellin
g
 
in

 n
u

trie
n

t 
c
y
c
lin

g
 w

ith
 
sp

e
c
ia

l 
stu

d
y

 
o
f 

c
o
a
sta

l 
and 

e
stu

a
rin

e
 
c
irc

u
la

tio
n

, 
n
u
trie

n
t 

c
o
n
c
e
n
tra

tio
n
 

and 
d

istrib
u

tio
n
 
in

 re
la

tio
n
 
to
 
tid

e
, 

w
in

d
s, 

tem
p

eratu
re 

an
d 

s
a
lin

ity
 

p
a
tte

rn
s.

2
) 

S
easo

n
al 

su
rv

ey
 

o
f 

th
e
 
b
io

ta
 
in
 
th

e 
R

ia w
ith

 
a 

stu
d
y
 

o
f 

th
e 

p
h
y
to

»
 

p
lan

k
to

n
 

an
d zo

o
p
lan

k
to

n
. 

P
h

y
to

p
lan

k
to

n
 re

se
a
rc

h
 
in

c
lu

d
e
s 

th
e 

stu
d
y
 

o
f 

sp
e
c
ie

s 
co

m
p

o
sitio

n
, 

p
a
rtic

u
la

te
 
carb

o
n
, 

m
easu

rem
en

ts
o
f 

b
io

m
ass 

as 
stan

d
in

g
 
sto

ck
 

o
f 

c
h
lo

ro
p
h
y
ll 

a, 
p
rim

ary
 p

ro
d
u
ctio

n
 

w
ith
 

"C
 
in

c
u
b
a
tio

n
s. 

Z
o
o
p
lan

k
to

n
 re

se
a
rc

h
 
in

c
lu

d
e
s 

th
e
 

stu
d

y
 

on 
sp

e
cie

s 
co

m
p
o
sitio

n
, 

v
a
ria

tio
n
 
o
f 

co
m

m
u
n
ities 

th
ro

u
g
h
 
th

e y
e
a
r, 

in
tru

sio
n
 
o
f 

o
cean

ic 
in

d
ic

a
to

rs 
in

to
 

th
e 

R
ia, 

b
io

m
ass 

as 
d

ry
 w

et 
an

d a
sh

-fre
e
 
d
ry

 w
eig

h
t 

and 
as 

c
a
lo

ric
 

c
o
n
ten

t, 
zo

o
p

lan
k

to
n

-m
u
ssel 

in
te

ra
c
tio

n
, 

C
/w
 re

la
tio

n
, 

am
m

onia 
e
x
c
re

tio
n
, 

re
sp

ira
tio

n
 

and 
n
u
tritio

n
.

D
u
rin

g
 M

ay, 
Ju

n
e, 

Ju
ly

, 
S

ep
tem

b
er 

and 
O

cto
b
er 

som
e 

c
ru

ise
s 

w
ere 

m
ade 

and 
th

e 
c
o
lle

c
te

d
 
m

a
te

ria
l 

is
 

now
 
b
ein

g
 
stu

d
ie

d
.

P
lan

k
to

n
 
re

se
a
rc

h
 
in
 
th

e 
R

i.a 
de 

A
ro

sa w
ill 

be 
co

n
tin

u
ed
 
d
u
rin

g
 

1975»
In

 th
e
 

O
cean

o
g
rap

h
ic 

L
ab

o
rato

ry
 

o
f 

th
e 

C
an

ary
 
Isla

n
d
s 

stu
d
ie

s 
co

n
tin

u
ed
 

on 
p
rim

ary
 

and 
seco

n
d
ary

 p
ro

d
u
ctio

n
 
o
f 

p
lan

k
to

n
, 

b
io

m
ass 

o
f 

p
h
y
to

p
lan

k
to

n
 an

d 
zo

o
p
lan

k
to

n
 

and 
th

e
ir 

re
la

tio
n
 w

ith
 
c
o
n
c
e
n
tra

tio
n

s 
and 

re
g
e
n
e
ra

tio
n
 
o
f 

n
u

trie
n

ts.
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In
 

th
e 

O
cean

o
g
rap

h
ic 

L
ab

o
raty

 
in

 P
alm

a 
de 

M
allo

rca, 
stu

d
ie

s 
on 

th
e 

e
ffe

c
ts 

o
f 

p
o

llu
tio

n
 

on p
h
y
to

p
lan

k
to

n
 an

d 
zo

o
p
lan

k
to

n
 in

 
th

e 
M

ahon H
arb

o
u

r 
h

av
e 

b
een

 m
ade. 

A
iso

 
th

e 
an

n
u

al 
cy

cle 
o
f A

p
p
e
n
d
icu

la
tu

s 
in
 
th

e 
P

alm
a 

B
ay h

as 
b

een
 
stu

d
ie

d
 

and 
a 

c
ru

ise
 
w

ith
 
th

e 
p
u
rp

o
se 

o
f 

in
te

rc
a
li­

b
ra

tio
n
 
o
f 

e
g
g
s-larv

a
e 

n
e
ts 

and 
flo

w
m

eters 
w

as 
re

a
lise

d
 
in
 
Ju

n
e.

S
w

eden

B
a
ltic

S
p
e
cia

l 
stu

d
ie

s 
on n

u
trie

n
ts, 

c
h
lo

ro
p
h
y
ll, 

in
 
s
itu

 
flu

o
rim

e
try

, 
p
a
rtic

u
la

te
 

and 
d
isso

lv
e
d
 
o

rg
an

ic 
m

a
tte

r, 
p

rim
ary

 p
ro

d
u
ctio

n
 

and 
p

h
y

to
p

lan
k

to
n
 have 

b
een

 
c
a
rrie

d
 

o
u
t 

in
 
th

e 
fo

llo
w

in
g
 
a
re

a
s 

s

A
rch

ip
elag

o
 

o
f 

S
to

ck
h
o
lm
 

(sin
c
e
 
I9

6
7
). 

In
 
th

is 
a
re

a
 
a
iso

 
N

-fix
a
tio

n
 

and 
ag

en
ts 

h
am

p
erin

g
 
th

e 
g
ro

w
th
 

o
f 

a
lg

a
e 

h
av

e 
b

een
 
stu

d
ie

d
. 

(U
n
iv

e
rsity

 
o
f U

p
p

sala, 
In

s
titu

te
 

o
f 

P
la

n
t 

B
io

lo
g
y
, 

and 
C

ity
 

o
f 

S
to

ck
h
o
lm

.)

A
skö 

L
ab

o
rato

ry
 

and 
a
rch

ip
e
lag

o
 

o
f 

T
ro

sa 
(b

o
th
 

so
u

th
 

o
f 

S
to

ck
h
o
lm

).
T

he 
in

v
e
stig

a
tio

n
s 

are 
p
a
rt 

o
f 

th
e 

stu
d
y
 

o
f 

th
e 

en
erg

y
 
flo

w
 
in
 
c
o
a
sta

l 
and 

open w
a
ters. 

T
h
is 

w
ork 

h
as 

b
een

 
c
a
rrie

d
 

o
u

t 
sin

ce
 

a 
num

ber 
o
f 

y
ears 

and 
num

erous 
te

s
ts
 

have 
b
een

 m
ade 

to
 

q
u
a
n
tify

 
th

e 
en

erg
y
 
flo

w
 

w
ith

 
co

m
p
u

ters. 
T

he 
w

ork 
is
 

su
p

p
o

rted
 

by 
d
iffe

re
n
t 

b
o
d
ie

s. 
(U

n
iv

e
rsity

 
o
f 

S
to

ck
h

olm
, 

Z
o
o
lo

g
ical 

In
s
titu

te
 
m

ain
ly

).

T
he 

In
s
titu

te
 

o
f 

M
arin

e 
R

esearch
 h

as 
re

g
u
la

rly
 
c
a
rrie

d
 

o
u
t 

zo
o

p
lan

k
to

n
 

in
v
e
stig

a
tio

n
s 

in
 
th

e 
B

a
ltic

 
p

ro
p

er 
sin

c
e 

1968. 
T

he 
aim

 
o
f 

th
e
se
 
in

­
v
e
stig

a
tio

n
s 

h
as 

m
ain

ly
 b

een
 
to
 

stu
d

y
 
th

e 
zo

o
p

lan
k

to
n
 fau

n
a 

and 
th

e 
eco

lo
g
y
 

o
f 

th
e 

m
ost 

com
m

on 
sp

e
c
ie

s. 
In
 

1972 
p
rim

ary
 
p
ro

d
u
ctio

n
 m

easu
re­

m
en

ts 
w

ere 
ad

d
ed 

to
 

th
e 

program
m

e 
and 

from
 

1973 
on 

th
is 

w
ork 

h
as 

b
een

 
in

te
n
sifie

d
 

and 
is
 

now
 
a 

se
p
a
rate

 
b
ran

ch
 
o
f 

th
e 

re
se

a
rc

h
 

program
m

e.

In
 

1973 
50 

and 
in
 

1974 
42 

p
rim

ary
 
p
ro

d
u
c
tio

n
 m

easu
rem

en
ts 

w
ere 

c
a
rrie

d
o
u
t 

a
t 

th
re

e
 
o

ff-sh
o

re
 
sta

tio
n

s 
in
 
th

e 
B

a
ltic

 
p

ro
p

er 
an

d 
one 

o
ff-sh

o
re

 
sta

tio
n
, in

 
th

e 
B

o
th

n
ian

 
S

ea. 
T

he 
m

easu
rem

en
ts 

w
ere 

c
a
rrie

d
 
o
u
t 

acco
rd

in
g

 
to
 
th

e 
tech

n
iq

u
e 

(in
 
s
itu

) 
a
t 

te
n
 
d
ep

th
s 

u
sin

g
 

an 
in

c
u

b
a
tio

n
 
tim

e 
o
f 

fo
u

r h
o
u
rs.

T
he 

zo
o
p
lan

k
to

n
 
in

v
e
stig

a
tio

n
s 

d
u

rin
g
 

1974 w
ere 

c
o

n
ce

n
tra

ted
 

on 
tw

o 
m

ain 
su

b
je

c
ts 

§

1) 
A
 
jo

in
t 

b
io

m
ass 

in
v
e
stig

a
tio

n
 
in
 
th

e 
B

a
ltic

 
p
ro

p
e
r 

in
 
c
o
o
p
e
ra

tio
n

 
w

ith
 
o
th

e
r 

B
a
ltic

 
n
a
tio

n
s.

2) 
A 

co
m

p
arativ

e 
stu

d
y
 

on 
th

e 
e
ffic

ie
n
c
y
 
o
f 

d
iffe

re
n

t 
ty

p
es 

o
f 

p
lan

k
to

n
 

n
e
ts 

and 
on 

th
e 

im
p

o
rtan

ce 
o
f 

th
e 

m
esh 

siz
e
 
in
 
th

e 
g
e
a
r.

T
he 

b
io

m
ass 

in
v
e
stig

a
tio

n
 w

as 
c
a
rrie

d
 

o
u
t 

d
u
rin

g
 
th

e 
m

onths 
o
f 

M
ay, 

A
u
g
u
st, 

and 
O

cto
b

er 
in
 
th

e 
m

id
-w

estern
 G

o
tlan

d
 

S
ea. 

O
b
liq

u
e 

h
a
u
ls 

w
ere 

m
ade 

w
ith

 
a 

B
o

n
g

o
-n

et 
eq

u
ip

p
ed

 w
ith

 
300 

an
d 

500 
p, n

e
ts. 

T
he 

b
io

m
ass 

w
as 

c
a
lc

u
la

te
d

 
by 

th
e 

d
isp

alcem
en

t 
volum

e 
tech

n
iq

u
e.

A 
co

m
p
arativ

e 
stu

d
y
 
b
etw

een
 
d

iffe
re

n
t 

ty
p
es 

o
f 

p
lan

k
to

n
 n

e
ts 

w
as 

c
a
rrie

d
 

o
u
t 

in
 
th

e 
sam

e 
a
re

a
 

and 
d

u
rin

g
 
th

e 
sam

e 
m

onths 
as 

th
e 

b
io

m
ass 

in
v
e
s
ti­

g
a
tio

n
 

an
d 

th
e 

g
e
a
rs 

u
sed

 w
ere 

H
ansen n

e
t 

90 
p.,U

N
E

SC
0 W

P 
II-n

e
t 

90 
q

an
d

 
U

U
ESC

0 W
P 

II-n
e
t 

200 p.. 
P

a
ra

lle
l 

h
a
u
ls 

w
ere 

m
ade 

w
ith
 

th
e 

d
iffe

re
n

t 
n
e
ts 

from
 

90 
m

eters 
to
 

th
e 

su
rfac

e
 

and 
from

 
25 

m
eters 

to
 

th
e 

su
rfa

c
e
.

T
he 

bloom
 

o
f 

b
lu

e
-g

ree
n
 
alg

ae 
h

as 
b

een
 
stu

d
ie

d
 

by 
o
b
serv

a
tio

n
s 

su
p

p
lied

 
from

 
th

e 
E

R
T

S
-sa

te
llite

.
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E
x
ten

siv
e 

stu
d
ie

s 
o
f 

th
e 

o
ccu

rren
ce 

o
f 

fis
h
 

eg
g

s 
and 

la
rv

a
e 

h
av

e 
b

een
 
c
a
rrie

d
 

o
u
t, 

m
ain

ly
 in

 
th

e 
so

u
th

ern
 and 

c
e
n

tra
l 

B
a
ltic

.

W
est 

C
oa

st

S
tu

d
ies 

on n
u
trie

n
ts, 

c
h
lo

ro
p
h

y
ll, 

p
a
rtic

u
la

te
 

and 
d
isso

lv
e
d
 

o
rg

an
ic

m
a
tte

r 
and 

p
rim

ary
 p

ro
d
u
ctio

n
 h

av
e 

b
een

 m
ade, 

m
ain

ly
 
in
 
th

e 
S

ound 
and

in
 
th

e 
S

o
u
th

ern
 K

a
tte

g
a
t, 

(u
n

iv
e
rsity

 
o
f 

L
und, 

M
arine 

B
io

lo
g
ic

a
l 

L
ab

o
rato

ry
)«

E
c
o
lo

g
ic

a
l 

in
v

e
stig

a
tio

n
s 

on 
th

e 
zo

o
p

lan
k

to
n
 h

av
e 

b
een

 c
a
rrie

d
 

o
u

t 
in

 
th

e 
B

y
fjo

rd
 

(U
n
iv

e
rsity

 
of 'G

othenburg« 
Z

o
o
lo

g
ical 

In
stitu

te
)®
 

T
he 

eco
lo

g
y

 
o
f 

fis
h
 

eg
g

s 
and 

la
rv

a
e 

h
as 

b
een 

studied 
in
 
se

v
e
ra

l 
p

a
rts 

o
f 

th
e 

W
est 

C
o
ast » 

T
he 

fo
llo

w
in

g
 

sh
o

u
ld
 

be 
m

en
tio

n
ed

, 
e
sp

e
c
ia

lly
 

s 
im

m
ig

ratio
n
 
o
f 

g
la

ss 
e
e
ls 

in
 th

e
 

S
kagerakia 

th
e 

K
a
tte

g
at 

and 
th

e 
fjo

rd
s 

o
f 

B
o
h
u
slän

, 
o

ccu
rren

ce 
o
f 

h
e
rrin

g
 la

rv
a
e
 
in
 
th

e 
sam

e 
areas®

 
A

li 
k
in

d
s 

o
f 

fis
h
 

eggs 
and 

la
rv

a
e
 

h
av

e 
b

een
 
stu

d
ie

d
, 

e
sp

e
c
ia

lly
 
in
 
th

e 
B

ro
fjc

rd
. 

S
p
e
cia

l 
a
tte

n
tio

n
 

h
as 

b
een

 g
iv

en
 to

 
th

e 
b
ig

g
e
r 

la
rv

a
e
, 

n
o
rm

ally
 n

o
t 

cau
g

h
t 

w
ith
 

n
ets«
 

T
he 

g
e
a
r 

su
c
c
e
ssfu

lly
 u

sed
 
in

 m
any in

v
e
stig

a
tio

n
s 

h
as 

b
een 

th
e 

IK
M

W
T, 

m
o
d
ified

, 
(in

s
titu

te
 

o
f M

arin
e 

R
esearch

, 
L

y
se

k
ii).

U
n
ited

 
K

ingdom

(jo
H

o
U

ich
o

is)

A
) 

O
ffsh

o
re 

S
u
rv

ey
s

(i) 
T

h
ree 

in
te

rn
a
tio

n
a
l 

h
e
rrin

g
 
la

rv
a
e
 

su
rv

ey
s 

h
av

e 
b
een

 m
ade 

d
u

rin
g
 
th

e 
y
ear«
 

T
he 

d
e
ta

ile
d
 
re

s
u
lts 

o
f 

th
e
se
 
a
re 

re
p
o
rte

d
 

to
 

th
e 

H
errin

g
 

C
o
m

m
ittee. 

In
 
b
rie

f, 
th

e 
a
re

as 
su

rv
ey

ed
 

and 
la

rv
a
l 

ab
u
n
d
an

ce 
w

ere 
as 

fo
llo

w
s 

g

a) 
T

he 
S

o
u
th

ern
 B

ig
h
t 

o
f 

th
e 

W
orth 

S
ea 

arid 
e
a
ste

rn
 E

n
g
lish

 
C

hannel 
w

ere 
su

rv
ey

ed
 
in
 

-Janu
ary

. 
S

m
aller num

bers 
o
f h

e
rrin

g
 
la

rv
a
e 

w
ere 

fo
u
n
d
 

th
an

 
in
 
th

e 
p
rev

io
u

s 
yearg

 
b
ein

g
 
p
re

se
n
t 

on 
o
n
ly
 

12 
sta

tio
n
s, 

com
pared, w

ith
 

43 
sta

tio
n

s 
in
 

th
e 

p
rev

io
u
s 

y
e
a
r.

b) 
T

he 
S

h
etlan

d
 and 

O
u
ter 

H
eb

rid
es 

su
rv

ey
 w

as 
m

ade 
in
 

S
ep

tem
b

er 
an

a 
num

bers 
o
f 

h
e
rrin

g
 
la

rv
a
e
 

w
ere 

w
e
ll 

dow
n com

pared w
ith

 
p
rev

io
u
s 

y
e
a
rs.

c) 
T

he 
su

rv
ey
 

o
f 

th
e w

estern
 
c
e
n
tra

l 
N

o
rth

 
S

ea 
in
 
O

cto
b
er 

show
ed 

a fu
r­

th
e
r 

la
rg

e
 
in

c
re

a
se
 
in

 h
e
rrin

g
 
la

rv
a
l 

p
ro

d
u
ctio

n
^ 

num
bers 

o
f 

h
e
rrin

g
 

la
rv

a
e
 

fo
u
n
d
 
b

ein
g
 

tw
o io 

th
re

e
 

tim
es 

g
re

a
te

r 
th

an
 
th

e 
h

ig
h
 

num
bers 

fo
u
n
d
 
in
 1

9
7
3
'

(ii) 
A 

su
rv

ey
 
o
f 

an
 
a
re

a
 
o
ff 

th
e 

n
o
rth

-e
a
st 

c
o
a
st 

o
f 

E
n

g
land

 w
as 

c
a
rrie

d
 

o
u
t 

in
 
F

eb
ru

ary
 to

 
d
eterm

in
e 

th
e 

d
istrib

u
tio

n
 

and 
ab

u
n
d
an

ce 
o
f 

cod 
eg

g
s 

an
d 

la
rv

a
e
.

(iii) 
Tw

o 
su

rv
ey

s 
w

are 
c
a
rrie

d
 
o

u
t, 

one 
in
 
th

e 
S

o
u
th

ern
 
B

ig
h
t 

o
f 

th
e 

N
o

rth
 

S
ea 

in
 A

p
ril 

and 
a
 fu

rth
e
r 

one 
o
ff 

th
e 

n
o

rth
e
a
st 

E
n
g
lish

 
c
o

a
st 

in
 

M
ay 

to
 
d
eterm

in
e 

th
e 

d
istrib

u
tio

n
 
o
f 

p
la

ic
e
 

eg
g

s 
and 

la
rv

a
e
. 

T
he 

a
re

a
s 

o
f 

h
ig

h
 
ab

u
n
d
an

ce 
o
f 

eggs 
and 

la
rv

a
e
 

w
ere 

th
en
 

su
rv

ey
ed
 

by 
m

id
w

ater 
traw

l, 
to
 

m
ake 

a 
q
u
a
lita

tiv
e
 

assessm
en

t 
o
f 

p
re

d
a
tio

n
 by 

p
e
la

g
ic
 
fish

e
s.

A
n ex

p
erim

en
t 

to
 

d
eterm

in
e 

th
e 

escap
e 

o
f 

fish
 
la

rv
a
e
 

and 
o

th
e
r 

p
la

n
k
to

n
 fro

m
 
th

e 
L

o
w

esto
ft 

50 
cm
 u

n
en

cased
 

sam
p
ler w

as 
c
a
rrie

d
 

o
u
t 

in
 

an 
a
re

a
 
o
f 

h
ig

h
 p

la
ic

e
 

egg 
and 

la
rv

a
l 

ab
u
n
d
an

ce 
d
u
rin

g
 
th

e 
A

p
ril

su
rv

e
y

>
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B» 
In

sh
o

re 
su

rv
ey

s

T
h
ree 

co
m

p
lete 

su
rv

ey
s 

w
ere 

m
ade 

alo
n
g
 

th
e 

E
n
g
lish

 
so

u
th
 
c
o
a
st 

in
 F

eb
ru

ary
,

A
p

ril 
and 

Ju
n

e, 
and 

som
e 

sam
p
les 

w
ere 

tak
en

 
a
t 

se
le

c
te

d
 
sta

tio
n

s 
in
 
S

ep
tem

b
er.

T
he 

aim
 w

as 
to
 
id

e
n
tify

 
in

sh
o

re 
sp

aw
n

in
g 

g
ro

u
n
d
s 

o
f 

fis
h
 

from
 
th

e 
d
istrib

u
tio

n
 

o
f 

eg
g
s 

and 
la

rv
a
e
. 

Som
e 

h
ead

lan
d
 

to
 
h

ead
lan

d
 
tra

n
se

c
ts w

ere 
m

ade 
to
 
a
sse

ss 
th

e 
d
istrib

u
tio

n
 

o
f 

th
e 

la
rv

a
e
 

o
f 

C
an

cer 
P

ag
u
ru

s. 
A
 
L

o
w

esto
ft 

50 
cm

 u
n

en
cased

 
p
lan

k
to

n
 

sam
p
ler fitte

d
 w

ith
 

a 
2

0
.3
 

cm
 
n
o
se-co

n
e 

and 
a 

0
.2

7
5
 

mm 
a
p
e
rtu

re
 

m
esh 

w
as 

u
sed

.

A 
se

p
a
ra

te
 
se

rie
s 

o
f 

sam
p
les w

as 
tak

en
 

o
v
er 

a 
tid

a
l 

c
y
c
le

, 
in
 
a p

lan
k
to

n
 

p
atch

o
 

P
o
sitio

n
 

on 
th

e 
p
a
tc

h
 w

as 
m

ain
tain

ed
 

by 
th

e 
u
se 

o
f 

a p
a
ra

ch
u
te 

d
ro

g
ue 

in
 m

id
w

ater. 
T

h
is 

ex
p

erim
en

t 
w

as 
to
 
te

s
t 

sam
p
lin

g
 v

a
ria

b
ility

 
o
f 

b
o

th
 
fie

ld
 

an
d 

la
b
o
ra

to
ry
 

sam
p
lin

g
 
te

c
h
n
iq

u
es0

Co 
N

an
o
p
lan

k
to

n

N
an

o
p

lan
k
to

n
 
sam

p
les w

ere 
c
o

lle
c
te

d
 

on 
one 

c
ru

ise
 

to
 
th

e
 
F

lad
en

 g
ro

u
n
d
 
in

 
th

e 
n
o
rth

e
rn
 
N

o
rth

 S
ea 

in
 M

ay and 
on 

a 
su

b
seq

u
en

t 
c
ru

ise
 
to
 

th
e 

B
aren

ts 
S

ea 
in

 A
u
g
u
st/S

ep
tem

b
er0 

C
h

lo
ro

p
h

y
ll 

in
 
th

e 
su

rfac
e
 
w

ater w
as 

m
o
n
ito

red
 
co

n
tin

u
o
u
s­

ly
 

on b
o
th
 c

ru
ise

s 
u

sin
g
 
a 

T
u

rn
er F

lu
o
ro

m
eter. 

C
u
ltu

re
s 

w
ere 

a
iso

 
p
rep

ared
 

and 
sam

p
les 

o
b
tain

ed
 fo

r b
o

th
 
sp

ectro
p

h
o

to
m

etry
 

an
d 

electro
n
-m

icro
sco

p
y
 oti b

o
th

 
c
ru

ise
s.

In
 a

d
d
itio

n
, 

a 
se

rie
s 

o
f 

sam
p
les w

as 
tak

en
 
a
t 

v
ary

in
g
 
d
ep

th
s 

on 
th

e 
M

ay 
c
ru

ise
 

in
 
th

e 
n

o
rth

e
rn

 N
o
rth

 
S

ea 
to
 
d

eterm
in

e 
th

e 
v

e
rtic

a
l 

d
istrib

u
tio

n
 
o
f 

som
e 

n
an

o
- 

p
la

n
k

te
rso

2
. 

S
co

tlan
d

(Jo 
Ao 

A
dam

s)

I. 
M

arin
e 

L
ab

o
rato

ry
, 

A
b
erd

een 
(PA

FS)

S
tan

d
in

g
 
sto

ck
 
in

v
e
stig

a
tio

n
s. 

C
h
lo

ro
p
h
y
ll 

a 
p
a
rtic

u
la

te
 

o
rg

an
ic 

carb
o

n
 

and 
n

itro
g
e
n

, 
and 

zo
o
p
lan

k
to

n
 
d
ry
 w

eig
h
t 

d
a
ta 

h
av

e 
co

n
tin

u
ed
 

to
 

be 
c
o

lle
c
te

d
 

on 
su

ita
b
le
 
c
ru

ise
s 

to
 
th

e
 
n

o
rth

e
rn

 N
o
rth

 
S

ea 
and 

th
e 

w
est 

c
o
a
st 

o
f 

S
co

tlan
d

. 
Som

e 
o
f these d

a
ta
 w

ill 
be 

p
u

b
lish

ed
 
in
 A

n
n
ales 

B
io

lo
g
iq

u
es.

A
v
erag

e 
g
e
o
g
ra

p
h
ic

a
l 

an
d 

se
a
so

n
a
l 

d
istrib

u
tio

n
 
o
f 

c
h
lo

ro
p
h
y
lll 

a 
and 

zo
o­

p
lan

k
to

n
 
d
ry
 w

eig
h
t 

in
 
th

e 
n

o
rth

e
rn

 N
o
rth

 
S

ea h
av

e 
b
een

 c
a
lc

u
la

te
d
 

from
 

d
a
ta
 
c
o
lle

c
te

d
 
d

u
rin

g
 

th
e 

p
e
rio

d
 

1961-1970 
and 

th
e
se

, 
to

g
e
th

e
r w

ith
 
in

fo
rm

­
a
tio

n
 

on 
o
th

e
r a

sso
c
ia

te
d
 

en
v
iro

n
m

en
tal 

fa
c
to

rs 
(tem

p
e
ra

tu
re

, 
s
a
lin

ity
, 

n
u
trie

n
ts, 

e
tc

.) 
are 

b
ein

g
 
p
rep

ared
 
fo

r 
p
u
b
lic

a
tio

n
 

(JoA
. 

A
dam

s, 
J.H

.A
. 

M
artin

, 
B

E
. 

B
a
ird

, 
J
. 

D
unn).

P
h

y
to

p
lan

k
to

n
 

o
f 

S
c
o

ttish
 
in

sh
o

re w
a
te

rs. 
Som

e 
in

fo
rm

a
tio

n
 

on 
th

e 
p
h
y
to

­
p

lan
k

to
n
 
o
f 

th
e 

E
den E

stu
ary

 
in

 F
ife

 
h

as 
b
een

 
issu

e
d
 
in
 M

arin
e 

L
ab

o
rato

ry
 

In
te

rn
a
l 

R
ep

o
rt 

N
ew
 
S

e
rie

s 
N

o. 
4° 

A
bout 

100 
sam

p
les 

w
ere 

c
o
lle

c
te

d
 
d

u
rin

g
 

1974 
fo

r 
a 

stu
d
y
 

on 
d

in
o

fla
g
e
H

a
te

s. 
T

hese 
h

av
e 

y
e
t 

to
 

be 
an

aly
sed

.

N
o 

a
lg

a
l 

bloom
s 

w
ere 

re
p

o
rte

d
 fro

m
 
S

c
o
ttish

 w
aters 

in
 

1974 
b
u
t 

m
en

tio
n
 

sh
o
u
ld

 
be 

m
ade 

o
f 

a 
p

re
v

io
u

sly
 u

n
reco

rd
ed

 
bloom

 
in
 
T

h
u
rn

aig
 B

ay9 
L

och E
w

e, 
in

 
A

p
ril 

1973 
o
f 

th
e 

eu
g
len

o
id
 
fla

g
e
lla

te
 
E

u
tre

p
tie

lla
 
(id

e
n
tifie

d
 by 

G
.Fo 

L
eed

ale). 
(D

.D
. 

S
eato

n
, 

J.A
. 

A
dam

s).

O
th

er 
in

sh
o

re 
stu

d
ie

s. 
T

he m
ain

 
e
ffo

rt 
d

u
rin

g
 

1974 w
as 

d
ire

c
te

d
 
to
 

th
e 

e
v
a
lu

a
tio

n
 
o
f 

p
rev

io
u
s 

d
a
ta
 ra

th
e
r 

th
an
 
th

e 
c
o
lle

c
tio

n
 
o
f 

new
 
d
a
ta

. 
T

h
is 

is
 
s
till 

in
 p

ro
g
re

ss b
u

t 
re

p
o
rts 

sh
o
u
ld
 

be 
d
ra

fte
d
 
sh

o
rtly

 
on 

th
e 

zo
o
p
lan

k
»

 
to

n
 
o
f 

L
och Ew

e 
and 

th
e
 
F

irth
 
o
f 

C
ly

d
e. 

T
he 

lim
ite

d
 

sam
p
lin

g
 
a
t 

L
och 

L
in

n
h

e
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and 
L

och E
il 

h
as 

co
n
tin

u
ed
 
as 

p
a
rt 

o
f 

th
e 

stu
d
y
 

o
f 

th
e 

e
ffe

c
ts 

o
f 

th
e 

p
u
lp

 
and 

p
ap

er 
m

iii 
a
t 

A
nnat 

P
o
in

t«
 

Som
e 

d
a
ta 

on 
th

e 
zo

o
p
lan

k
to

n
 

o
f 

th
e 

E
den 

E
stu

ary
 
is
 
g

iv
en
 
in
 
th

e 
In

te
rn

a
l 

R
ep

o
rt 

n
o
ted

 
in
 

th
e 

p
rev

io
u
s 

sectio
n

«
(joA

„ 
A

dam
s, 

N
»T

0 
N

ic
o
li, 

D
«V

0Po 
C

o
n
w

ay
i

S
cyphom

edusae 
o
f 

th
e 

n
o

rth
e
rn

 N
o
rth

 
S

ea« 
T

he 
fo

u
rth

 
su

rv
ey
 

o
f 

th
e 

d
istrib

u
tio

n
 

o
f 

S
cyphom

edusae 
in
 
th

e 
n

o
rth

e
rn
 N

o
rth

 
S

ea 
in
 
th

e 
sum

m
er 

w
as 

done 
d

u
rin

g
 
th

e 
p
e
rio

d
 

6 
Ju

n
e 

to
 

2 
Ju

ly
 

1974» 
In

te
re

stin
g
 
c
o

rre
­

la
tio

n
s 

a
re 

b
ein

g
 fo

u
n
d
 

b
etw

een
 
th

e 
d
istrib

u
tio

n
 
o
f 

th
e 

S
cyphom

edusae 
and 

th
e
 
d
istrib

u
tio

n
 
o
f young g

ad
o
id

s 
- 

in
 
p

a
rtic

u
la

r w
h
itin

g
«

In
 

1974 
C

yanea 
la

m
a
rck

ii 
an

d 
C

0 
c
a
p

illa
ta

 w
ere 

ab
sen

t 
o
v
er 

a 
la

rg
e
 
p

a
rt 

o
f 

th
e
ir n

o
rm

al 
a
re

a
 
o
f 

ab
u
n
d
an

ce 
so

u
th
 

o
f 

5
9

°N
 

an
d

, 
in

 m
arked 

c
o
n
tra

st 
to
 

1971> 
1972 

and 
1973» 

w
ere 

p
re

se
n
t 

o
v
er 

la
rg

e
 
a
re

a
s 

n
o
rth

 
o
f 

59 °N
, 

T
he 

ra
th

e
r m

ore 
c
o
a
sta

l A
u
re

lia
 
a
u
rita

 
a
iso

 
ten

d
ed
 
to
 

show
 

a n
o
rth

w
ard

 
ex

­
te

n
sio

n
 

o
f 

its
 

a
re

a 
o
f 

ab
u
n
d
an

ce 's
0J

0 
H

ay, 
J

0A
0 

A
dam

s),

F
ish

 
eg

g
s 

and 
la

rv
ae

(a) 
D

istrib
u
tio

n
 

and 
ab

u
n
d
an

ce« 
A

s 
in

 p
rev

io
u
s 

y
e
a
rs 

la
rv

a
l 

h
e
rrin

g
 w

ere 
sam

pled 
(ij 

on 
th

e 
B

a
lla

n
tra

e 
B

ank 
in
 
th

e 
sp

rin
g
 

and 
(ii) 

alo
n
g
 

th
e 

o
u
te

r 
p
a
rt 

o
f 

th
e 

c
o

n
tin

e
n
ta

l 
sh

e
lf 

w
est 

o
f 

S
co

tlan
d
 

and 
in
 
th

e 
n
o
rth

­
w

estern
 N

o
rth

 
S

ea 
in
 
th

e 
autum

n« 
L

arv
al 

p
ro

d
u
c
tio

n
 a

t 
th

e 
B

uchan 
g

ro
u
n

d
s 

ap
p
eared

 
to
 

be 
h
ig

h
e
r 

th
an
 
in
 

1973« 
(A

0 
S

a
v
ille

«
 

D
0W

, 
M

cK
ay)«

S
u
rv

ey
s 

fo
r p

la
ic

e
 

eg
g
s 

and 
la

rv
ae

 w
ere 

c
a
rrie

d
 
o

u
t 

o
ff 

th
e 

e
a
st 

c
o

a
st 

o
f 

S
co

tlan
d
 

and 
in
 

th
e F

irth
 

o
f 

C
lyde« 

A
n
aly

sis 
o
f 

th
e 

F
irth

 
o
f 

C
lyde 

sam
p
les 

is
 
n
o
t 

y
e
t 

co
m

p
lete, 

b
u

t 
th

e 
e
a
st 

c
o
a
st 

su
rv

ey
 
co

n
firm

ed
 

p
rev

io
u

s 
fin

d
in

g
s 

o
f 

sp
aw

n
in

g 
in
 
th

e 
C

ly
th

n
ess 

a
rea

 
a
t 

th
e 

end 
o
f 

Jan
u

ary
 

and b
eg

in
n
in

g
 

o
f 

F
eb

ru
ary

 
and 

o
f 

fu
rth

e
r 

sp
aw

n
in

g 
in
 
S

t 
A

ndrew
s 

B
ay 

th
re

e
 

to
 
fo

u
r w

eeks 
la

te
r 

(D
«W

o 
A

rm
stro

n
g
, 

A
0 

N
ew

ton, 
M

«G
e 

P
o
x
to

n
).

S
p
rat 

eggs 
and 

la
rv

ae
 

w
ere 

sam
pled 

in
 
th

e 
a
re

a
 
o
ff 

th
e 

n
o
rth

 
c
o
a
st 

o
f 

S
co

tlan
d
 

and 
in
 
th

e 
n

o
rth

e
rn
 N

o
rth

 
S

ea« 
(R

0S«B
a
ile

y
)«

(b
) 

D
e
ta

ile
d
 

stu
d
y
 
o
f 

th
e 

eco
lo

g
y
 
o
f 

la
rv

a
l 

g
a
d

o
id

s« 
D

u
rin

g
 
A

p
ril 

1974 
g
ad

o
id
 
la

rv
a
e
 
to

g
e
th

e
r w

ith
 m

icro
- 

and m
acro

-zo
o

p
lan

k
to

n
 w

ere 
sam

pled 
alo

n
g
 
a 

lin
e
 
a
t 

0
0

o
30°E

 
fro

m
 

5
9
°0

0
8N 

to
 

6
l°0

0
flN
 and w

ith
in
 

a 
su

rv
ey

 
a
rea

 
40 

m
iles 

by 
40 m

iles 
c
e
n
tre

s 
on 

th
e
 
s
ta

tis
tic

a
l 

sq
u
are 

20E
. 

A
sso

ciated
 w

ith
 
th

e
se
 

w
ere 

o
b
se

rv
a
tio

n
s 

o
f 

te
m

p
era

tu
re

, 
s
a
lin

ity
, 

n
u
trie

n
ts, 

c
h
lo

ro
p
h
y
ll 

a 
and 

c
u
rre

n
t 

m
easurem

ents«

T
he 

stom
ach 

c
o

n
te

n
ts 

o
f 

th
e
 

m
ain g

ad
o
id

s 
p

re
se

n
t 

(N
orw

ay 
p
o
u
t, 

sa
ith

e
, 

h
ad

d
o

ck
, 

and w
h
itin

g
) 

h
av

e 
been 

an
aly

sed
 

an
d 

th
e 

re
su

lte
 w

ill 
form

 
th

e 
b
a
sis 

o
f 

a 
stu

d
y
 

o
f 

fo
o
d
 
in
 re

la
tio

n
 
to
 

m
io

ro
zo

o
p

lan
k

to
n
 
a
v
a
ila

­
b
ility

 and 
o
f 

p
o
ssib

le
 
in

te
rsp

e
c
ific

 
fe

e
d

in
g
 
o
v
e
rla

p
. 

L
arv

al 
d
is

tri­
b
u
tio

n
 
a
re 

b
ein

g
 
stu

d
ie

d
 
in
 re

la
tio

n
 
to
 

th
e 

ra
th

e
r 

com
plex 

h
y
d
ro

­
g
rap

h
ic 

c
o
n
d
itio

n
s 

in
 
th

e 
a
re

a
 

o
f 

th
e 

su
rv

ey
 

and 
it 

is
 

hoped 
to

 
o
b
ta

in
 
e
stim

a
te

s 
o
f 

g
ro

w
th
 

and m
o

rta
lity

.

It 
d

id
 n

o
t 

p
ro

v
e 

p
o
ssib

le
 
to
 
g
e
t 

g
ad

o
id
 
la

rv
ae
 
fo

r 
th

e 
a
sso

c
ia

te
d

 
ex

p
erim

en
ts 

in
 

th
e 

la
rg

e
 

p
o
ly

th
en

e 
e
n

c
lo

su
re

s 
a
t 

L
och Ew

e 
(R

«C
,

M
in

ten
, 

D
0Y

oP« 
C

onw
ay,R

, 
P

ayne 
an

d 
o
th

ers)«

C
o
n
tin

u
o
u
s 

re
co

rd
s 

o
f 

tem
p
eratu

re, 
s
a
lin

ity
, 

n
itra

te
 

and 
c
h
lo

ro
p
h
y
ll 

a 
o

b
tain

ed
 
d

u
rin

g
 

th
e 

A
p

ril 
c
m

ise
 
a
re 

b
ein

g
 u

sed
 
fo

r 
an 

a
sso

c
ia

te
d
 

an
a­

ly
s
is 

o
f 

p
atch

 
stru

c
tu

re
»
 

(j«H
o 

S
teele)»

(c
) 

T
he 

fo
o
d
 

o
f 

la
rv

a
l 

b
lu

e 
w

h
itin

g
, 

A 
stu

d
y
 
o
f 

th
e 

fo
o
d
 

o
f 

la
rv

a
l 

b
lu

e 
w

h
itin

g
 
in
 
th

e 
R

o
ck

aIl~
area”

(b
ased

 
on 

sam
p

les 
c
o

lle
c
te

d
 
in
 

19^7 
and 

19^8
) 

h
as 

b
een

 
co

m
p
leted

. 
E

g
g
s, 

n
a
u
p
lri 

and 
co

p
ep

o
d
id
 
stag

e
s 

o
f 

co
p
ep

o
d
s
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fo
rm

ed
 

o
v
er 

by 
m

om
bers, 

o
f 

th
e
 

fo
o
d
 
fo

u
n
d
 
in
 
th

e 
g
u
t, 

w
ith

 
clad

o
ceran

s
an

d 
la

rv
a
l 

eu
p

h
au

siid
s 

b
ein

g
 

th
e 

m
ost 

im
p

o
rtan

t 
o
f 

th
e 

o
th

e
r 

fo
o
d
 

o
rg

an
ism

s. 
T

he 
siz

e
 

o
f 

th
e 

fo
o
d
 

o
rg

an
ism

s 
g
e
n
e
ra

lly
 
in

c
rea

se
d
 w

ith
 
th

e 
siz

e
 

o
f 

th
e 

la
rv

a
e
.

T
he 

la
rv

a
e
 

cau
g
h
t 

o
v
er R

o
ck

all 
B

ank 
ap

p
eared

 
to
 

h
av

e 
a 

lo
w

er 
fe

e
d

in
g

 
su

c
c
ess, 

as 
ju

d
g
ed
 

by 
th

e 
num

ber 
o
f 

o
rg

an
ism

s 
in
 
th

e 
g

u
t, 

th
an
 
d
id
 
th

e 
la

rv
a
e
 

cau
g
h
t 

in
 
th

e 
m

ore 
o
cean

ic 
w

ater 
o
ff 

th
e 

sh
e
lf, 

ev
en
 
alth

o
u
g
h

 
th

e 
la

tte
r w

ater h
ad
 
a m

uch 
lo

w
er 

stan
d
in

g
 
sto

ck
 

o
f 

su
ita

b
le
 

fo
o
d

 
o
rg

an
ism

s 
th

an
 
d
id
 

th
e 

m
ixed 

w
ater 

o
v
er 

th
e
 

B
ank. 

A
s 

th
e
re
 

w
ere 

co
n

­
sid

e
ra

b
ly
 
few

er 
fis

h
 
la

rv
a
e
 

o
f 

a
li 

sp
e
cie

s 
in
 
th

e 
o

cean
ic 

w
ater 

th
e 

d
iffe

re
n
c
e
 

m
ay be 

due 
to
 
th

e 
am

ount 
o
f 

in
fra

 
in

te
rsp

e
c
ific

 
co

m
p
etitio

n
 

fo
r 

fo
o
d
.

D
iu

rn
al 

ch
an

g
es 

in
 b

o
th
 
fe

e
d
in

g
 
in

te
n
sity

 
and 

co
m

p
o
sitio

n
 
o
f 

th
e 

fo
o
d
 w

as 
a
iso

 
n

o
ted

. 
(D

.V
.P

. 
C

onw
ay).

(d
) 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
 

eg
g 

and
la

rv
a
e
 

d
ev

elo
p

m
en

t 
and 

su
rv

iv
a
l. 

E
x

p
erim

en
ts 

on 
th

e 
e
ffe

c
ts 

o
f 

d
iffe

re
n

t
ty

p
e
s 

o
f w

ater 
on h

e
rrin

g
 

eg
g
s 

and 
la

rv
ae
 

w
ere 

co
n
tin

u
ed
 
in
 

1974» 
th

e 
w

aters 
te

ste
d
 
b
ein

g
 
tak

en
 fro

m
 B

a
lla

n
tra

e
 

B
ank, 

Irv
in

e
 

B
ay 

and 
L

och E
w

e.
U

n
lik

e 
th

e 
1973 

re
su

lts
, 

w
h
ich 

show
ed 

sig
n

ific
a
n

t 
d
iffe

re
n
c
e
s 

in
 
th

e 
tim

es 
tak

en
 fo

r 
th

e 
eg

g
s 

to
 
h
a
tch

 
and 

in
 
la

rv
a
l 

m
o

rta
lity

 
a
fte

r h
a
tch

in
g
, 

no 
d
iffe

re
n
c
e
s 

w
ere 

fo
u
n
d
. 

C
h

em
ical 

a
n

a
ly

sis 
o
f 

th
e 

d
iffe

re
n

t 
w

aters 
u
sed

 
su

g
g

ested
 
th

a
i 

th
e 

le
v
e
l 

o
f 

co
n

tam
in

atio
n
 
in
 
th

e 
B

a
lla

n
tra

e
 

B
ank 

and 
Irv

in
e

 
B

ay w
ater w

as 
m

uch 
lo

w
er 

in
 

1974 
th

an
 
in
 

1973» 
(l«

G
. 

B
a
x

ter).

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

. 
A
 num

ber 
o
f 

sp
e
cie

s 
o
f n

an
o
p
lan

k
to

n
 

and 
d
iato

m
s 

a
re 

now
 m

ain
tain

ed
 
ro

u
tin

e
ly
 
in

 
b

a
c
te

ria
-fre

e
 
c
u
ltu

re
s 

fo
r 

ex
p
erim

en
tal 

p
u
rp

o
ses. 

O
th

er 
sp

e
cie

s 
are 

iso
la

te
d
 

as 
re

q
u
ire

d
 

fro
m
 n

a
tu

ra
l 

p
o

p
u

latio
n

s 
and m

ain
tain

ed
 g

e
n
e
ra

lly
 

as 
sh

o
rt-te

rm
 u

n
ia

lg
a
l 

c
u
ltu

re
s 

fo
r 

sp
e
c
ific

 
p
u
rp

o
ses.

P
h
y
sio

lo
g
ic

a
lly

 u
n

ifo
rm

 
a
lg

a
l 

m
a
te

ria
l, 

b
o
th
 
c
o
n
tro

l 
and 

c
o
p
p
e
r-tre

a
te

d
, 

can
 
a
iso

 
be 

p
ro

d
u

ced
 

from
 
a B

io
flo

w
 
ch

em
o
stat.

T
he 

e
ffe

c
t 

o
f 

a num
ber 

o
f 

h
eav

y
 m

etals 
(co

p
p
er, 

cadm
ium

, 
le

a
d
, 

z
in

c) 
on 

a
lg

a
l 

g
ro

w
th
 h

as 
b

een
 
ex

am
in

ed
, 

u
sin

g
 
o
p
tic

a
l 

d
e
n
sity

 
an

d 
c
e
ll 

num
bers 

as 
p
aram

eters 
o
f 

g
ro

w
th

. 
T

h
ese 

tech
n

iq
u

es 
h
av

e 
g
iv

en
 u

se
fu

l 
in

fo
rm

a
tio

n
 
fo

r 
sp

e
cie

s 
o
f 

n
an

o
p
lan

k
to

n
 b

u
t 

n
o
t 

fo
r 

th
e
 
d
iato

m
s. 

F
o
r 

th
e
se
 
v

ita
l 

sta
in

in
g

 
and 

flu
o

re
sce

n
c
e
 
m

icro
sco

p
y
 h

as 
g
iv

en
 
re

aso
n
ab

le
 m

easu
res 

o
f m

o
rb

id
ity

 
and 

m
o

rta
lity

. 
(j.A

. 
M

ow
at, 

S
. 

R
eid

).

E
x
p
erim

en
tal 

zo
o
p
lan

k
to

n
 
stu

d
ie

s. 
D

u
rin

g
 

1974 
th

e 
m

ain 
e
ffo

rt 
w

as 
d
ire

c
te

d
 

to
 
stu

d
ie

s 
o
f 

th
e 

zo
o
p
lan

k
to

n
 
in
 
fo

u
r 

p
o
ly

th
en

e 
co

lu
m

n
s, 

each
 
e
n
clo

sin
g

 
100 

m
^ 

o
f w

a
ter. 

T
h
ese 

w
ere 

m
o

n
ito

red
 

from
 A

p
ril 

u
n
til 

Ju
ly
 
to
 

stu
d
y
 
th

e 
e
ffe

c
ts 

on 
th

e
 
en

trap
p
ed
 

o
rg

an
ism

s 
o
f 

en
rich

ed
 
in

o
rg

a
n
ic
 
n

u
trie

n
t 

le
v

e
ls 

and 
o
f 

th
e 

a
d

d
itio

n
 
o
f 

in
o
rg

an
ic 

co
p
p
er.

A
lth

o
u
g
h
 
it 

w
as 

p
o
ssib

le
 

to
 
re

la
te
 
d

iffe
re

n
c
e
s 

in
 p

rim
ary

 p
ro

d
u
ctio

n
 

le
v
e
ls 

and 
th

e 
stan

d
in

g
 

sto
ck

s 
o
f 

su
sp

en
d

ed
 
p
a
rtic

u
la

te
 
m

a
tte

r 
to

 
n
u
trie

n
t 

le
v
e
ls, 

no 
d
iffe

re
n
c
e
s 

w
ere 

ap
p
aren

t 
in
 
th

e
 

zo
o
p
lan

k
to

n
 popu­

la
tio

n
s. 

S
im

ila
rly

f 
th

e
re
 

w
as 

no 
ch

ang
e 

su
b

seq
u

en
t 

on 
th

e 
a
d
d
itio

n
 o

f 
co

p
p

er, 
in
 
th

e 
zo

o
p

lan
k

to
n
 p

o
p
u
la

tio
n
 
stru

c
tu

re
 

alth
o

u
g

h
 
th

e 
fe

e
d
in

g
 

ex
p
erim

en
ts, 

u
sin

g
 p

h
y
to

p
lan

k
to

n
 
a
t 

n
o
rm

al 
le

v
e
ls 

o
f 

ab
u

n
d

an
ce, 

d
id

 
su

g
g
est 

a 
slig

h
t 

su
p

p
re

ssio
n
 
o
f 

a
c
tiv

ity
. 

T
h
is 

d
iffe

re
n

c
e
 

co
u
ld
 

be 
ex

p
lain

ed
 
p
a
rtly

 by 
th

e 
ch

an
g
es 

in
 p

h
y

to
p

lan
k

to
n
 p

o
p
u
la

tio
n
 
siz

e
 

sp
e
c
tra

 
o
f 

th
e 

co
p
p
er 

c
o
n
ta

in
in

g
 
e
n

c
lo

su
re

s.

It 
becam

e 
e
v

id
en

t 
th

a
t 

th
e 

zo
o
p
lan

k
to

n
 p

o
p

u
la

tio
n
 
stru

c
tu

re
 

w
as 

p
rim

a­
rily

 
d
eterm

in
ed
 

by 
th

e 
ab

u
n

d
an

t 
p

resen
ce 

o
f 

th
e 

lo
b
a
te
 

cten
o

p
h

o
re 

B
o
lin

o
p
sis 

in
fu

n
d
ib

u
lu

m
. 

T
h
is 

o
rg

an
ism

 
flo

u
rish

e
d
 
in
 
th

e 
en

trap
p

ed
 w

ater
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colum
ns 

as 
w

ell 
as 

in
 
th

e
 

o
u
tsid

e 
L

och, 
and 

its
 

p
resen

ce 
w

as 
c
o

rre
la

te
d

 
w

ith
 
a 

d
is

tin
c
t 

fa
ll 

in
 
th

e 
num

bers 
o
f h

erb
iv

o
ro

u
s 

zo
o
p
lan

k
te

ra
,p

a
rtic

u
la

rly
 

co
p

ep
o

d
s. 

C
o
rro

b
o
rativ

e 
w

ork 
on B

o
lin

o
p
sis 

show
ed 

it 
to
 

be 
a v

o
racio

u
s 

c
a
rn

i­
v
o

re 
e
a
sily

 
cap

ab
le 

to
 

d
em

o
lish

in
g
 

th
e 

m
easu

red 
p

o
p

u
la

tio
n
 
o
f 

h
e
rb

iv
o
re

s0

F
eed

in
g
 
ex

p
erim

en
ts 

w
ere 

a
iso

 
c
a
rrie

d
 

o
u
t 

u
sin

g
 
in

sh
o
re 

co
p
ep

o
d
s 

fro
m
 
th

e 
C

lyde 
and 

fro
m
 L

och E
w

e. 
T

he 
d

a
ta
 

from
 
th

e
se 

ex
p

erim
en

ts 
h

av
e 

y
e
t 

to
 

be 
e
v
a
lu

a
ted

 
b
u
t 

th
ey

 
a
re 

fo
rm

in
g
 
p
a
rt 

o
f 

a g
e
n

era
l 

b
ack

g
ro

u
n
d 

in
fo

rm
a
tio

n
 

on 
th

e
 

b
io

lo
g
y
 

o
f 

in
sh

o
re 

co
p
ep

o
d
s 

in
 
re

la
tio

n
 

to
 
n

a
tu

ra
l 

and m
an-m

ade 
ch

an
g
es 

in
 

en
v
iro

n
m

en
tal 

q
u

a
lity

.

A
ssista

n
c
e 

w
as 

a
iso

 
g
iv

en
 
to
 

th
e 

C
EPEX

 
en

clo
su

re 
ex

p
erim

en
t 

in
 

C
anada w

here 
th

e 
e
ffe

c
t 

o
f 

co
p

p
er 

a
d
d
itio

n
 
to
 

e
n

c
lo

su
re

s 
w

as 
ag

ain
 in

v
e
stig

a
te

d
. 

U
n
lik

e 
S

co
tlan

d
, 

it 
w

as 
h
ere 

fo
u
n
d
 
th

a
t 

co
p
p
er 

b
o
th
 m

ark
ed

ly
 
su

p
p
ressed

 
feed

in
g

 
a
c
tiv

ity
 

and 
red

u
ced

 
th

e 
stan

d
in

g
 
zo

o
p
lan

k
to

n
 p

o
p
u
la

tio
n
. 

(j.C
. 

G
am

ble,
D

oD
o 

S
eato

n
)c

T
he 

P
rogram

m
e 

fo
r 

1975 
T

he 
m

ain 
o

u
tlin

e
 

o
f 

th
e 

1975 
program

m
e 

w
ill 

be 
sim

ila
r 

to
 
th

a
t 

fo
llo

w
ed
 
in
 
1
9
7
4

» 
T

he 
m

ain 
in

sh
o
re 

a
re

a
s 

in
 w

h
ich 

p
lan

k
to

n
 

su
rv

ey
s 

w
ill 

be 
c
a
rrie

d
 

o
u
t 

w
ill 

be 
L

och L
in

n
h

e-L
o
ch
 
E

il, 
C

ro
m

arty
 F

irth
 

and F
irth

 
o
f F

o
rth

. 
In
 
o

ffsh
o
re
 
a
re

a
s 

th
e 

m
ain p

lan
k
to

n
 

sam
p
lin

g
 w

ill 
be 

aim
ed 

a
t 

(i) 
a 

stu
d

y
 

o
f 

th
e 

c
o

n
trib

u
tio

n
 m

ade 
by m

icro
-zo

o
p
lan

k
to

n
 
to
 

th
e 

to
ta

l 
zo

o
p

lan
k

to
n
 
stan

d
in

g
 
sto

ck
i 

(ii) 
th

e 
zo

o
p
lan

k
to

n
 

(in
c
lu

d
in

g
 n

eu
sto

n
) 

o
f 

th
e 

a
re

a
 

o
f 

la
rv

a
l 

g
ad

o
id
 

ab
u
n
d
an

ce 
e
a
st 

o
f 

S
h
etlan

d
 

and 
(iii) 

th
e 

S
cyphom

edusae 
o
f 

the--Jn
o

rth
e
rn

 N
o
rth

 
S

ea 
in
 m

id. 
sum

m
er. 

L
arv

al 
fis

h
 

su
rv

ey
s 

w
ill 

be 
b

a
sic

a
lly

 
as 

d
e
sc

rib
e
d
 
fo

r 
1974»

E
x
p

erim
en

tal 
w

ork w
ill 

ag
ain

 
be 

la
rg

e
ly
 co

n
cern

ed
 w

ith
 
(i) 

stu
d
ie

s 
o
f 

th
e 

p
h
y
to

p
lan

k
to

n
 

an
d 

zo
o
p
lan

k
to

n
 
in

 la
rg

e
 

p
o

ly
th

en
e 

e
n

c
lo

su
re

s 
a
t 

L
och Ew

e?
(ii) 

th
e 

e
ffe

c
t 

o
f 

en
v
iro

n
m

en
tal 

fa
c
to

rs 
on 

th
e 

d
ev

elo
p
m

en
t 

and 
su

rv
iv

a
l 

o
f 

h
e
rrin

g
 

eg
g
s 

and 
la

rv
a
e
 
w

ith
 

som
e 

ex
p
erim

en
ts 

b
ein

g
 

done 
in
 

th
e 

la
rg

e
 

p
o
ly

­
th

en
e 

e
n
clo

su
res 

and 
(iii) 

th
e 

c
u
ltu

re
 

o
f 

p
h
y
to

p
lan

k
to

n
 fo

r 
stu

d
ie

s 
o
f 

th
e 

e
ffe

c
ts 

o
f 

p
o

llu
ta

n
ts. 

In
c
re

a
sin

g
 u

se 
w

ill 
be 

m
ade 

o
f 

th
e 

co
p
p
er 

tre
a
te

d
 

a
lg

a
l 

c
u
ltu

re
s 

p
io

d
u

ced
 
in
 

th
e 

la
tte

r 
stu

d
y
 fo

r 
zo

o
p
lan

k
to

n
 fe

ed
in

g
 
e
x
p
e
ri­

m
en

ts.

2
. 

O
cean

o
g
rap

h
ic 

L
ab

o
rato

ry
, 

E
d
in

b
u
rg

h
 
(
l0M

cE
0R

0)

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 

S
u
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
 

1974 
on 

th
e 

sam
e 

b
a
sis 

as 
in

 p
rev

io
u

s 
y
e
a
rs. 

R
eco

rd
ers 

a
re 

tow
ed 

a
t 

a 
d

ep
th
 

o
f 

ten
 
m

etres 
a
t 

m
o
n
th

ly
 
in

te
rv

a
ls 

alo
n
g
 
th

e 
stan

d
a
rd
 ro

u
te

s 
show

n 
in

 F
ig

u
re 

1 
on page 

22.

L
u
rin

g
 
th

e 
p
a
st 

y
e
a
r, 

R
eco

rd
ers 

w
ere 

tow
ed 

fo
r 

III 
000 

m
iles 

by 
26 

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
ra

tio
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
 

an
d 

th
e 

re
su

lts 
have

b
een

 
p
ro

cessed
 
in
 
e
x

a
c
tly

 
th

e 
sam

e w
ay. 

T
he 

d
a
ta
 p

ro
c
essin

g
 

sy
stem

h
as 

b
een

 fu
lly

 co
m

p
u
terised

 
sin

c
e
 

1965 
and 

fu
ll 

d
e
ta

ils
, 

to
g
e
th

e
r w

ith
ex

am
p

les 
o
f 

co
m

p
u

ter 
o

u
tp

u
t, 

a
re 

g
iv

en
 by 

C
ole'brook 

(B
u
ll.m

ar.E
c
o
l. ,

in
 p

re
ss)o
 

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
cean

o
g

rap
h

ic
L

ab
o
rato

ry
.



22

M
IKE

INDIA

JUL IE TT'

F
ig

. 
1

T
he 

C
o

n
tin

u
o
u
s 

P
lan

k
to

n
 
R

eco
rd

er 
d
u
rin

g
 

1974» 
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.

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
 

1974» 
S

am
ples 

have 
b
een 

tak
en

 
re

g
u
la

rly
 

from
 
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.

O
cean W

eath
er 

S
h
ip
 

P
rogram

m
e 

An o
cean

ic 
m

o
d
ellin

g
 

ex
p

erim
en

t 
h
as 

b
een

 m
ain­

ta
in

e
d
 
a
t 

O
cean W

eath
er 

S
ta

tio
n
 

IN
D

IA
 

(5
9

°0
0

'N
 

19°00'W
) 

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
 

O
cto

b
er 

1974»

M
easurem

ents 
w

ere 
m

ade 
o
f 

s

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
ardy P

lan
k
to

n
 
R

eco
rd

ers.
b
) 

p
rim

ary
 
p
ro

d
u

c
tiv

ity
 

(^
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
ec

ies 
co

u
n
ts) 

in
 

th
e 

u
p
p
er 

200 
m

etres.



25 
-

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
ch

lo
rin

es 
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
 
su

rfa
c
e 

w
a
ter.

A
li 

program
m

es 
are 

su
p

p
o

rted
 

by 
th

e 
U

0K
0 

N
a
tu

ra
l 

E
n
v
iro

n
m

en
t 

R
esearch

 
C

o
u
n
cil,

5» 
D

u
n

staffn
ag

e 
M

arin
e 

R
esearch

 L
ab

o
rato

ry
 

(S
.M

.B
.A

.)

P
h

y
to

p
lan

k
to

n
 

Tw
o 

sta
tio

n
s 

in
 L

och C
reran

s 
p
h
y
to

p
lan

k
to

n
 
sp

e
cie

s 
co

m
p

o
sitio

n
 

and 
ab

u
n
d
an

ce 
ex

am
in

ed
, 

alo
n
g
 w

ith
 m

easu
rem

en
ts 

o
f 

c
h
lo

ro
p
h
y
ll 

and n
u
trie

n
ts 

in
c
lu

d
in

g
 v

itam
in
 B

^g. 
A 

sp
rin

g
 

bloom
 

o
f 

S
k
eleto

m
en

a 
co

statu
m
 

o
ccu

rred
 
a
t 

th
e 

end 
o
f M

arch, 
tw

o 
w

eeks 
la

te
r 

th
an
 
in
 p

rev
io

u
s 

y
e
a
rs. 

A
n

o
th

er 
bloom

 
o
f 

S
k
eleto

n
em

a 
o
ccu

rred
 

fro
m
 
e
a
rly

 S
ep

tem
b

er 
th

ro
u
g
h
 u

n
til 

e
a
rly

 
O

cto
b
er,

Z
o
o
p
lan

k
to

n
 
in
 

1974 
S

am
ples 

o
f 

o
cean

ic 
p
lan

k
to

n
 w

ere 
tak

en
 fro

m
 

0
-4
 

500 m
etres 

d
ep

th
 n

ear 
l6°W

 b
etw

een
 

4®
° 

an
d 

55°N
 
in

 M
arch, 

M
ay 

and 
N

ovem
ber. 

T
he 

b
io

lo
g
y

 
o
f 

d
o
m

in
an

t 
sp

e
ic

e
s 

in
 
th

e
se
 
h
au

ls 
is
 
b
ein

g
 

ex
am

in
ed

. 
S

tu
d
ies 

o
f 

th
e 

p
o

p
u

la
tio

n
s 

o
f 

P
areu

ch
aeta n

o
rv

eg
ica 

in
 

L
och E

tiv
e 

an
d n

e
a
r 

5
5

°N
 

1
2

°W
 
a
re 

c
o
n
tin

u
in

g
.

P
rogram

m
e 

fo
r 

1975 
A

n 
ex

am
in

atio
n
 w

ill 
be 

m
ade 

a
t 

one 
sta

tio
n
 
in
 L

och C
reran

 
o
f 

p
h
y
to

p
lan

k
to

n
 
sp

e
cie

s 
co

m
p
o
sitio

n
 

and 
ab

u
n

d
an

ce, 
c
h
lo

ro
p
h
y
ll 

and 
p
rim

ary
 

p
ro

d
u
c
tio

n
. 

P
a
rtic

u
la

r 
a
tte

n
tio

n
 w

ill 
be 

p
aid

 
to
 

p
h
o
sp

h
o
ru

s 
am

ong 
th

e 
n
u
trie

n
ts 

ex
am

in
ed

. 
A

n 
attem

p
t 

w
ill 

be 
m

ade 
to
 
re

p
lic

a
te
 

th
e 

S
k
eleto

n
em

a 
bloom

 
in
 
th

e 
la

b
o
ra

to
ry
 
in
 
th

e 
la

b
o
ra

to
ry
 
in
 
th

e 
sp

rin
g

. 
T

he 
zo

o
p

lan
k
to

n
 

stu
d
ie

s 
d
e
scrib

e
d
 

above w
ill 

c
o

n
tin

u
e
.

4
° 

D
ep

artm
en

t 
o
f 

B
io

lo
g

ic
a
l 

S
cien

ces, 
D

undee 
U

n
iv

e
rsity

S
cap

a F
lo

w
, 

O
rkney 

A 
stu

d
y
 
o
f 

th
e 

p
lan

k
to

n
 

o
f 

S
cap

a F
low

 
w

as 
sta

rte
d
 
in
 
Ju

ly
 

1974 
h
u
t 

th
e
 

sam
p
les 

h
av

e 
n
o
t 

y
e
t 

b
een

 
an

aly
sed

 
fo

r 
sp

e
cie

s 
co

m
p
o
sitio

n
 

(A
.M

o 
Jo

n
e
s).

U
oS.A

o 
(K

. 
S

herm
an)

1
. 

Ich
th

y
o

p
lan

k
to

n
 

S
u
rv

ey
s

1
.1

 
M

ARM
AP P

rogram
m

e
1
.2

 
Jo

in
t 

In
te

rn
a
tio

n
a
l 

S
u
rv

ey
s 

and 
O

p
eratio

n
s 

1
.5
 A

tla
n
tic

 
C

o
a
sta

l 
S

u
rv

ey
s

Io
4
 
E

a
ste

rn
 P

a
c
ific

 
S

u
rv

ey
s 

1
.5
 
E

stu
arin

e
 

S
tu

d
ie

s.

2
. 

L
arv

al 
S

tu
d

ies

3« 
M

arin
e 

C
o
n
tam

in
an

ts

3
.1

 
T

ra
n
sfe

r 
o
f 

P
o
llu

ta
n
ts 

th
ro

u
g

h
 F

ood 
C

hain
3
.2

 
S

tu
d
y
 
o
f 

E
ffe

c
ts 

o
f 

P
o
llu

ta
n
ts 

in
 
th

e 
N

ew
 

Y
ork 

B
ig

h
t

3
.3

 
P

h
y

sio
lo

g
ic

al 
E

ffe
c
ts 

o
f 

O
U
 

C
o
n
tam

in
an

t!o
n
 
in
 

S
an F

ra
n
c
isc

o
 

B
ay

3
.4

 A
lask

an
 C

o
a
sta

l W
aters.

4
. 

T
axonom

y 
an

d Z
o

o
g

eo
g

rap
h

y
 

o
f 

L
arv

al 
M

arin
e 

F
ish

4
.1

 
H

andbook 
o
f 

F
ish

 E
ggs 

and L
arv

ae 
o
f 

th
e 

C
a
lifo

rn
ia

n
 
C

u
rren

t
4

.2
 

N
om

eid 
T

axonom
y

4
»

3 
S

co
rp

aen
id
 

T
axonom

y
4

«
4 

C
alC

O
F

I 
N

eu
sto

n
 
C

o
llec

tio
n

s



- 
24

5
o 

T
rain

in
g
 
in
 
Ich

th
y

o
p

lan
k

to
n
 

T
axonom

y, 
S

am
p
lin

g
 

and P
ro

c
essin

g

5
.1

 V
isitin

g
 
S

c
ie

n
tists, 

N
M

FS, 
L

a 
Jo

lla
5

.2
 
In

te
rn

a
tio

n
a
l 

T
ra

in
in

g
 C

o
u

rse 
in

 P
ish

 E
ggs 

and 
L

arv
al 

S
tu

d
ies

5
.3

 
C

IC
A

R
 W

orkshop 
on P

ish
 E

ggs 
an

d L
arv

ae.

Go 
T

ech
n
ical 

D
evelopm

ents

6
.1

 
A

u
to

m
atic 

P
lan

k
to

n
 

S
o

rtin
g
 D

ev
elo

p
m

en
ts

6
.2

 
U

n
d

u
latin

g
 

O
cean

o
g
rap

h
ic 

R
eco

rd
er 

(U
O

R
)

1. 
Ich

ty
o
p
lan

k
to

n
 
S

u
rv

ey
s

101 
M

ARM
AP P

rogram
m

e

S
in

ce 
1971 

th
e 

N
atio

n
al 

M
arin

e F
ish

e
rie

s 
S

erv
ice 

h
as 

b
een

 
d
ev

elo
p
in

g
 

a 
n
a
tio

n
a
lly

 c
o

o
rd

in
a
ted

 
program

m
e 

fo
r M

arin
e 

R
eso

u
rces 

M
o

n
ito

rin
g

,
A

ssessm
en

t 
and 

P
re

d
ic

tio
n
 

(M
A

RM
A

P). 
S

u
rv

ey
s 

are 
co

n
d

u
cted

 
fo

r 
ic

h
th

y
o

­
p
la

n
k
to

n
, 

g
ro

u
n
d
fish

 
and 

p
e
la

g
ic 

fis
h
 
to
 

m
easure 

ch
an

g
es 

in
 
th

e 
d
istrib

u
tio

n
, 

ab
u
n
d
an

ce 
and 

c
o

n
d

itio
n
 
o
f 

p
rin

c
ip

a
l 

fis
h
 

sto
ck

s 
o
f 

th
e 

c
o

n
tin

e
n

ta
l 

sh
elv

es 
o
ff 

th
e 

U
0S

0 
an

a 
in
 
se

le
c
te

d
 
o
cean

ic 
re

g
io

n
s. 

T
he 

su
rv

ey
s 

su
p
p
o
rt 

com
­

p
reh

en
siv

e 
a
n

a
ly

ses 
o
f 

th
e 

e
ffe

c
ts 

o
f 

fish
in

g
 

on 
th

e 
sto

ck
s 

and 
o

th
e
r 

o
cean

o
g

rap
h

ic 
and b

io
lo

g
ic

a
l 

stu
d
ie

s 
underw

ay 
in
 
th

e 
N

atio
n

al 
M

arine 
F

ish
e
rie

s 
S

erv
ice 

(U
M

FS), 
se

v
e
ra

l 
u
n
iv

e
rs

itie
s
, 

S
ta

te
 
a
g
e
n
cie

s, 
and 

in
te

rn
a
tio

n
a
l 

o
rg

a
n
isa

tio
n
s. 

In
 

1973? 
as 

p
a
rt 

o
f 

th
e 

M
ARM

AP 
program

m
e, 

ic
h
th

y
o
p
lan

k
to

n
 

su
rv

ey
s 

w
ere 

co
n
d
u
cted

 
in
 
th

e 
A

tla
n

tic
 

fro
m
 
th

e 
G

u
lf 

o
f 

M
aine 

to
 
F

lo
rid

a
 
S

tra
its 

and fro
m
 

C
ape 

M
endocino 

to
 

th
e 

G
u

ii 
o
f 

C
a
lifo

rn
ia

e

1
02 

Jo
in

t 
In

te
rn

a
tio

n
a
l 

S
u
rv

ey
s 

and 
O

p
eratio

n
s

In
te

rn
a
tio

n
a
l 

C
om

m
ission fo

r 
th

e 
N

o
rth

w
est 

A
tla

n
tic

 
F

ish
e
rie

s 
(IC

N
A

F)
A
 
jo

in
t 

la
rv

a
l 

h
e
rrin

g
 

(C
lu

p
e
a faaro

n
g
u
s) 

su
rv

ey
 
in
 
th

e 
n

o
rth

w
est 

A
tla

n
tic

 
fro

m
 
th

e 
G

uii’ 
o
f 

M
aine 

to
 

th
e 

N
an

tu
ck

et 
S

h
o
als 

w
as 

co
m

p
leted

 
in
 

autum
n 

1973» 
A

s 
in
 
th

e 
p

receed
in

g
 

3 
y
e
a
rs, 

p
a
rtic

ip
a
tin

g
 
n

a
tio

n
s 

in
clu

d
ed

 
C

anada, 
F

e
d

era
l 

R
ep

u
b
lic 

o
f 

G
erm

any, 
F

ran
ce, 

P
o
lan

d
, 

an
d 

th
e 

U
SSR

. 
O

n 
th

e 
su

rv
ey

s 
stan

d
ard

 
sam

p
lin

g
 p

ro
ced

u
res 

w
ere 

fo
llo

w
ed

 u
sin

g
 p

a
ire

d
 

60 
cm
 

B
ongo 

p
lan

k
to

n
 n

e
ts 

fitte
d
 w

ith
 

O
o333 m

m
 

and 
0
.5

0
5
 

mm m
esh 

a
p

e
rtu

res?
 

a
li 

tow
s 

w
ere 

o
b
liq

u
e 

fro
m
 a m

axim
um

 
d
ep

th
 

o
f 

200 m
etres 

to
 
th

e
 

su
rfa

c
e
.

N
eu

sto
n
 
c
o
lle

c
tio

n
s 

w
ere 

m
ade 

a
t 

each
 
sta

tio
n
 w

ith
 
a 

2 
x
 

1 
m

etre 
re

c
ta

n
g
u
la

r 
fram

e 
fitte

d
 w

ith
 
0
.9

4
7
 

mm m
esh 

a
p
e
rtu

re
s. 

E
n
v
iro

n
m

en
tal 

o
b
se

rv
a
tio

n
s 

in
c
lu

d
ed

 h
y
d
ro

g
rap

h
ic 

c
a
sts 

fo
r 

tem
p
eratu

re, 
s
a
lin

ity
 

and 
a
n
c
illa

ry
 m

e
teo

ro
lo

g
ic

al 
m

easu
rem

en
ts. 

A
s 

in
 
fo

rm
er y

e
a
rs, 

sm
all 

la
rv

a
e
 w

ere 
c
o
n
c
en

trate
d
 
p

rin
c
ip

a
lly

 w
ith

in
 

th
e 

200 m
etre 

iso
b
a
th

 
on 

th
e 

G
eo

rg
es 

B
ank. 

S
ig

n
ific

a
n
tly

, 
g

re
a
te

r num
bers 

o
f 

la
rv

a
e
 

w
ere 

fo
u
n
d
 
in
 

1973 
th

an
 in

 
1972. 

F
o

r 
th

e 
e
n

tire
 

su
rv

ey
 
a
re

a
, 

th
e 

av
erag

e 
in

c
re

a
se
 

in. ab
u
n
d
an

ce 
w

as 
ab

o
u
t 

5 
tim

es 
g

re
a
te

r 
th

an
 
in
 

1972. 
T

he 
1973 y

e
a
r 

c
la

ss 
w

ill 
be 

c
a
re

fu
lly

 m
o
n
ito

red
 
to
 
d
eterm

in
e 

th
e 

im
p
act 

o
f 

la
rv

a
l 

su
rv

iv
a
l 

on 
su

b
seq

u
en

t 
re

c
ru

itm
en

t 
to
 
th

e
 
ju

v
e
n
ile
 

and 
a
d

u
lt 

h
e
rrin

g
 fish

e
rie

s
. 

T
he 

re
s
u
lts 

o
f 

th
e 

1973 
su

rv
ey

 w
ere 

a
v

a
ila

b
le
 
fo

r 
d
isc

u
ssio

n
 d

u
rin

g
 
th

e 
Ju

n
e 

1974 
IC

N
A

F 
m

eetin
g
, 

w
here 

p
lan

s 
w

ere 
m

ade 
fo

r 
a
n

o
th

e
r 

jo
in

t 
su

rv
ey
 
in
 

autum
n 

1974°

E
a
ste

rn
 P

a
c
ific

 
H

ake 
C

o
o
p
erativ

e 
su

rv
ey

s 
fo

r 
la

rv
a
l 

hake 
w

ere 
co

n
d
u
cted

 
w

ith
 
th

e 
U

SSR
 

on 
th

e
 
re

se
a
rc

h
 v

e
sse

l 
EK

V
A

T0R 
(EQ

U
A

TO
R

) 
b

ased
 
in

 
Y

lad
iv

o
sto

ck
. 

S
am

p
lin

g
 w

as 
co

n
d
u
cted

 
fro

m
 

S
an F

ra
n

cisco
 

B
ay 

so
u
th
 
o
f P

u
n
ta 

E
u
g
en

ia, 
M

exico, 
d

u
rin

g
 F

eb
ru

ary
-M

arch
 

1974° 
C

o
lle

c
tio

n
s 

o
f 

eg
g

s 
an

s 
la

rv
a
e

 
o
f 

hake 
w

ere 
su

b
d
iv

id
ed

 w
ith

 h
a
lf 

o
f 

each
 

sam
p

le 
to
 

be 
an

aly
sed

 
in

 V
la

d
i- 

v
o
sto

ck
 

and 
th

e 
o
th

e
r h

a
lf 

by 
s
c
ie

n
tis

ts 
o
f 

th
e 

S
o
u
th

w
est 

F
ish

e
rie

s 
C

en
ter, 

N
M

FS, 
L

a J
o

lla
, 

C
a
lifo

rn
ia

. 
T

he 
re

s
u

lts 
o
f 

th
e 

su
rv

ey
 w

ill 
c
o
n
trib

u
te
 

to
 

th
e 

d
ev

elo
p
m

en
t 

o
f 

a m
anagem

ent 
p
o
lic

y
 
th

a
t 

w
ill 

allo
w

 
fo

r m
o

d
ifica

tio
n

s 
o
f 

h
a
rv

e
st 

le
v
e
ls 

b
ased

 
on m

o
n

ito
rin

g
 ch

an
g
es 

in
 
re

­
c
ru

itm
e
n
t 

an
d 

e
stim

a
te

s 
o
f 

th
e 

siz
e
 

o
f 

th
e 

co
m

m
ercial 

sto
ck

.



25

U
n
ited

 
K

ingdom
 

A
s 

p
a
rt 

o
f 

a 
c
o
n
tin

u
in

g
 
jo

in
t 

program
m

e 
w

ith
 
th

e 
In

s
titu

te
 

fo
r M

arin
e 

E
n
v
iro

n
m

en
tal 

R
esearch

 
(IM

E
R

), 
P

ly
m

o
u
th

, 
U

.K
. , 

m
o
n
th

ly
 

sam
p
lin

g
 

h
as 

b
een

 
in

itia
te

d
 by 

th
e 

M
ARM

AP F
ie

ld
 

G
roup, 

N
M

FS, 
N

a
rra

g
a
n
se

tt, 
R

eI
0

, 
w

ith
 
th

e 
C

o
n
tin

u
o
u
s 

P
lan

k
to

n
 R

eco
rd

er 
(C

PR
) 

on 
a ro

u
te
 

fro
m
 B

o
sto

n
 

to
 

B
erm

uda, 
and w

ith
 th

e
 IM

S
. 

C
o
ast 

G
uard 

from
 

C
h
esap

eak
e 

B
ay 

to
 

o
cean

 
sta

tio
n
 H

o
telo
 

T
he 

C
PR
 
d
a
ta 

a
re 

u
sed

 
to
 
m

o
n

ito
r 

ch
an

g
es 

in
 p

lan
k
to

n
 

p
o

p
u

latio
n
s 

in
 
th

e
 

N
o
rth

 A
tlan

tic- 
in
 
re

la
tio

n
 
to
 

th
e 

a
v

a
ila

b
ility

, 
ab

u
n

d
an

ce, 
an

d 
c
o
n
d
itio

n
 
o
f 

fis
h
 
sto

c
k
s. 

A
nnual 

re
p

o
rts 

on 
ch

an
g
es 

in
 

p
lan

k
to

n
 p

o
p
u
latio

n
s 

a
re
 

su
b

m
itted

 by 
IM

ER
 
to
 

IC
N

A
F 

fo
r 

c
o
n
sid

e
ra

tio
n

 
in
 
fis

h
 
sto

ck
s 

assessm
en

t 
in

v
e
stig

a
tio

n
s.. 

T
he 

C
PR
 
tra

n
se

c
ts 

m
ade 

o
ff 

th
e 

U
oSo 

c
o
a
st 

w
ill 

be 
an

aly
sed

 
in

 N
a
rra

g
an

se
tt 

and 
th

e 
re

su
lts 

re
p
o
rte

d
 

to
 

th
e 

Ju
n
e 

1975 
IC

N
A

F 
m

eetin
g
o

P
o
lan

d
 

In
 Ju

ly
 

1974, 
NM

FS 
an

d 
th

e 
S

ea F
ish

e
rie

s 
In

s
titu

te
, 

G
dynia 

e
sta

b
lish

e
d
 

a P
lan

k
to

n
 
S

o
rtin

g
 
C

en
ter. 

T
he 

C
en

ter, 
lo

c
a
te

d
 
in
 
S

zczecin
, 

P
o
lan

d
, 

w
as 

e
sta

b
lish

e
d
 
jo

in
tly

 w
ith

 
a 

c
o

n
trib

u
tio

n
 

o
f 

U
.S

. 
c
o
u
n
te

rp
a
rt 

fu
n
d
s 

a
llo

c
a
te

d
 
to
 

N
O

A
! 

and 
a 

la
rg

e
 
c
o

n
trib

u
tio

n
 

o
f 

fu
n

d
s 

from
 
th

e 
P

o
lish

 G
overnm

ent. 
A 

b
u
ild

in
g
 h

as 
b

een
 
c
o
n
stru

c
te

d
 

on 
th

e 
cam

pus 
o
f 

th
e 

C
o
lleg

e 
o
f 

A
g
ricu

ltu
re 

and F
ish

e
rie

s 
in
 
S

zczecin
 
th

a
t 

in
c
lu

d
e
s 

a 
le

c
tu

re
 

room
, 

th
re

e
 
s
c
ie

n
tific

 
la

b
o

ra
to

rie
s, 

and 
a 

la
rg

e
 
so

rtin
g
 

room
 cap

ab
le 

o
f 

h
an

d
lin

g
 up 

to
 

5 
000 

p
lan

k
to

n
 

sam
ples 

p
er y

e
a
r. 

D
u
rin

g
 
th

e 
firs

t 
6 

m
onths 

o
f 

o
p
e
ratio

n
 

an 
ich

th
y
o
p
lan

k
to

n
 
so

rtin
g
 

and 
taxonom

y 
tra

in
in

g
 

program
m

e 
w

ill 
be 

in
itia

te
d
 
th

a
t 

w
ill 

in
v
o
lv

e 
th

e 
ex

ch
an

g
e 

o
f 

s
c
ie

n
tis

ts 
b
etw

een
 

th
e 

U
.S

. 
and P

o
lan

d
. 

D
rs 

S
te

fa
n
 G

rim
m

, 
L

eo
n
ard 

Izem
o
n
t, 

and 
Id

z
i 

D
ry

zy
cim

sk
i 

assig
n

ed
 
to
 

th
e 

S
o
rtin

g
 C

en
ter w

ill 
be 

v
is

itin
g
 
th

e 
N

o
rth

east 
F

ish
e
rie

s 
C

en
ter, 

W
oods 

H
o

le, 
and N

a
rra

g
an

se
tt, 

fo
r 

tra
in

in
g

 
in
 p

lan
k
to

n
 
so

rtin
g
 

and 
taxonom

y fo
r 

3 
w

eek
s, 

in
 

S
ep

tem
b

er 
1974»

M
r 

D
avid 

K
ram

er, 
N

M
FS, 

L
a 

J
o

lla
, 

w
ill 

v
is

it 
th

e 
fa

c
ility

 
in
 
S

zczecin
 
fo

r 
se

v
e
ra

l 
w

eeks 
in
 

O
cto

b
er 

1974 
to
 
p

ro
v

id
e 

tra
in

in
g
 
in
 
la

rv
a
l 

taxonom
y.

T
he 

C
en

ter w
ill 

p
ro

v
id

e 
so

rtin
g
 
se

rv
ic

e
s 

fo
r 

p
lan

k
to

n
 

sam
p
les 

c
o

lle
c
te

d
 

as 
p
a
rt 

o
f 

th
e 

a
c
c
e
le

ra
te

d
 

IC
N

A
F 

fis
h
 
sto

ck
 
assessm

en
t 

stu
d
ie

s 
now

 
underw

ay 
in
 
th

e 
N

o
rth

w
est 

A
tlá

n
tic

o
 

T
he 

fa
c
ility

 w
ill 

be 
en

g
ag

ed 
in
 
sp

e
c
ia

l 
stu

d
ie

s 
to
 

ad
v
an

ce 
p
lan

k
to

n
 
so

rtin
g
 
te

ch
n

iq
u

es. 
T

he 
tim

e 
consum

ing 
and 

ex
p
en

siv
e 

hand 
so

rtin
g
 m

ethods 
now

 
in
 
u

se 
im

pose 
sev

ere 
lim

its 
on a

tte
m

p
ts 

to
 
g

a
in

 
a 

b
e
tte

r 
in

sig
h
t 

on 
th

e 
fo

o
d

-re
la

te
d
 
fa

c
to

rs 
c
o
n
tro

llin
g
 
la

rv
a
l 

fis
h
 
su

r­
v
iv

a
l 

in
 
th

e 
o
cean

. 
In
 
a
d
d
itio

n
 
to
 
ro

u
tin

e
 
so

rtin
g
 
o
p
e
ra

tio
n
s, 

ra
p
id

 
m

eans 
fo

r 
so

rtin
g
 p

la
n

k
to

n
, 

in
c
lu

d
in

g
 
au

to
m

ated
 
d
e
n
sity

 g
ra

d
ie

n
t 

g
e
n
e
ra

to
r 

sy
stem

s 
and 

co
u
n
tin

g
 and 

siz
in

g
 

sy
stem

s 
w

ill 
be 

em
ployed 

an
d 

te
ste

d
 

by 
th

e 
C

en
ter 

s
ta

ff.

1
.3

 A
tla

n
tic

 
C

o
astal 

S
u
rv

ey
s

In
 

1973s 
sp

rin
g
 an

d 
autum

n 
su

rv
ey

s 
fo

r g
ro

u
n

d
fish

 an
d 

ich
th

y
o
p
lan

k
to

n
 

u
sin

g
 
stan

d
ard

 
M

ARM
AP 

sam
p
lin

g
 m

ethods 
w

ere 
co

n
d

u
cted

 
from

 N
ova 

S
c
o

tia
 

to
 
F

lo
rid

a
. 

T
he 

c
o

o
rd

in
a
ted

 M
ARM

AP 
su

rv
ey

s 
in

clu
d
ed
 

th
e 

v
e
sse

ls 
"A

lb
a
tro

ss 
IV

” 
fro

m
 
th

e 
N

o
rth

e
ast 

F
ish

e
rie

s 
C

en
ter, 

N
M

FS, 
W

oods 
H

ole? 
th

e 
"D

elaw
are 

II"
 

and 
th

e 
"A

tla
n

tic
 

T
w

in" 
from

 
th

e 
M

id
d
le 

A
tla

n
tic

 
C

o
a
sta

l F
ish

e
rie

s 
C

en
ter, 

N
M

FS, 
S

andy H
ook, 

N
ew
 
Jersey

? 
and 

th
e 

"D
o

lp
h

in
" 

o
p
erated

 
by 

th
e 

S
ta

te
 

o
f 

S
o

u
th
 

C
aro

lin
a.«
 

S
am

ples 
c
o

lle
c
te

d
 
o
ff 

th
e 

N
ew

 
E

n
g

land
 
c
o
a
st 

a
re 

b
ein

g
 
so

rte
d
 
a
t 

th
e 

N
o
rth

east 
F

ish
e
rie

s 
C

en
ter, 

N
arra­

g
a
n
se

tt. 
R

e
su

lts w
ill 

be 
a
v

a
ila

b
le
 

in
 
la

te
 

1974°

M
id

-A
tlan

tic 
C

o
a
sta

l 
R

eg
io

n
 

D
u
rin

g
 
sp

rin
g
 

1973 
su

rv
ey

, 
th

e 
d
o
m

in
an

t 
la

rv
a
e

 
from

 N
ew
 Je

rse
y
 
to
 

C
apa 

F
e
ar, 

w
ere 

sp
o

t 
L

eio
sto

m
u

s 
x
an

th
u
ru

s 
and w

eak
fish

 
C

y
n
o
scio

n 
re

g
a
lis? 

o
ff 

th
e 

S
o
u
th
 
C

a
ro

lin
a, 

G
eo

rg
ia, 

and F
lo

rid
a
 
c
o
a
sts 

la
rv

a
l 

sp
o
tte

d
 

h
ak

e 
U

ro
p

h
y

cis 
reg

iu
s-, 

sp
o
t, 

and 
c
ro

a
k

ers 
M

icropogon d
o
m

in
ated

 
th

e 
c
a
tc

h
e
s. 

D
u
rin

g
 
th

e 
autum

n 
1973» 

su
rv

ey
 
in
 
th

e 
m

id
-A

tla
n
tic 

B
ig

h
t,

98 
p
lan

k
to

n
 

sam
p
les 

and 
l6

b
 
n

eu
sto

n
 

sam
ples 

w
ere 

c
o
lle

c
te

d
. 

S
o
rtin

g
 

and 
id

e
n

tific
a
tio

n
 

o
f 

la
rv

a
e
 

an
d 

ju
v
e
n
ile

 
fish

e
s 

from
 
th

e
se
 

sam
p
les 

h
as 

b
een

 
co

m
p

leted
. 

H
akes 

o
f 

th
e 

g
en

u
s 

U
ro

p
h
y
cis 

p
red

o
m

in
ated

. 
T

he 
c
e
n
te

r 
o
f 

th
e
ir 

ab
u
n
d
an

ce 
w

as 
o
ff 

th
e 

so
u
th

ern
 N

ew
 E

n
g

land
 
c
o

a
st, 

o
v
er 

d
ep

th
s 

b
etw

een
 

36 
an

d 
90 m

e
tre

s.
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A
n
aly

ses 
o
f 

IO
 
y

e
a
rs 

o
f 

la
rv

a
l 

su
rv

ey
 
d
a
ta 

fo
r 

sum
m

er 
flo

u
n

d
e
r P

a
ra

lic
h
th

y
s 

d
e
n
ta

tu
s, 

h
ak

e M
erlu

cciu
s 

b
ilin

e
a
ris

, 
b
lu

e
fish

 P
om

atpinus 
s
a
lta

trix
 

and 
m

ack
erel 

S
com

ber 
scom

brus 
h

as 
b

een
 
co

m
p
leted

 
re

c
e
n
tly

 by 
th

e 
s
ta

ff 
o
f 

th
e 

M
id

-A
tlan

tic 
F

ish
e
rie

s 
C

en
ter, 

S
andy H

ook» 
T

he 
m

ost 
p
ro

d
u
c
tiv

e 
spaw

ning- 
g

ro
u

n
d
 

o
f 

sum
m

er 
flo

u
n

d
e
r, 

w
as 

lo
c
a
te

d
 
o
ff 

N
ew
 Y

ork an
d N

ew
 
Jersey

,,
S

paw
ning 

o
f 

th
is 

sp
e
cie

s 
b

eg
in

s 
in
 
so

u
th

ern
 N

ew
 E

n
g
lan

d
 an

d N
ew
 Y

ork 
w

aters 
in
 

S
ep

tem
b

er 
and 

p
ro

g
re

sse
s 

so
u
th

w
ard

 w
ith

 
th

e 
seaso

n
. 

E
ggs 

o
ccu

r 
n

o
rth

 
o
f 

C
h
esap

eak
e 

S
ay fro

m
 
S

ep
tem

b
er 

to
 

D
ecem

ber 
and 

so
u
th
 

o
f 

th
e 

B
ay 

fro
m
 N

ovem
ber 

to
 
F

eb
ru

ary
? 

la
rv

ae
 

a
re 

fo
u
n
d
 
n
o
rth

 
o
f 

C
h

esap
eak

e 
B

ay from
 

S
ep

tem
b
er 

to
 
F

eb
ru

ary
 an

d 
so

u
th
 
o
f 

th
e 

B
ay 

from
 N

ovem
ber 

to
 

M
ay, 

A
lth

o
u

g
h

 
sp

aw
n
in

g
 
o
ccu

rs 
o
ffsh

o
re

, 
th

e 
young 

a
re 

e
stu

a
rin

e
 

d
ep

en
d

en
t, 

B
lu

e
fish

 
spaw

n 
o
ffsh

o
re

, 
n

e
a
r 

th
e 

in
n
e
r 

edge 
o
f 

th
e 

G
u
lf 

S
tream

 fro
m
 F

lo
rid

a
 
to

 
N

o
rth

 
C

a
ro

lin
a 

in
 
th

e 
sp

rin
g

, 
and 

in
 M

iddle A
tla

n
tic
 

B
ig

h
t 

w
aters 

in
 m

id­
sum

m
er. 

T
he 

re
la

tiv
e
 

im
p

o
rtan

ce 
to
 

th
e 

p
o
p
u
la

tio
n
 

o
f 

th
e
se
 

tw
o 

sp
aw

n
in

g
s 

is
 

as 
y

e
t 

unknow
n. 

T
hose 

spaw
ned 

in
 

th
e 

sp
rin

g
 

sp
en

d 
th

e
ir 

firs
t 

sum
m

er 
in
 
e
stu

a
rie

s 
alo

n
g
 
th

e 
M

id
d
le 

A
tla

n
tic

 
B

ig
h

t 
and 

a
re 

cau
g
h
t 

as 
"sn

ap
p
ers19 

(2
0 

to
 

25 
cm

) 
in
 
la

te
r 

sum
m

er 
and 

e
a
rly

 fa
ll, 

B
lu

e
fish

 
spaw

ned 
in
 

sum
m

er 
rem

ain 
ad 

sea 
an

d 
a
re 

tra
n
sp

o
rte

d
 

so
u
th
 

o
f 

C
ape 

H
a
lte

ra
s 

in
 
e
a
rly

 fa
ll w

hen 
th

ey
 
a
re 

5 
- 

7 
cm
 
lo

n
g
. 

S
ilv

e
r 

h
ak

e 
spaw

n b
etw

een
 N

ew
 E

n
g
lan

d
 an

d N
o

rth
 

C
a
ro

lin
a
 from

 M
ay un m

l 
N

ovem
ber, 

w
ith

 p
eak

 
in
 Ju

n
e? 

m
ost 

sp
aw

n
in

g
 
ta

k
e
s 

p
lace 

o
ff 

so
u

th
ern

 N
ew
 E

n
g
lan

d
 

an
d 

th
e 

eg
g
s 

and 
e
a
rly

 
la

rv
a
l 

sta
g
e
s 

a
re 

c
a
rrie

d
 
to
 
th

e 
so

u
th

w
est 

alo
n
g
 
th

e 
c
o

n
tin

e
n

ta
l 

sh
e
lf.

S
o
u
th

east 
C

o
astal 

R
eg

io
n
 

T
he 

c
o
a
sta

l w
aters 

from
 N

o
rth

 C
a
ro

lin
a
 
to
 

C
ape 

K
ennedy w

ere 
su

rv
ey

ed
 by 

th
e 

S
o
u
th
 
C

a
ro

lin
a M

arin
e 

F
ish

e
rie

s 
D

ep
artm

en
t, 

as 
p
a
rt 

o
f 

th
e 

M
ARM

AP program
m

e. 
T

he 
d
o
m

in
an

t 
la

rv
a
e
 
in
 

sp
rin

g
^w

ere 
m

u
lle

ts 
(M

u
g
ilid

ae), 
b
lu

e
fish

 Pom
ato

m
u
s, 

ja
ck

s 
(c

a
ra

n
g
id

s), 
fly

in
g
fish

 
(e

x
o
c
o
e
tid

s), 
and 

d
o
lp

h
in
 

(C
o
ry

p
haen

id
ae^ 

M
u
llets w

ere 
ab

u
n
d
an

t 
in

sh
o
re 

o
f 

th
e 

40 
m 

iso
b
a
th
 
a
li 

alo
n
g
 
th

e 
c
o

a
st. 

In
 
c
o

n
tra

st, 
b
lu

e
fish

 
and 

d
o
lp

h
in
 
la

rv
a
e
 w

ere 
c
o
n
c
e
n
tra

ted
 
in
 
a n

ew
ly d

isco
v
ered

 
a
re

a
 
o
f u

p
w

ellin
g
 

100 
to
 

125 
k

ilo
m

e
ters 

e
a
st 

o
f 

C
h
a
rle

sto
n

, 
S

o
u
th
 C

a
ro

lin
a
, 

5i au
tu

m
n
, 

th
e 

d
o
m

in
an

t 
ic

h
th

y
o
p
la

n
k

ters 
w

ere 
h
ak

es 
(u

ro
p
h
y
c
id

s), 
fo

llo
w

ed
 
in
 
d
e
c
re

a
sin

g
 num

bers 
by 

s
c
ia

e
n
u
s
, 

c
lu

p
e
id

s 
and 

b
o

th
id

s.

M
enhaden 

A
t 

th
e 

A
tla

n
tic

 
E

stu
a
rin

e
 

C
en

ter, 
N

M
FS, 

B
e
au

fo
rt, 

N
o

rth
 C

a
ro

lin
a
, 

ich
th

y
o
p
lan

k
to

n
 
stu

d
ie

s 
fo

cu
sed

 
on 

c
h

a
ra

c
te

risin
g
 
th

e 
sp

aw
n

in
g 

a
re

a
s 

and 
la

rv
a
l 

d
isp

e
rsa

l 
o
f A

tla
n
tic

 
m

enhaden B
re

v
o
o
rtia 

ty
ran

n
u
s, 

P
ro

g
ress 

w
as 

m
ade 

in
 

th
e 

a
p
p
lic

a
tio

n
 
o
f m

e
teo

ro
lo

g
ic

al 
and 

o
cean

o
g
rap

h
ic 

d
ara 

to
 
th

e 
d
e
lin

e
a
tio

n
 

o
f 

p
ro

c
esses 

re
sp

o
n

sib
le
 
fo

r 
th

e 
tra

n
sp

o
rt 

o
f m

enhaden 
la

rv
a
e 

fro
m
 
o
ffsh

o
re 

sp
aw

n
in

g
 g

ro
u
n
d
s 

to
 
in

sh
o

re 
n
u
rsery

 
a
re

a
s 

b
etw

een
 L

ong Isla
n
d
, 

N
ew

 Y
ork, 

an
d 

C
ape 

C
an

av
eral, 

F
lo

rid
a
e 

In
itia

l 
a
n

a
ly

se
s 

show
ed 

a 
sig

n
ific

a
n
t 

c
o

rre
­

la
tio

n
 

b
etw

een
 

o
n

sh
o
re 

E
km

an 
tra

n
sp

o
rt, 

com
puted 

fro
m
 h

isto
ric

a
l 

w
o
rld

-w
id

e 
fie

ld
 
d

a
ta by 

th
e 

N
M

FS8P
a
c
ific

 
and A

tla
n
tic

 
E

n
v
iro

n
m

en
tal 

«¿roups 
and 

th
e 

stre
n

g
th
 

o
f m

enhaden y
e
a
r 

c
la

sse
s 

on 
th

e 
A

tla
n
tic

 
c
o

a
st. 

In
te

n
siv

e
 
fie

ld
 

stu
d
ie

s 
on 

O
nslow

 
B

ay, 
N

o
rth

 
C

a
ro

lin
a
, 

to
 
d
e
fin

e
 

th
e 

la
rv

a
l 

tra
n

sp
o

rt 
p
ro

c
esses 

w
ere 

co
m

p
leted

 
in

 A
p

ril 
1974*

I
,4 E

a
ste

rn
 P

a
c
ific

 
S

u
rv

ey
s

C
alC

O
F

I 
tim

e 
se

rie
s 

a
n

a
ly

ses 
A
 

rev
iew

 
and 

a
n

a
ly

ses 
o
f 

th
e 

d
a
ta
 

fro
m
 C

alC
O

F
I 

ich
th

y
o

p
lan

k
to

n
 

su
rv

ey
 
o
p
e
ra

tio
n
s 

o
v
er 

th
e 

la
s
t 

se
v
e
ra

l 
d
ecad

es 
is
 

underw
ay 

a
t 

th
e
 

S
o
u
th

w
est 

F
ish

e
rie

s 
C

en
ter, 

N
M

FS, 
L

a J
o

lla
, 

T
he 

ta
sk

 
is
 

ex
p
ected

 
to

 
p
ro

d
u
ce 

a b
ib

lio
g
ra

p
h
y
 
o
f 

aboixt 
2 

000 
e
n

trie
s, 

in
c
lu

d
in

g
 
(l) 

a 
sum

m
ary 

o
f 

e
x
istin

g
 
tim

e
-se

rie
s 

d
a
ta

, 
(2

) 
assem

b
ly
 
o
f 

d
a
ta
 
in
 
co

m
p

u
terised

 
an

d u
n

ifo
rm

 
ta

b
u
la

r fo
rm

at, 
an

d 
(3

) 
a book 

c
o
n
ta

in
in

g
 
a 

c
ritic

a
l 

e
v
a
lu

a
tio

n
 
o
f 

th
e 

C
alC

O
F

I 
program

m
e 

e
sp

e
c
ia

lly
 in

 
re

sp
e
c
t 

to
 
fu

tu
re
 

w
ork 

on 
o
th

e
r 

o
cean

ic 
re

g
io

n
s 

u
n
d
er 

th
e 

N
M

FS-M
A

BM
A

P program
m

e. 
A

m
ong 

th
e 

d
a
ta
 
assem

b
led

 
fo

r 
th

e 
p
ro

je
c
t 

a
re 

la
rv

a
l 

re
co

rd
s 

fo
r 

in
sh

o
re 

sp
o

rtfish
, 

in
c
lu

d
in

g
 w

h
ite 

seab
ass 

S
te

re
o

le
p

is 
g
ig

a
s, 

C
a
lifo

rn
ia
 h

a
lib

u
t 

P
ara

lic
h

th
y

s 
c
a
lifo

rn
ic

u
s, 

h
alfm

o
o

n
 

M
ed

ialu
n
a 

c
a
lifo

rn
ie

n
s
is

, 
o
cean

 w
h

ite
fish

 
C

a
u
lo

la
tilu

s 
cy

an
o

p
s, 

C
a
lifo

rn
ia
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y
e
llo

w
ta

il 
S

e
rio

la
 
d
o
rsa

lis 9 
an

d 
C

a
lifo

rn
ia
 
'b

arracu
d
a 

S
p
h
y
raen

a a
rg

e
n
te

a
0 

A
 
tim

e
-se

rie
s 

d
e
sc

rib
in

g
 
ch

an
g
es 

in
 
se

aso
n

a
l 

and 
re

g
io

n
a
l 

d
iffe

re
n

c
e
s 

in
 

d
istrib

u
tio

n
 
o
f 

ch
aeto

g
n

ath
s 

h
as 

a
iso

 
b
een

 
assem

b
led

 
fo

r 
th

e 
sam

e 
tim

e 
p

erio
d

«
 

U
sin

g
 
a 

tim
e
-se

rie
s 

o
f 

en
v
iro

n
m

en
tal 

p
aram

eters, 
an 

in
d
ex

 h
as 

b
een

 
d
ev

elo
p
ed
 

o
f 

th
e 

d
eg

ree 
o
f 

flu
sh

in
g
 w

h
ich 

o
ccu

rs 
in
 
th

e 
so

u
th

ern
 

C
a
lifo

rn
ia
 
B

ig
h
t 

by v
irtu

e
 
o
f v

a
ria

tio
n

s 
in
 
th

e 
so

u
th

ern
 
C

a
lifo

rn
ia
 E

ddy.
T

he 
in

d
ex

 w
ill 

be 
u

sed
 

to
 

e
v
a
lu

a
te 

d
isp

e
rsa

! 
ra

te
s 

o
f 

fis
h
 
eg

g
s, 

la
rv

a
e
, 

and 
ch

aeto
g

n
ath

s 
d

u
rin

g
 
p

e
rio

d
s 

o
f 

fa
v
o
u
rab

le 
an

d u
n
fav

o
u
rab

le 
en

v
iro

n
m

en
tal 

co
n
d
itio

n
so

U
sin

g
 

25 
y
ears 

o
f 

th
e 

C
alC

O
F

I 
la

rv
a
l 

d
a
ta

, 
c
a
lc

u
la

tio
n
s 

have 
b
een

 m
ade 

fo
r 

sam
p
lin

g
 m

eans, 
stan

d
a
rd
 
e
rro

rs 
and 

n
e
g
a
tiv

e 
b
io

n
o
m

ial k
-fa

c
to

rs 
fo

r 
in

sh
o

re 
sp

o
rtfish

 
la

rv
a
e
 
c
o

lle
c
te

d
 

on 
C

alC
O

F
I 

su
rv

ey
s., 

T
he 

s
ta

tis
tic

a
l 

p
aram

eters 
w

ill 
be 

u
sed

 
to
 

d
eterm

in
e 

sp
a
tia

l 
and 

tem
p

o
ral 

su
rv

ey
 
e
ffo

rt 
re

q
u

ire
d
 

to
 
a
sse

ss 
sp

o
rtfish

 p
o
p
u
la

tio
n
s. 

A
 
se

t 
o
f 

sa
rd

in
e
 

and 
an

ch
ov

y
 

eg
g 

and 
e
a
rly

 
la

rv
a
 m

@
rtality

 
ra

te
s 

h
as 

b
een

 
d

ev
elo

p
ed
 

by 
seaso

n
 

and 
by 

g
eo

g
rap

h
ic 

a
re

a
 
fo

r 
1
9
5
1
-1

9
6
0

0 
E

gg 
and 

la
rv

a
 
cen

su
s 

d
a
ta 

c
o
rre

c
te

d
 
fo

r 
escap

em
en

t 
and 

tem
p
eratu

re 
d
ep

en
d
en

t 
g
ro

w
th
 
ra

te
s w

ere 
u
sed

 
to
 

stu
d
y
 
th

e 
re

g
io

n
a
l, 

se
a
so

n
a
l, 

and 
an

n
u
al 

m
o

rta
lity

 ra
te

s 
fro

m
 fie

ld
 

sam
p
les. 

T
h
is 

tim
e
-se

rie
s 

w
ill 

be 
ex

ten
d
ed
 

to
 
a 

20 
y
ear 

se
t 

o
f 

C
alC

O
F

I 
d
a
ta 

and 
com

pared 
to
 
u
p
w

ellin
g
 

and 
seco

n
d
ary

 p
ro

d
u

c
tiv

ity
 
e
stim

a
te

s 
to
 

d
ev

elo
p
 
c
rite

ria
 fo

r 
d

eterm
in

in
g
 
th

e 
im

p
o

rtan
ce 

o
f 

th
e
se
 

en
v
iro

n
m

en
tal 

ev
en

ts 
to
 
th

e 
e
a
rly

 
stag

e
s 

o
f 

th
e
se
 
fish

. 
In
 
an
 
a
sso

c
ia

te
d
 

stu
d

y
 
co

n
cern

in
g
 
th

e 
e
ffe

c
ts 

o
f 

egg 
d
is­

p
e
rsa

l 
on 

su
rv

iv
a
l, 

it 
w

as 
fo

u
n
d
 
th

a
t 

sa
rd

in
e
 

eg
g

s 
are 

spaw
ned 

in
 

a m
o

saic 
p
a
tte

rn
 

o
f 

fish
-sc

h
o
o
l 

p
ro

p
o
rtio

n
s, 

and 
th

e 
eg

g
s 

a
t 

th
e 

p
e
rim

e
te

r 
su

b
se­

q
u
e
n
tly

 
d
isp

e
rse

 
to
 

a 
c
o
n
d
itio

n
 
o
f 

rand
o
m

n
ess 

in
 

a 
la

rg
e
 

co
ro

n
a 

aro
u

n
d
 

a 
c
o
n
c
en

trate
d
 
c
e
n
tru

m
 

H
o
riz

o
n
tal 

m
ean 

sp
ace 

b
etw

een
 n

e
a
re

st 
n
eig

h
b
o
u
r 

eg
g
s 

is
 

on 
th

e 
o
rd

er 
o
f 

1 
o
r 

2 
cm

 a
t 

sp
aw

n
in

g
 

and 
ch

an
g
es 

to
 

1
5

-2
0
 

cm
 m

ean 
sp

ace 
b
etw

een
 m

ost 
se

v
e
ra

l 
d
ay

-o
ld
 
la

rv
a
e
.

Io 5 
E

stu
arin

e
 
S

tu
d

ies

N
ew

port 
R

iv
e
r,F

o
rth

 C
a
ro

lin
a
 

D
u
rin

g
 

1974 
ich

th
y
o
p
la

n
k
to

n
 
stu

d
ie

s 
in
 

th
e 

E
co

lo
g
y
 D

iv
isio

n
 
o
f 

th
e 

A
tla

n
tic

 
E

stu
a
rin

e
 
F

ish
e
rie

s 
C

en
ter, 

N
M

FS, 
B

eau
fo

rt, 
F

0C
0

, 
h
av

e 
co

n
tin

u
ed
 

to
 

em
p
h
asise 

assessm
en

t 
o
f 

la
rv

a
l 

fis
h
 

ab
u

n
d

an
ce 

and 
d
istrib

u
tio

n
 w

ith
in
 
th

e 
N

ew
port 

R
iv

er 
e
stu

a
ry

,, 
and 

th
e 

fe
ed

in
g
 
eco

lo
g
y

 
and 

p
h

y
sio

lo
g

ic
a
l 

re
la

tio
n

sh
ip

s o
f 

th
e 

m
ore 

ab
u

n
d

an
t 

larv
a,! 

fis
h
 
sp

e
c
ie

s. 
L

arv
al 

fish
 

ab
u
n
d
an

ce 
stu

d
ie

s 
h

av
e u

tilis
e
d
 

b
o
th
 

20 
and 

60 
cm

 B
ongo 

to
w

s, 
tid

a
l 

b
rid

g
e 

n
e
ts, 

2 
.mm 

m
esh p

o
rta

b
le
 

d
ro

p
-n

ets 
and 

a 
se

rie
s 

o
f 

co
m

p
arativ

e 
sam

p
lin

g
s 

u
sin

g
 

th
e 

above 
g

e
a
rs. 

S
tu

d
ies 

o
f 

fe
ed

in
g
 

eco
lo

g
y
 
o
f 

la
rv

a
l 

fish
e
s 

in
 
e
stu

a
rin

e
 
w

aters 
h
av

e 
in

clu
d
ed
 
d

eterm
in

in
g
 
th

e 
e
ffe

c
ts 

o
f 

p
rey

 
d
e
n
sity

 
on fo

o
d
 

co
n
su

m
p

tio
n
 w

ith
 

ch
an

g
es 

in
 
d
a
y
-n

ig
h
t, 

tid
a
l 

v
e
lo

c
ity

 
and 

tu
rb

id
ity

. 
T

h
is 

in
fo

rm
a
tio

n
 

com
bined w

ith
 
d
a
ta
 ©

n 
th

e 
ra

te
s 

o
f 

ev
acu

atio
n
 
o
f 

co
p
ep

o
d
s 

h
as 

b
een

 u
sed

 
in
 
e
stim

a
te

s 
o
f 

th
e 

d
a
ily

 ra
tio

n
s 

o
f 

se
le

c
te

d
 
la

rv
a
l 

sp
e
c
ie

s. 
P

h
y

sio
lo

g
ic

a
l 

stu
d
ie

s 
h
av

e 
stre

sse
d
 
d
eterm

in
in

g
 
th

e
 
e
ffe

c
ts 

o
f 

te
m

p
era

tu
re

s, 
b
io

c
id

e
s, 

and 
m

etals 
on 

la
rv

a
l 

fish
e
s 

d
u
rin

g
 
sim

u
lated

 
en

train
m

en
t 

in
 pow

er 
p

la
n

t 
c©

n
d
en

ser 
co

o
lin

g
 

sy
stem

s. 
In

 a
d
d
itio

n
, 

stu
d
ie

s 
on 

(l) 
th

e 
e
ffe

c
ts 

o
f 

te
m

p
era

tu
re

, 
s
a
lin

ity
, 

and 
fo

o
d
 
a
v
a
ila

b
ility

 
on 

la
rv

a
l 

fis
h
 g

ro
w

th
, 

and 
(2

) 
th

e 
carb

o
n
, 

n
itro

g
e
n
 

and 
c
a
lo

ric
 
c
o
n
ten

t 
o
f 

e
stu

a
rin

e
 
la

rv
a
! 

fish
e
s 

w
ere 

co
m

p
leted

, 
an

d 
a m

an
u

scrip
t 

d
e
a
lin

g
 w

ith
 
th

e 
b

io
m

ass 
o
f 

zo
o
p
lan

k
to

n
 
in
 

th
e 

N
ew

port 
R

iv
er 

e
stu

a
ry
 

and 
th

e 
in

flu
e
n

c
e
 

o
f 

p
o
st-la

rv
a
l 

fish
e
s 

on 
th

o
se 

zo
o­

p
lan

k
to

n
 h

as 
been 

p
u
b
lish

e
d

„

F
lo

rid
a
 
C

o
astal W

aters 
Id

e
n
tific

a
tio

n
 
o
f 

fish
 
la

rv
a
e
 

from
 p

lan
k
to

n
 

sam
p

les 
tak

en
 
in
 

T
am

pa B
ay, 

and 
a
d

ja
ce

n
t 

c
o
a
sta

l w
aters 

by 
th

e 
G

u
lf 

C
o

a
sta

l F
ish

e
rie

s 
C

en
ter, 

N
M

FS, 
G

alv
esto

n
, 

w
as 

co
m

p
leted

. 
A 

m
an

u
scrip

t 
is
 
b
ein

g
 
d

ra
fte

d
 
th

a
t 

w
ill 

co
v
er 

l6
 

k
ey
 
sta

tio
n

s 
from

 M
ay 

1971 
th

ro
u
g
h
 A

p
ril 

1973* 
B

ased 
on 

th
e 

to
ta

l 
num

ber 
o
f 

la
rv

a
e 

cau
g
h
t 

and 
th

e 
sp

e
c
ie

s 
d

iv
e
rsity

, 
lo

w
er H

illsb
o
ro

u
g
h

 
B

ay w
as 

th
e 

m
ost 

p
ro

d
u
c
tiv

e 
a
rea

 w
ith

in
 
th

e 
T

am
pa 

B
ay 

e
stu

a
rin

e
 

system
..

A 
to

ta
l 

o
f 

21 
fa

m
ilie

s, 
29 

g
en

era 
and 

28 
sp

e
cie

s 
w

ere 
reco

rd
ed

? 
86 

p
e
rce

n
t 

o
f 

th
e 

to
ta

l 
c
a
tc

h
 
c
o

n
siste

d
 
o
f 

la
rv

a
e
 

o
f 

th
e 

fa
m

ilie
s E

n
g

ra
u

lid
a
e,

B
len

n
id

ae, C
lu

p
eid

ae, 
C

aran
g
id

ae 
and 

S
ciaen

id
ae.
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Id
e
n
tific

a
tio

n
 

o
f 

ju
v
e
n
ile

 
fish

e
s 

c
o

lle
c
te

d
 
d
u
rin

g
 M

ay 
and 

Ju
n

e 
1974 

from
 

one 
in

ta
k
e
 
p

ip
e 

a
t 

th
e 

C
ry

sta
l 

R
iv

er, 
F

lo
rid

a
 P

ow
er P

la
n
t 

w
as 

co
m

p
leted

» 
A 

to
ta

l 
o
f 

25 
fa

m
ilie

s, 
36 

g
en

era and 
47 

sp
e
cie

s 
x^as 

reco
rd

ed
»
 

F
iv

e 
sp

e
cie

s 
o
f 

fish
e
s 

(th
rea

d
 
h
e
rrin

g
, 

h
ay
 an

ch
o
v
y
, 

tid
e

­
w

ater 
silv

e
rsid

e
s, 

d
u
sk

y
 p

ip
e
fish

 an
d 

th
e 

sp
o
tfin

 m
o
jarra) 

acco
u
n
ted

 
fo

r 
73 

p
e
rce

n
t 

o
f 

a
li 

th
e 

fis
h
 

sam
p

led
. 

A
li 

th
e
se
 
fis

h
 w

ill 
p
ro

b
ab

ly
 be 

k
ille

d
 
as 

th
ey

 p
ass 

th
ro

u
g

h
 

th
e 

tu
rb

in
e
s 

and 
co

n
d
en

ser 
sy

stem
 

o
f 

th
e 

p
la

n
t. 

T
h
is 

m
o

rta
lity

 
is
 

ex
p
ected

 
to
 

red
u
ce 

th
e 

e
stu

a
rin

e
 
fis

h
 
p

o
p

u
la

tio
n

 
in
 
th

a
t 

a
re

a
.

C
olum

bia R
iv

er, 
W

ash
in

g
to

n
 

D
ata 

fo
r 

1972 
and 

1973 
a
re 

c
u
rre

n
tly

 b
ein

g
 

sum
m

arised 
a
t 

th
e 

N
o
rth

w
est 

F
ish

e
rie

s 
C

en
ter 

H
U

E'S, 
S

e
a
ttle

. 
T

he 
re

su
lts 

w
ill 

be 
o
f 

p
a
rtic

u
la

r 
sig

n
ific

a
n

c
e
 
b
ecau

se 
riv

e
r 

flo
w
 v

a
rie

d
 
c
o
n
sid

e
rab

ly
 

b
etw

een
 y

e
a
rs 

- 
1973 w

as 
a y

ear 
o
f 

u
n
u
su

ally
 

low
 ra

in
fa

ll 
an

d 
riv

e
r flo

w
, 

w
h

ereas 
h
eav

y
 
flo

o
d
in

g
 

o
ccu

rred
 
in
 

1972®
 

T
he 

stu
d
y
 fo

r 
1974 w

ill 
e
n

ta
il 

m
oving up 

th
e 

fo
o
d
 
c
h
ain

, 
c
o

n
c
e
n

tra
tin

g
 

on 
la

rv
a
l 

fish
e
s 

o
f 

th
e 

C
olum

bia 
R

iv
er 

e
stu

a
ry

, 
and 

d
e
fin

in
g
 
p
o
p
u
latio

n
s 

o
f 

th
e
 
b

ra
c
k

ish
 w

ater 
copepod 

E
u
ry

tem
o
ra, 

e
sp

e
c
ia

lly
 E

. 
a
ffin

is
o

2o 
L

arv
al 

S
u
rv

iv
al

A
nchovy 

la
rv

a
e
, 

E
n

g
ra

u
lis 

m
ordax 

p
ro

d
u

ced
 
in
 
th

e 
la

b
o
ra

to
ry
 

by 
la

b
o

ra
­

to
ry
 
re

a
re

d
 
fis

h
 h

av
e 

b
een

 u
sed

 
to
 
d

e
te

c
t 

c
o

n
c
e
n

tra
tio

n
s 

o
f 

la
rv

a
l 

fis
h

 
fo

o
d
 
in
 
situ

 
alo

n
g
 
th

e 
C

a
lifo

rn
ia
 
c
o

a
st. 

F
irst-fe

e
d
in

g
 
la

rv
a
l 

an
ch

o
v
ies, 

b
ro

u
g

h
t 

to
 
th

is 
c
o
n
d
itio

n
 by 

c
o
n
tro

llin
g
 
d
ev

elo
p
m

en
tal 

tem
p
eratu

res 
ab

o
ard

 
sh

ip
, 

w
ere 

p
laced

 
in
 

sam
p

les 
o
f 

L
os A

n
g

eles 
B

ig
h
t 

w
ater 

from
 
th

e 
su

rfac
e

 
an

d fro
m
 
th

e 
c
h

lo
ro

p
h

y
ll m

axim
um

 
la

y
e
r. 

S
u

rface 
fe

ed
in

g
 w

as 
m

in
im

al 
in

 
a
li 

ex
p

erim
en

ts, 
b
u
t 

e
x

ten
siv

e 
fe

e
d
in

g
 
o
ccu

rred
 w

hen 
th

e 
c
h
lo

ro
p
h
y
ll 

m
axi­

m
um
 
la

y
e
r 

co
n
tain

ed
 p

h
y
to

p
lan

k
to

n
 w

ith
 

a m
inim

um
 
d
iam

eter 
o
f 

40 
m

icro
n
s 

and 
a
t 

a 
d
e
n
sity

 
o
f 

20 
to
 

400 
p
a
rtic

le
s 

p
er 

m
illilite

r. 
In

 M
arch 

and 
A

p
ril 

o
f 

1974, 
th

e 
c
h
lo

ro
p
h
y
ll 

m
axim

um
 
la

y
e
r alo

n
g
 
th

e 
C

a
lifo

rn
ia
 
c
o
a
st 

fro
m

 
M

alib
u
 
to
 

S
an 

O
nofre 

(a 
d
ista

n
c
e
 

o
f 

ab
o
u
t 

100 k
ilo

m
e
te

rs) 
c
o
n
siste

d
 
c
h
ie

fly
 

o
f 

a 
bloom

 
o
f 

th
e 

d
in

o
fla

g
e
lla

te
 

G
ym

nodinium
 
sp

len
d
e
n
s. 

T
he 

seaw
ard

 
e
x
te

n
t 

o
f 

th
e 

bloom
 w

as 
a
t 

le
a
s
t 

14 
k
ilo

m
e
te

rs. 
A 

sto
rm

 w
hich

 
cau

sed
 
e
x

ten
siv

e 
m

ix
in

g
 

o
f 

th
e 

to
p
 

20 m
eters 

o
f w

a
te

r 
o

b
lite

ra
te

d
 
th

e 
c
h
lo

ro
p
h
y
ll 

m
axim

um
 

and 
e
x
ie

o
tiv

c
iy
 
u
e
strc

y
ed
 

th
e 

fe
e
d
in

g
 
c
o

n
d

itio
n
 
fo

r 
th

e 
la

rv
a
l 

an
ch

o
v

ies. 
T

h
is 

w
as 

d
em

o
n

strated
 b

e
fo

re 
and 

a
fte

r 
tile 

sto
rm

 ab
o
ard

 
sh

ip
 u

sin
g
 
th

e 
la

rv
a
l 

fis
h
 
b

io
a
ssa

y
. 

T
h
is 

vork. 
su

g
g
ests 

th
a
t 

sp
e
c
ific

 
c
rite

ria
 can

 be 
e
sta

b
lish

e
d

 
fo

r 
th

e 
su

rv
iv

a
l 

o
f 

firs
t 

fe
e
d
in

g
 an

ch
o

v
ies 

and 
p
erh

ap
s 

o
th

e
r 

fis
h
 
la

rv
a
e

 
as 

w
e
ll. 

C
ru

ises 
to
 

d
eterm

in
e 

th
is 

a
re 

p
lan

n
ed
 
as 

p
a
rt 

o
f 

th
e 

upcom
ing 

1974-1975 
C

alC
O

F
I 

su
rv

ey
s.

A
s 

p
a
rt 

o
f 

th
e 

sto
c
k
-re

c
ru

itm
e
n
t 

stu
d
ie

s 
a
t 

th
e 

SW
FC

, 
th

e 
m

a
tu

ra
tio

n
 

and 
sp

aw
n

in
g
 
o
f 

a num
ber 

o
f 

im
p

o
rtan

t 
sp

e
cie

s 
h

as 
b
een

 a
lte

re
d
 

to
 

en
su

re 
th

a
t 

ad
eq

u
ate 

su
p

p
lie

s 
o
f 

la
rv

a
e 

w
ould 

be 
a
v

a
ila

b
le
 

on 
dem

and 
fo

r 
m

o
rta

lity
 
stu

d
ie

s. 
M

arin
e 

fish
e
s 

w
h
ich h

av
e 

b
een

 
su

c
c
e
ssfu

lly
 m

atu
red

 
an

d 
spaw

ned 
in

clu
d

e 
th

e 
n

o
rth

e
rn
 

anchovy
 E

n
g

ra
u

lis 
m

o
rd

ax, 
P

a
c
ific

 
sa

rd
in

e
 

S
ard

in
o
p
s 

sagax., 
c
ro

ak
e
r B

a
ird

ie
lla

 
Is

is
tiu

s
 f 

P
a
c
ific

 
m

ack
erel 

S
com

ber 
ja

p
o
n
ic

u
s, 

and 
th

e 
strip

e
d
 
b
ass 

M
orone 

s
a
x

a
tilis

. 
R

earin
g
 

o
f 

la
rv

a
e
 

th
ro

u
g
h

 
m

etam
o

rp
h

o
sis 

h
as 

b
een

 
ach

iev
ed

 u
sin

g
 
c
u
ltu

re
d
 m

arin
e 

fo
o
d
 

o
rg

an
ism

s 
such

 
as 

th
e 

d
in

o
fla

g
e
lla

te
 

G
ym

nodinium
 
sp

len
d

e
n

s, 
th

e 
ro

tife
r 

B
rach

io
n

u
s 

p
lic

a
tilis

, 
an

d 
th

e 
h

a
rp

a
e
tic

o
id
 

copepod 
T

isb
e 

fu
rc

a
ta

, 
o
r w

ith
 w

ild
 
p
lan

k
to

n
 
siev

ed
 

fro
m
 
sea w

a
ter. 

C
o
m

b
in

atio
n
s 

o
f 

se
le

c
te

d
 
p
h
o
to

p
erio

d
s 

and 
tem

p
eratu

re 
ane 

en
v

iro
n

m
en

tal 
cu

es 
u

sed
 

to
 

m
atu

re 
th

e
se
 
m

arin
e 

fish
. 

A
nchovy 

can
 be 

in
d
u
ced

 
to
 

m
atu

re 
and 

spaw
n 

d
a
ily

 
th

ro
u
g

h
o
u
t 

th
e 

y
e
a
r 

if k
ep

t 
u
n
d
er 

a 
c
o
n
sta

n
t 

d
a
ily

 
4 

h
o
u
rs 

lig
h
t 

- 
20 

h
o
u
rs 

d
ark

 
cy

cle 
a
t 

15°C
. 

O
th

er 
fish

e
s 

m
ay 

re
q
u
ire

 
lo

n
g

 
lig

h
t 

and 
sh

o
rt 

d
ark

 
d
a
ily

 
c
y
c
le

s 
and 

d
iffe

re
n
t 

t^
a
p
e
ra

tu
re

s» 
A

lth
o

u
g

h
 

th
e 

an
ch

o
v
y
 

spaw
ns 

eg
g
s 

sp
o
n
tan

eo
u

sly
 u

n
d
er 

la
b
o
ra

to
ry
 
c
o

n
d

itio
n
s 

th
ro

u
g
h

o
u

t 
th

e 
y
e
a
r, 

th
is 

is
 

n
o
t 

com
m

on 
in
 
o
th

e
r 

fish
e
s. 

U
nder 

n
o
rm

al 
circu

m
stan

ces, 
m

atu
re 

fish
 
re

q
u
ire

 
in

je
c
tio

n
 
o
f 

hum
an ch

o
rio

n
ic- 

g
o
n
ad

o
tro

p
in

s 
to
 

in
d
u
ce
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m
ass 

spaw
ningo 

D
esp

ite 
its

 
anadrom

ous 
n

a
tu

re
 

strip
e
d
 
b

ass 
have 

b
een

 
in

d
u
ced

 
to
 

m
atu

re 
and 

spaw
n 

o
u
t 

o
f 

seaso
n
 
in
 
fu

ll 
sea w

ater.

3„ 
M

arin
e 

C
o

n
tam

in
an

ts

5
o
l 

T
ra

n
sfe

r 
o
f P

o
llu

ta
n

ts 
T

hrough F
ood 

C
hain

F
ish

ery
 B

io
lo

g
ists 

a
t 

th
e 

L
a 

J
o

lla
 L

ab
o
rato

ry
, 

N
M

FS, 
a
re 

te
stin

g
 
th

e 
p

ro
p

e
rtie

s 
o
f 

c
h

lo
rin

a
te

d
 h

y
d

ro
carb

o
n

s 
(C

H
C

's) 
in
 
sea w

ater 
as 

p
a
rt.o

f 
a 

stu
d
y
 

o
f 

th
e 

tra
n

sfe
r 

o
f 

p
o
llu

ta
n
ts 

th
ro

u
g

h
 
th

e 
m

arin
e 

fo
o
d
 
c
h

ain
. 

4C 
la

b
e
lle

d
 DDT 

w
as 

in
tro

d
u
ced

 
in

to
 

sea w
ater 

in
 
th

e 
v
ap

o
u
r 

p
h

ase 
and 

ab
so

rb
ed

.o
n
 
a
e
ro

so
l 

p
a
r­

tic
le

s
. 

E
x
p
erim

en
ts 

w
ere 

d
esig

n
ed
 

to
 

m
easu

re 
th

e 
tra

n
sfe

r 
o
f 

4C 
D

D
T 

from
 

th
e 

w
ater 

o
n
to
 
p
h
y
to

p
lan

k
to

n
 

(D
u
n

a
lie

lla
). 

A m
ethod 

d
ev

elo
p
ed
 
fo

r 
re

c
o
v
e
rin

g
 

sm
all 

q
u
a
n
titie

s 
o
f 

CHC 
from

 
sea w

ater 
o
n
to
 
c
h
a
rc

o
a
l-c

e
lite

 
w

as 
com

pared 
to
 

th
e 

H
arv

ey
 m

ethod w
hich, re

c
o
v
ers 

C
H

C
^s 

o
n
to
 

a
m

b
erlite

 
c
o
lu

m
n
s,B

o
th

 m
eth

o
d
s 

w
ere 

fo
u
n
d
 

to
 

be 
e
q

u
a
lly

 
e
ffic

ie
n
t 

in
 
th

e
ir 

a
b
ility

 
to
 
re

co
v
e
r 

fC 
D

D
T, 

H
ow

ever, 
th

e 
c
h
a
rc

o
a
l-c

e
lite

 
m

ethod w
as 

fo
u
n
d
 
to
 

be 
m

ore 
co

n
v
en

ien
t 

b
ecau

se 
th

e 
sam

ple 
to
 

so
lv

e
n
t 

ra
tio

 
is 

la
rg

e
r, 

few
er 

ch
an

g
es 

o
f 

g
lassw

are 
a
re 

n
e
c
essary

, 
and 

th
e
re 

axe 
few

er m
an

ip
u
lativ

e 
ste

p
s,

3o2 
S

tu
d
y
 
o
f 

E
ffe

c
ts 

o
f P

o
llu

ta
n
ts 

in
 
th

e 
H

ew
 Y

ork 
B

ig
h

t
A

s 
p
a
rt 

o
f 

th
e
 

M
arin

e 
E

co
sy

stem
 
A

n
a
ly

sis(M
ESA

) 
program

m
e 

in
 
th

e 
H

ew
 Y

ork 
B

ig
h

t, 
th

e 
M

id
d

le 
A

tla
n

tic
 

C
o

astal F
ish

e
rie

s 
C

en
ter, 

N
M

FS, 
S

andy H
ook, 

H
ew

 
Je

rse
y
, 

in
itia

te
d
 
in

v
e
stig

a
tio

n
s 

o
f 

p
h

y
to

p
lan

k
to

n
 

and 
p
rim

ary
 p

ro
d

u
c
tiv

ity
 

in
 R

a
rita

n
 

and 
S

andy H
ock 

B
ay

s, 
S

a
lin

ity
, 

te
m

p
era

tu
re

, 
d

isso
lv

e
d
 

oxygen, 
pH

, 
to

ta
l 

a
lk

a
lin

ity
, 

and 
in

o
rg

an
ic 

carb
o
n
, 

c
h
lo

ro
p
h
y
ll, 

n
u

trie
n

ts, 
\

 
p
rim

ary
 p

ro
d

u
c
tiv

ity
 

(b
o

th
 p

a
rtic

u
la

te
 

and 
d
isso

lv
e
d
), 

and 
lig

h
t 

p
e
n

e
tra

tio
n

 
o
f 

th
e 

w
ater 

colum
n 

axe 
m

easu
red

 
a
t 

9 
sta

tio
n

s 
each

 m
onth. 

W
ater 

sam
p

les 
fo

r 
p

h
y

to
p

lan
k
to

n
 id

e
n

tific
a
tio

n
, 

c
e
ll 

n
u
m

b
ers, 

an
d 

sp
e
cie

s 
d
iv

e
rsity

 
are 

a
iso

 
c
o
lle

c
te

d
o

C
o

n
tin

u
o
u
s 

u
n
d
erw

ay f
lu

cró
m

etry
 
o
f 

th
e 

su
rfa

c
e 

w
ater 

o
f 

R
a
rita

n
, 

and 
S

andy 
H

ook 
B

ays w
as 

u
n
d
ertak

en
 
to
 
in

v
e
stig

a
te
 
h
o
riz

o
n
ta

l 
d
istrib

u
tio

n
 o

f 
c
h
lo

ro
p
h
y
ll 

in
 
th

is 
h
e
a
v
ily

 p
o

llu
te

d
 w

aterw
ay

. 
T

hese 
d
a
ta
 w

ill 
be 

im
p

o
rtan

t 
in

 u
n
d

erstan
d
in

g
 

m
an 

in
d
u
ced

 
ch

an
g
es 

in
 
th

e
 

b
ay

s 
and 

m
ay h

elp
 

e
x
p
lain

 
th

e 
e
x

ten
siv

e 
lo

c
a
l 

v
a
ria

tio
n

s 
in
 

ab
u
n
d
an

ce 
o
f 

su
ch
 
im

p
o

rtan
t 

g
am

efish
 
as 

th
e 

w
eak

fish
 
as 

w
e
ll 

as 
sp

o
t, 

strip
e
d
 
b
a
ss, 

and 
b
u
tte

rfish
o

3
.3

 P
h

y
sio

lo
g

ic
a
l 

E
ffe

c
ts 

o
f 

Q
ii 

C
o
n
tam

in
atio

n
 
in
 

S
an F

ra
n
c
isc

o
 

B
ay

S
tu

d
ies 

a
re 

u
n
d
erw

ay 
a
t 

th
e 

SW
FC 

L
ab

o
rato

ry
, 

B
M

PS, 
T

ib
u
ro

n
, 

on 
th

e 
e
ffe

c
ts 

o
f 

cru
d

e 
o
il 

fra
c
tio

n
s 

on 
th

e 
su

rv
iv

a
l 

o
f 

la
rv

a
l 

fis
h
. 

A
ccu

m
u
latio

n
 

and 
d

e
p

u
ra

tio
n
 

o
f 

x
y
len

e 
by 

ju
v
e
n
ile

 
h
e
rrin

g
 

ex
p
o
sed

 
to
 
iso

to
p
e
-la

b
e
lle

d
 x

y
len

e 
ran

g
in

g
 

from
 
0
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- 

1
.0
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 h

as 
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m

u
latio

n
s 

h
ig

h
e
st 

in
 
b
ra

in
, 

liv
e
r, 

and m
u
scle 

tissu
e
 
a
fte

r 
6 

d
ay

s 
o
f 

ex
p
o
su

re. 
A

t 
th

e 
end 

o
f 

a 
24 

d
ay 

e
x
p
e
ri­

m
en
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p
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d
 
c
o
n
c
e
n
tra

tio
n
s 

o
f 

x
y
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e 
w
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lo

w
er 

th
an

 
an

y 
o

th
e
r 

tim
e 

d
u

rin
g

 
th

e 
ex

p
erim

en
to
 

T
he 

accu
m

u
lated

 re
sid

u
e
s 

w
ere 

ra
p
id

ly
 
lo

s
t, 

b
u
t 

th
e
re
 
are 

in
d
ic

a
tio

n
s 

th
a
t 

th
e 

x
y
len

e w
as 

b
ein

g
 m

etab
o

lised
 

to
 

b
en

zen
e 

an
d 

to
lu

e
n
e

»
M

ethods 
fo

r 
d

e
te

c
tio

n
 
o
f 

p
o
ssib

le
 
to

x
ic
 
m

e
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o
lite

s 
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p
re

se
n

tly
 b

ein
g
 
in

­
v

e
stig

a
te

d
 

an
d 

sh
o
u
ld
 
a
id
 
fu

rth
e
r 

d
e
fin

itio
n
 

o
f 

p
o
te

n
tia

l 
p

ro
b

lem
s 

su
rro

u
n

d
­

in
g
 

ex
p
o
su

re 
o
f 

la
rv

a
l 

fish
 
to
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d

e 
o

il»

5o4 A
lask

an
 C

o
astal 

W
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T
he 

N
o

rth
w

est 
F

ish
e
rie

s 
C

en
ter 

is
 
in

v
e
stig

a
tin

g
 
th

e 
e
ffe

c
ts 

o
f 

o
il 

on im
p
o
rtan

t 
fis

h
 
sto

ck
s 

in
 A

lask
an
 
c
o
a
sta

l w
aters»

 
A

t 
th

e 
C

e
n

te
rs8 

A
uke 

B
ay A

lask
a 

L
ab

o
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ry
 
ex

p
erim

en
ts 

are 
underw

ay 
on 

th
e 

re
la

tio
n
sh

ip
 

am
ong1 a

c
u

te
ly

 to
x
ic

 
d
o
ses 

o
f 

o
il, 

d
o
ses 

th
a
t 

cau
se 

p
h
y
sio

lo
g
ic

a
l 

s
tre

s
s
, 

and 
d

o
ses 

th
a
t 

stim
u
la

te 
b

e
h
av

io
u
ral 

ch
an

g
es» 

P
in

k
 

salm
o
n
 
eg

g
s, 

a
le

v
in

s 
an

d fry
 h

av
e 

b
een

 
th

e 
o
rg

an
ism

s 
u
sed

 in
 
th

e 
m

a
jo

rity
 
o
f 

stu
d
ie

s?
 

h
e
rrin

g
 

eg
g

s 
and 

la
rv

a
e
 

an
d D

o
lly

 Y
ard

en
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fin
g
e
rlin

g
s 

h
av

e 
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o
th

e
r 

ex
p
erim

en
ts• 

B
io

assy
s 

on 
se

v
e
ra

l 
life

 
stag

e
s 

o
f 

p
in

k
 

salm
o
n
 in

d
ic

a
te
 
an
 
in

c
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a
sin

g
 
s
e
n
sitiv
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o

il 
and b

en
zen

e 
fro

m
 

eg
g
s 

to
 
a
le

v
in

s 
to
 
fry

, 
if 

d
e
a
th
 
is
 

u
sed

 as 
an
 

end p
o

in
t? 

stu
d
ie

s 
w

ith
 h

e
rrin

g
 

eg
g
s 

and 
la

rv
a
e
 
in

d
ic

a
te
 
th

a
t 

h
a
tch

in
g
 
su

ccess 
m

ay 
be 

a m
ore 

p
ro

p
er 

c
rite

rio
n

0 
H

atch
in

g
 
o
f h

e
rrin

g
 
eg

g
s w

as 
in

h
ib

ite
d
 
a
t 

th
e 

lo
w

est 
d

o
ses 

o
f 

o
il 

te
ste

d
 

(lO
O
 

pm
). 

A
 
ch

ro
n

ic 
b

io
assay

 
te

stin
g
 
th

e 
lo

n
g
 

term
 

ex
p
o
su

re 
o
f 

p
in

k
 

salm
on 

eg
g

s, 
a
le

v
in

s 
an

d fry
 
to
 

b
en

zen
e 

is 
underw

ay 
and 
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ex
p
ected

 
to
 
fu

rth
e
r 

d
e
fin

e
 

th
e 

im
p
act 

o
f 

o
il 

and 
b
en

zen
e 

on 
th

e
se
 
life

 
sta

g
e
s 

o
f 

p
in

k
 

salm
o

n
 in

 
b
o
th
 th

e
 
fre

sh
w

a
te

r 
and 

in
te

rtid
a
l 

en
v
iro

n
m

en
ts0

4
e 

T
axonom

y 
and 

Z
o
o
g
eo

g
rap

h
y 

o
f 

L
arv

al M
arin

e F
ish

A
oi 

H
andbook 

o
f F

ish
 E

ggs 
and 

L
arv

ae 
o
f 

th
e 

C
a
lifo

rn
ia
 C

u
rren

t

T
he 

N
M

FS, 
SW

FC, 
L

a 
J
o

lla
, 

re
p
o
rts 

th
a
t 

se
v
e
ra

l 
se

rie
s 

o
f 

illu
s
tra

tio
n
s

 
w

ere 
p
rep

ared
 
d
u
rin

g
 
1
9
7
3

» 
fo

r 
th

e 
p
ro

p
o
sed

 handbook
 
o
f 

fis
h
 
eg

g
s 

and 
la

rv
ae
 

o
f 

th
e 

C
a
lifo

rn
ia
 C

u
rre

n
t. 

T
he 

handbook
 w

ill 
tre

a
t 

ap
p
ro

x
im

ately
 

100 
sp

e
c
ie

s. 
A

d
eq

u
ate 

illu
s
tra

tio
n
s
 

an
d 

d
e
sc

rip
tio

n
s 

are 
a
v

a
ila

b
le

 
in
 
th

e 
lite

ra
tu

re
 
fo

r 
o

n
ly
 
ab

o
u
t 

20 
o
f 

th
e 

sp
e
cie

s 
to
 

be 
in

c
lu

d
ed

 
in

 
th

e 
h
an

d
b
o
o
k

, 
le

ss 
co

m
p
lete 

acco
u
n
ts 

a
re
 
a
v

a
ila

b
le
 
fo

r 
ap

p
ro

x
im

ately
 

4-0 
sp

e
cie

s 
and no 

p
u
b
lish

ed
 
in

fo
rm

a
tio

n
 
is
 
a
v

a
ila

b
le
 
fo

r 
th

e 
rem

ain
in

g
 

sp
ecieso

4°2 
N

om
eid 

T
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y

W
ork is

 
c
o
n
tin

u
in

g
 

on 
th

e 
p

e
la

g
ic
 

tra
w

l 
c
o

lle
c
tio

n
s m

ade 
on 

T
ro

p
ic

al P
a
c
ific

 
o
f 

th
e 

D
avid

 
S

ta
rr J@

rdan 
in

 M
ay 

an
d 

O
cto

b
er 

1972«. 
M

e
ristic

s 
in

c
lu

d
in

g
 

v
e
rte

b
ra

l 
co

u
n
ts 

o
b
tain

ed
 

from
 x

-ray
s 

a
re 

b
ein

g
 
o
b
tain

ed
 
fo

r 
a num

ber 
o
f 

sp
e
cie

s 
fo

r 
in

c
lu

sio
n
 
in
 
a m

an
u
scrip

t, 
in

c
lu

d
in

g
 
th

e 
sp

e
c
ie

s 
co

m
p
o

sitio
n

 
o
f 

nom
eid 

fish
e
s 

w
h
ich 

a
re 

am
ong 

th
e 

ab
u
n
d
an

t 
e
p
ip

e
la

g
ic
 

o
cean

ic 
fish

e
s 

in
 
tro

p
ic

a
l 

and 
su

b
tro

p
ic

a
l w

a
ters. 

T
he 

m
ost 

com
m

on 
sp

e
c
ie

s, 
C

u
b

icep
s 

p
a
u

c
ira

d
ia

tu
s, 

a
tta

in
s 

a 
le

n
g
th
 

o
f 

o
n
ly
 

12 
o
r 

13 
cm

. 
N

om
eids 

are 
a 

p
rim

ary
 p

rey
 
fish

 fo
r 

ap
ex
 
o

cean
ic 

p
re

d
a
to

rs.

4
»

3 
S

co
rp

aen
ld
 

T
axonom

y

P
ro

g
ress 

h
as 

b
een

 m
ade 

by 
th

e 
SW

FC 
on 

th
e 

p
re

p
a
ra

tio
n
 

o
f 

a^
g

u
id

e 
to
 

th
e 

id
e
n
tific

a
tio

n
 
o
f 

sc
o

rp
io

n
fish

 la
rv

a
e 

(fa
m

ily
 
S

co
rp

aen
id

ae) 
in

 th
e 

e
a
ste

rn
 P

a
c
ific

. 
In

tro
d
u
c
to

ry
 
se

c
tio

n
s 

o
f 

th
e 

m
an

u
scrip

t 
a
re
 

co
m

p
leted

 
and 

th
e 

g
e
n

e
ric 

and 
sp

e
cie

s 
d

e
sc

rip
tio

n
s 

a
re 

fin
ish

e
d
, fo

r 
som

e 
sp

e
cie

s 
o
f 

ro
c
k

fish
 
(S

e
b

a
ste

s) 
. 

D
e
scrip

tio
n

s 
o
f 

th
e 

rem
ain

in
g
 
sp

e
cie

s 
o
f 

S
eb

astes 
sh

o
u
ld
 

be 
co

m
p

leted
 
in

 A
p

ril 
an

d 
th

o
se 

in
c
lu

d
e 

S
.p

a-u
cip

in
is ,

S
, 

m
acd

o
n
aldi

, 
_S0 

le
v
is

, 
S_0 

,j o
r d

a
n
i, 

tw
o 

sp
e
c
ie

s fro
m
 

th
e 

G
u
lf 

o
f 

C
a
lifo

rn
ia

., 
S

0cap
en

sis
, 

S
0 

o
b
lo

n
g
u
s 

(a
 Jap

an
ese 

ro
c
k
fish

) 
and 

So 
m

arin
u
s 

(th
e 

A
tla

n
tic

 
ro

se
fish

)7
 

D
e
scrip

tio
n
s 

w
ill 

be 
p
rep

ared
 

fo
r 

th
e 

rem
ain

in
g
 g

en
era 

an
d 

sp
e
cie

s 
to
 

be 
in

c
lu

d
ed

 
in
 
th

e 
g

u
id

e, 
w

hich 
sh

o
u
ld
 

be 
co

m
p
leted

 
by 

th
e 

end 
o
f 

sum
m

er. 
A 

m
an

u
scrip

t 
d
e
sc

rib
in

g
 
th

e 
e
a
rly

 
life

 
h
isto

ry
 
o
f 

th
e 

ch
an

n
el 

ro
c
k
fish

e
s 

(S
eb

asto
­

lo
b

u
s 

w
as 

co
m

p
leted
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S

eb
asto

lo
b

u
s 

la
rv

a
e
 
o
ccu

r 
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 C

alC
O

F
I 

sam
p

les 
and 

th
e 

ju
v

e
n

ile
s 

a
re 

com
m

on 
c
o

n
stitu

e
n

ts 
o
f m

id
-w

ater 
traw

l 
h
a
u
ls 

tak
en
 
o
ff 

th
e 

c
o
a
st 

o
f 

C
a
lifo

rn
ia

e
 

A
d

u
lts 

o
f 

S
eb

asto
p

o
lu

s 
a
lta

b
e
lis 

a
re 

d
eep

­
liv

in
g
 

(550 
- 

1 
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m
) 

and 
th

is 
sp

e
cie

s 
h

as 
a p

ro
lo

n
g

ed
 
p

e
la

g
ic
 
ju

v
e
n
ile

 
stag

e
 
th

a
t 

rem
ain

s 
in
 m

id
-w

ater 
fo

r m
ore 

th
an

 a y
e
a
r. 

A
d
u
lts 

o
f 

S
0 

alascan
u
s 

a
re 

sh
a
llo

w
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in
g
 

(1
8

0
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5
0
 m

) 
and 

h
av

e 
a p

e
la

g
ic
 

ju
v
e
n
ile

 
stag

e
 

o
f 

sh
o
rt 

d
u

ra
tio

n
. 

T
he 

m
an

u
scrip

t 
d
e
sc

rib
e
s 

d
ev
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p
m

en
t 

o
f 

th
e
se
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g
e
s 

and g
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e
s 

in
fo
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atio

n
 

on g
ro

w
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o
f 

th
e
se 

tw
o 
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e
c
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s.
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c
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c
e
n
tly

 
d
esig

n
ed

 
g
ra

d
ie

n
t 

g
e
n
e
ra

to
r w

hich
 
is
 

cap
ab

le 
o
f g

e
n

e
ra

tin
g
 up 

to
 

20 
sim

u
ltan

eo
u

s 
g
ra

d
ie

n
ts 

o
f 

13 
litre

s
 

each 
in
 ab

o
u

t 
an

 h
o
u
r 

and 
a h

a
lf9s 

tim
e. 

T
he 

g
ra

d
ie

n
ts 

g
e
n
era

ted
, 

h
o
w

ev
er, 

a
re 

n
o
t 

lin
e
a
r b

u
tS

~
sh

ap
ed

, 
w

ith
 
th

e 
a
c
tu

a
l 

d
e
n
sity

 v
a
ry

­
in

g
 a

t 
tim

es 
from

 
th

e 
th

e
o
re

tic
a
l 

one» 
T

h
is 

re
su

lts 
in
 

th
e 

co
m

p
ressio

n
 

o
f 

c
e
rta

in
 

b
an

d
s 

o
f 

th
e 

p
lan

k
to

n
 

sp
ectru

m
. 

E
lim

in
atio

n
 
o
f 

th
e 

S
-slo

p
e 

is 
b
ein

g
 ach

iev
ed
 

th
ro

u
g
h
 m

o
d
ific

a
tio

n
s 

io
 

th
e 

g
ra

d
ie

n
t 

g
en

erato
r»
 

R
ecen

t 
d
iffic

u
ltie

s
 
w

ith
 
th

e 
sy

stem
 
a
re 

u
n
d
er 

in
v
e
stig

a
tio

n
. 

S
a
tisfa

c
to

ry
 

se
p
a
ra

tio
n
 o

f G
u
lf 

o
f 

M
aine 

la
rv

a
l 

h
e
rrin

g
 

sam
p

les 
in

 w
h
ich 

th
e 

co
p

ep
o

d
s 

P
seu

d
o

calan
u
s 

m
in

u
tu

s 
and 

C
en

tro
p
ag

es 
ty

p
ic

u
s 

w
ere 

a
iso

 
p

re
se

n
t 

in
 
sig

n
i­

fic
a
n
t 

num
bers 

w
ere n

o
t 

o
o

ssib
le
 

b
ecau

se 
o
f 

th
e 

sim
ila

r 
d

e
n

sitie
s 

o
f 

th
e 

in
v

e
rte

b
ra

te
s 

an
d 

la
rv

a
e 

in
v
o
lv

ed
. 

F
u

tu
re 

w
ork v

illi 
be 

fo
cu

ssed
 

on 
se

le
c
tiv

e
ly
 
sh

iftin
g
 
th

e 
m

ean d
e
n

sity
 

o
f 

th
e
se 

g
ro

u
p
s 

th
ro

u
g
h
 m

o
d

ific
atio

n
s 

o
f 

th
e 

s
ilic

a
 g

ra
d
ie

n
t 

by 
th

e 
a
d

d
itio

n
 
o
f 

sm
all 

am
ounts 

o
f 

p
o
ly

m
ers, 

o
sm

ó
tica 

o
r 

ch
arg

ed
 

sm
all m

o
lecu

les.

6
»2 

U
n
d
u
latin

g
 

O
cean

o
g
rap

h
ic 

R
eco

rd
er 

fU
O

R
)

T
n 

c
o

o
p

era
tio

n
 w

ith
 

th
e 

In
s
titu

te
 

o
f M

arin
e 

E
n
v
iro

n
m

en
tal 

R
esearch

, 
th

e 
U

O
R 

S
ystem

 w
as 

te
ste

d
 
a
t 

sea 
in

 M
ay 

1974» 
to
 

e
v
a
lu

ate 
its

 
com

ponents 
in

c
lu

d
in

g
 

th
e 

tow
ed v

e
h
ic

le
, 

O
cean

o
g
rap

h
ic 

D
ata A

c
q

u
isitio

n
 

S
ystem

 
(O

D
A

S), 
pow

er 
g
en

e­
ra

to
r, 

d
iv

e 
c
o
n
tro

l 
u
n
it, 

an
d 

th
e
 
p

lan
k
to

n
 

sam
p

ler. 
N

in
eteen

 
te

s
ts
 

w
ere 

m
ade 

d
u

rin
g
 

14 
lau

n
ch

es 
o
f 

th
e 

in
stru

m
e
n

t, 
IO
 

o
f 

th
e
se
 

lau
n
ch

es 
w

ere
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su
ccessfu

lo
 

T
he U

O
R m

oved 
b
etw

een
 a m

axim
um

 
70 

m
 
to
 

8 
m

0 
U

n
d
u
latio

n
s 

fro
m
 

O
08 

to
 

15o0 k
ilo

m
e
ters 

w
ere 

m
ade» 

T
ra

n
sla

tio
n
 
o
f 

sen
so

r 
d

a
ta fro

m
 an

a­
lo

g
u
e 

to
 
d

ig
ita

l 
re

a
d

-o
u

ts 
ab

o
ard

 
sh

ip
 w

as 
su

c
c
e
ssfu

l. 
M

alfu
n
ctio

n
s 

w
ere 

c
o
rre

c
te

d
 
a
b

o
a
rd

-sh
ip
 w

ith
o
u
t 

d
iffic

u
lty

. 
N

o 
p

ro
b

lem
s w

ere 
ex

p
erien

ced
 

w
ith

 
th

e 
sen

so
rs 

fo
r 

d
ep

th
, 

tem
p
eratu

re 
and 

s
a
lin

ity
% 

th
e 

p
lan

k
to

n
 re

c
o
rd

e
r 

fa
ile

d
 
to
 

o
p
erate 

s
a
tis

fa
c
to

rily
 

on 
o
n
ly
 

a 
sin

g
le
 

tow
.

U
oS

oS
.R

In
 

1974 
o
b
serv

a
tio

n
s 

on 
th

e 
sp

rin
g
-su

m
m

er 
d

ev
elo

p
m

en
t 

o
f 

p
lan

k
to

n
 
in
 
th

e 
so

u
th

w
estern

 
B

aren
ts 

S
ea 

and 
in
 

th
e 

N
orw

egian S
ea w

ere 
m

ade0 
T

he 
eu

p
h

au
siid

 
ab

u
n
d
an

ce 
in
 
th

e 
B

aren
ts 

S
ea in

 
th

e 
w

in
te

r p
e
rio

d
 w

as 
d
eterm

in
ed
 

and 
fe

e
d
in

g
 

o
f 

th
e 

0
-g

ro
u

p
 
B

aren
ts 

S
ea cod 

o
f 

th
e 

1973 y
e
a
r 

c
la

ss 
w

as 
stu

d
ie

d
. 

S
ev

en
ty

fiv
e 

p
h
y
to

p
lan

k
to

n
, 

1 
273 

zo
o
p
lan

k
to

n
 

and 
472 

eu
p
h
au

siid
 

sam
p
les 

w
ere 

c
o
lle

c
te

d
.

2 
909 

fin
g
e
rlin

g
s 

o
f 

cod w
ere 

an
aly

sed
.

L
ab

o
rato

ry
 
tre

atm
e
n
t 

o
f 

a
li 

th
e 

sam
p

les 
co

m
p
rised

 
th

e 
id

e
n

tific
a
tio

n
 
o
f 

th
e 

sp
e
c
ific

 
co

m
p

o
sitio

n
 an

d 
ag

e 
sta

g
e
s 

o
f 

o
rg

an
ism

s, 
th

e 
b

io
lo

g
ic

a
l 

c
o
n
d
itio

n
 

an
d 

siz
e
s 

o
f 

in
d
iv

id
u
a
l 

sp
ecim

en
s 

and 
c
a
lc

u
la

tio
n
 
o
f 

th
e
ir 

q
u
a
n
tity

 p
er 

u
n
it 

volum
e.

Som
e 

id
e
a
 
o
f 

th
e 

p
e
c
u

lia
rity

 
o
f 

th
e
 

sp
rin

g
-su

m
m

er 
d

ev
elo

p
m

en
t 

o
f 

C
alan

u
s 

and 
o
th

e
r 

sp
e
cie

s 
in
 

th
e 

B
aren

ts 
and 

N
orw

egian 
S

eas 
w

ere 
g
ain

ed
 

fro
m
 
th

e 
re

s
u

lts 
o
f 

trea
tm

e
n

t 
o
f 

th
e 

p
lan

k
to

n
 

sam
p

les 
c
o

lle
c
te

d
 
in
 
th

e 
p
rev

io
u
s 

y
e
a
r 

(l 
350 

sam
p
les)

5 
th

e 
term

s 
o
f 

sin
k
in

g
 

o
f 

C
alan

u
s 

fro
m
 
th

e 
u
p
p
er 

0
-5

0
 m

 
la

y
e
r 

to
 
th

e 
lo

w
er 

o
n
es 

w
ere 

d
e
fin

ed
, 

and 
th

e 
av

erag
e 

p
lan

k
to

n
 

biom
ass 

w
as 

c
a
lc

u
la

te
d

. 
A
 m

arked 
d
elay

 in
 
th

e 
term

s 
o
f 

th
e 

p
lan

k
to

n
 d

ev
elo

p
m

en
t 

d
ep

en
d
in

g
 

on th
e 

lo
n

g
-term

 m
ean le

v
e
l 

w
as 

fo
u
n
d
. 

D
elay

 
in
 
th

e 
N

orw
egian 

S
ea 

and 
a
c
c
e
le

ra
tio

n
 
in
 
th

e 
B

aren
ts 

S
ea.

T
reatm

en
t 

o
f 

th
e
 
m

a
te

ria
l 

o
b

tain
ed
 
d
u
rin

g
 
th

e 
su

rv
ey
 

on 
d
e
term

in
a
tio

n
 

th
e 

eu
p
h
au

siid
 

ab
u
n
d
an

ce 
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

 
an

d 
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
 

1974° 
T

hese 
d
a
ta 

a
re 

in
d
ic

a
tiv

e
 

o
f 

th
e 

sum
m

er 
fo

o
d
 b

ase 
fo

r 
co

m
m

ercial 
fish

e
s. 

B
esid

es, 
s
ta

tis
tic

a
l 

trea
tm

e
n
t 

o
f 

1 
922 

eu
p
h
au

siid
 

sam
p
les 

c
o

lle
c
te

d
 
in
 

1953-1974 w
as 

m
ade, 

so 
sp

e
c
ific

 
b

ath
y

m
etric 

ran
g

es 
o
f 

th
e 

m
ass 

sp
e
cie

s 
w

ere 
re

v
e
a
le

d
0

In
 
th

e 
c
o
a
sta

l 
M

urm
an 

w
aters 

w
orks 

on 
th

e 
b

a
c
te

rio
p

la
n

k
to

n
 
p
ro

d
u
ctio

n
 

w
ere 

sta
rte

d
,

T
he 

c
o
e
ffic

ie
n
t 

o
f 

su
rv

iv
a
l 

o
f 

fish
e
s 

from
 
fin

g
e
rlin

g
s 

to
 
th

re
e
 
y
ear 

o
ld

s 
w

as 
c
a
lc

u
la

te
d
 

on 
th

e
 
b
a
sis 

o
f 

stu
d

y
in

g
 

th
e 

fe
e
d
in

g
 

o
f 

young 
cod 

o
f 

th
e 

1973 
y
ear 

c
la

ss 
and 

ta
k
in

g
 
in

to
 

acco
u

n
t 

th
e w

in
te

rin
g
 
tem

p
eratu

re 
c
o

n
d

itio
n

s.

In
 

1975 
c
o
n
tro

l 
In

v
e
stig

a
tio

n
s 

o
f 

p
lan

k
to

n
 

(C
alan

u
s 

and 
eu

p
h
au

siid
s 

m
ain

ly
) 

w
ill 

be 
co

n
tin

u
ed

 
In
 
th

e 
above 

m
en

tio
n
ed
 
a
re

as 
o
f 

th
e 

N
o
rth

- 
A

tla
n
tic

 
acco

rd
in

g
 
to
 
th

e 
p

rev
io

u
s 

y
e
a
rs1 

program
m

e. 
S

im
u

ltan
eo

u
sly

 
w

ith
 
th

e
se
 
w

o
rk

s, 
g

e
n

e
ra

lisa
tio

n
 
o
f m

any y
ears*

 
m

a
te

ria
l 

on 
in

d
iv

id
u

a
l 

p
ro

b
lem

s 
o
f 

th
e 

b
io

lo
g
y
 
o
f 

p
lan

k
to

n
 

o
rg

an
ism

s w
ill 

be 
co

n
d

u
cted

.

B
a
ltic

 
S

ea
P

h
y
to

-p
lan

k
to

n
„ 

D
u
rin

g
 
stan

d
a
rd
 

o
cean

o
g

rap
h

ic 
su

rv
ey

s 
(12 

sta
tio

n
s 

in
th

e 
B

a
ltic

 
its

e
lf, 

six
 
in
 
th

e 
G

u
lf 

o
f 

R
ig

a, 
th

re
e
 
in
 
th

e 
G

u
lf 

o
f F

in
lan

d
) 

th
e 

d
y
n
am

ics 
o
f 

p
h

y
to

p
ig

m
en

ts-ch
lo

ro
p

h
y

lls 
and 

o
a
ro

tin
o
id

s 
and 

its
 
c
o

rre
­

la
tio

n
 w

ith
 
p
h
y
sica

l 
and 

ch
em

ical 
c
o
n
d
itio

n
s 

in
 
th

e 
sea w

as 
in

v
e
stig

a
te

d
.

O
n 

th
is 

b
a
sis, 

c
o
n
d
itio

n
s 

and 
th

e
 
c
h
a
ra

c
te

r 
o
f 

p
rim

ary
 p

ro
d
u
ctio

n
 
fo

r 
som

e 
sea 

a
rea

s 
in
 

1974 w
ere 

e
v

a
lu

a
ted

.
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Z
o
o
p
lan

k
to

n
.» 

S
am

ples 
o
f 

zo
o
p
lan

k
to

n
 w

ere 
c
o

lle
c
te

d
 

an
d 

tre
a
te

d
 
in

 
acco

rd
an

ce 
w

ith
 
th

e 
ro

u
tin

e
 
m

eth
o
d
s.

O
n 

th
is 

b
a
sis 

th
e 

co
m

p
o
sitio

n
, 

ab
u
n
d
an

ce 
and 

d
istrib

u
tio

n
 

o
f 

fo
o
d
 

su
p

p
ly

 
fo

r 
p
lan

k
to

n
 
e
a
tin

g
 
fis

h
 by 

se
a
so

n
s,m

o
n
th

s,d
ep

th
s 

ran
g
es 

and 
a
re

as 
w

ere 
e
stim

a
te

d
.

D
iu

rn
al 

v
e
rtic

a
l 

m
ig

ratio
n
s 

o
f 

p
la

n
k

te
rs 

fro
m
 
d
iffe

re
n

t 
e
c
o
lo

g
ic

a
l 

g
ro

u
p
s. 

F
ecu

n
d
ity

 
and 

g
e
n

e
ra

tio
n
 
ch

an
g
es 

o
f 

E
u
ry

tem
o
ra h

iru
n
d
o
id

es 
in
 
th

e 
G

u
ii 

o
f 

R
ig

a w
ere 

in
v

e
stig

a
te

d
.

E
c
o
lo

g
ic

a
l 

co
m

m
u

nities 
o
f 

zo
o
p
lan

k
to

n
 

and 
c
o
rre

la
tio

n
 

b
etw

een
 

them
 

and 
h
y
d
ro

lo
g
ic

a
l 

c
o
n
d
itio

n
s 

in
 

th
e 

se
a,w

a
te

r 
c
u

rre
n

ts 
and 

a
re

a
s 

w
ere 

c
h

a
ra

c
te

rise
d
. 

T
he 

sim
u
lta

n
e
ity

 
o
f 

b
io

lo
g
ic

a
l 

rh
y

th
m

s 
w

ith
in
 
co

m
m

u
n
ities 

w
as 

in
v

e
stig

a
te

d
.
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