
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

.1970/E
s1 

A
d

m
in

istra
tiv

e 
R

ep
o
rt

F
i
s
h
e
r
i
e
s
 

I
m

p
r
o
v
e
m

e
n
t
 

C
o
m

m
i
tt

e
e

B
y B

.I. 
D

Y
BERN

1969

B
elgium

(E
. 

L
elo

u
p 

and R
. 

B
e 

C
lerck

)

R
eg

u
lar 

o
b
se

rv
a
tio

n
s 

on 
s
a
lin

ity
, 

oxygen, 
BO

D
, 

pH
, 

am
m

onia 
and 

p
h

o
sp

h
ate 

co
n

ten
t 

an
d 

th
e 

b
a
c
te

ria
l 

sta
tu

s 
o
f 

th
e 

c
o
a
sta

l 
w

aters 
h
av

e 
b
een

 
c
a
rrie

d
 
o
u
t.

R
esearch

 h
as 'b

een
 m

ade 
co

n
cern

in
g
 
d
isp

o
sa

l 
o
f 

d
o

m
estic 

and 
in

d
u
stria

l 
w

aste 
w

ater 
in

to
 

th
e 

sea 
by a 

p
ip

e
-lin

e
 

and 
by 

sh
ip

.

L
es 

a
c
tiv

ité
s 

de 
la
 
B

elg
iq

u
e 

co
m

p
o

rtero
n

t 
une 

étu
d
e 

d
es 

c
o
n
d
itio

n
s 

a
c
tu

e
lle

s 
du m

ilieu
 m

arin
 
e
t 

b
en

th
iq

u
e 

q
u
i 

d
éb

u
tera 

au
 la

rg
e

 
de 

N
ieu

p
o
rt, 

en
 

1970, 
e
t 

se
ra
 
p
o
u
rsu

iv
ie
 

en 
1971»

C
andda

(j.M
. 

A
n
d
erso

n
)

A
n
ti-p

o
llu

tio
n
 

program
m

e

T
he 

F
ish

e
rie

s 
R

esearch
 

B
o

ard
*s 

fo
u
r A

tla
n
tic

 
A

rea 
L

a
b
o
ra

to
rie

s 
and 

th
e 

R
eso

u
rce 

D
evelopm

ent 
B

ran
ch
 
o
f 

th
e 

D
ep

artm
en

t 
o
f F

ish
e
rie

s 
and 

F
o
re

stry
 w

ere 
h

e
a
v

ily
 
in

v
o

lv
ed
 
in
 
a
n
ti-p

o
llu

tio
n
 w

ork 
in
 
I969 

- m
uch 

o
f 

it 
in
 
c
o
-o

p
e
ra

tiv
e 

program
m

es.

A
 
c
o
stly

 
in

c
id

e
n
t 

o
ccu

rred
 w

hen 
a 

p
la

n
t 

p
ro

d
u
cin

g
 
elem

en
tal 

p
h
o
sp

h
o
ro

u
s, 

by 
e
le

c
tric

 
re

d
u

c
tio

n
 
o
f 

flu
o
ra

p
a
tite

, 
a
c
c
id

e
n

ta
lly

 
d
isch

arg
ed

 
la

rg
e
 

am
ounts 

o
f 

su
sp

en
d
ed
 

and 
c
o
llo

id
a
l 

p
h
o
sp

h
o
ro

u
s 

in
to
 

L
ong H

arb
o

u
r 

o
ff 

P
la

c
e
n

tia
 

B
ay, 

N
ew

foundland, 
in
 F

eb
ru

ary
 

1969* 
M

assiv
e 

h
e
rrin

g
 

m
o

rta
litie

s 
o
ccu

rred
. 

P
o

iso
n

ed
 
fish

 
tu

rn
e
d
 re

d
, 

p
ro

b
ab

ly
 b

ecau
se 

o
f 

h
em

o
ly

sis. 
It 

w
as 

firm
ly
 
e
sta

b
lish

e
d
 
th

a
t 

th
e 

p
h

o
sp

h
o

ro
u

s 
em

an
atin

g
 

from
 

th
e 

e
fflu

e
n
t, 

an
d 

from
 b

o
tto

m
 m

ud, 
w

as 
th

e 
so

le 
cau

se 
o
f 

to
x

ic
ity

.

Low
 

oxygen 
le

v
e
ls 

cau
sed

 
by p

u
lp

m
ill 

e
fflu

e
n
ts, 

o
fte

n
 

com
bined 

w
ith

 to
x
ic

ity
 
o
f th

e
se
 
e
fflu

e
n

ts,a
re
 

c
re

a
tin

g
 
co

n
cern

 
o
v
er 

salm
o
n m

ig
ratio

n
 

in
 th

e 
S

t. 
C

ro
ix
 R

iv
er, 

th
e
 
R

estig
o
u
ch

e 
R

iv
er, 

th
e 

M
iram

ich
i 

R
iv

er 
and 

th
e
 
S

a
in

t 
Jo

h
n
 R

iv
er 

in
 

N
ew
 
B

ru
n
sw

ick
, 

and 
th

e 
E

x
p
lo

its 
R

iv
er 

in
 

N
ew

foundland.T
he 

p
o
llu

tio
n
 
lo

ad
 
alo

n
g
 
th

e 
le

n
g

th
 
o
f 

th
e 

S
a
in

t 
Jo

h
n
 R

iv
er, 

n
o
ta

b
ly
 
its

 
u
p
p
er re

a
c
h
e
s, 

is
 
p
a
rtic

u
la

rly
 g

re
a
t. 

U
sin

g
 co

m
p
u
ter 

te
ch

n
iq

u
e
s, 

a m
ath

em
atical 

m
odel 

h
as 

b
een

 
fo

rm
u
lated

 
to
 
p

re
d

ic
t 

th
e
 
n
e
c
e
ssa

ry
 
le

v
e
l 

o
f 

im
provem

ent 
in
 w

ater 
q
u
a
lity

 th
a
t 

w
ill 

o
ccu

r w
hen w

aste 
tre

atm
en

t 
fa

c
ilitie

s
 
a
re 

o
p
e
ra

tio
n
a
l 

a
t 

th
e 

m
ajo

r 
so

u
rces 

o
f p

o
llu

tio
n
.

In
 
c
o
a
sta

l 
p
o
llu

tio
n
 
stu

d
ie

s, 
a
t 

L
ong H

arb
o
u
r 

and 
elsew

h
ere, 

w
ork h

as 
b
een

 u
n
d
ertak

en
 to

 
d
eterm

in
e 

th
e
 
flu

sh
in

g
 
c
h

a
ra

c
te

ristic
s 

o
f 

c
o

a
sta

l 
in

le
ts
 
w

ith
 a 

v
iew

 to
 

d
eterm

in
in

g
 
th

e
 
p
h
y
sic

a
l 

c
a
p

a
c
ity

 
o
f 

su
ch

 
w

aters 
to
 
accep

t 
p
o
llu

ta
n
ts.

C
om

m
unities 

o
f a

tta
c
h

e
d
 

d
iato

m
s 

a
re 

good 
in

d
ic

a
to

rs 
o
f 

se
v

e
rity

 
o
f 

m
etal 

p
o
llu

tio
n
 

(c
o

p
p

er-zin
c
) 

from
 m

in
in

g
 
o
p
e
ra

tio
n
s, 

o
r 

o
f 

a
c
id
 
p
o
llu

tio
n
. 

T
h
ree 

d
eg

rees 
o
f m

etal 
p
o
llu

tio
n
 can

 
be 

d
istin

g
u

ish
e
d
 

from
 
flo

ra
 
alo

n
g

 
riv

e
r 

b
an

k
s. 

C
opper 

and 
zin

c 
a
re 

le
ss 

to
x
ic
 
to
 

salm
o
n
 in

 
b
o
th
 
a
c
id
 

and 
a
lk

a
lin

e
 
w

a
ters. 

T
he 

cau
se 

o
f 

sev
ere 

a
c
id
 
p
o
llu

tio
n
 b

elo
w
 b

ase 
m

etal 
m

in
es 

w
as 

show
n 

to
 

be 
th

io
su

lfa
te
 

and 
p
o
ly

th
io

n
a
te

s.



2

C
o
rex

it 
7

6649 
an
 
o
il 

d
isp

e
rsa

n
t, 

is
 
re

la
tiv

e
ly

 n
o
n
to

x
ic, 

to
 
fish

 
(in

c
ip

ie
n
t 

L
C

50’s 
ap

p
ro

x
. 

500 
m

g
/l 

fo
r h

e
rrin

g
 

and 
salm

o
n

) 
h

u
t 

becom
es 

m
ark

ed
ly
 
le

ss 
e
ffe

c
tiv

e
 

in
 
d
isp

e
rsin

g
 
b

u
n

k
er 

C 
o

il 
as 

tem
p
eratu

re 
d
e
c
re

a
se

s. 
U

n
fo

rtu
n
a
te

ly
, 

X
Z

IT
, 

w
hich

 h
as 

a 
n
e
g
a
tiv

e 
tem

p
eratu

re 
c
o

e
ffic

ie
n

t 
fo

r 
its

 
o
il 

d
isp

e
rsin

g
 
a
b
ility

, 
is 

q
u
ite

 
to

x
ic
 
to
 

m
arin

e 
life

.

F
iv

e 
p
o
ly

c
h
lo

rin
ate

d
 

b
y

p
h
en

y
ls 

(P
C

B
's) 

h
ad 

le
th

a
l 

th
re

sh
o
ld

s 
o
f 

ab
o

u
t 

1-3 
m

g
/l 

fo
r m

arin
e 

G
am

m
arus, 

and 
one 

w
as 

slig
h

tly
 
le

ss 
to

x
ic

 
to
 

salm
o

n
. 

T
he 

in
se

c
tic

id
e
 

D
D

F h
ad 

a 
sev

en
-d

ay
 L

C
50 

o
f 

0
.1

2
 

m
g
/l 

p
er 

salm
o
n

5 
th

e 
o

rg
an

o
p

h
o

sp
h

ates 
B

ylox 
an

d 
B

ay 
77488 

h
av

e 
fo

u
r-d

ay
 

L
C

50's 
o
f 

ab
o
u
t 

3 
and 

1 
m

g
/l 

re
sp

e
c
tiv

e
ly

. 
A

fte
r 

a
e
ria

l 
fo

re
st 

sp
ray

in
g

 
(ap

p
ro

x
im

ately
 
2

.8
 
m

illio
n
 
a
c
re

s) 
w

ith
 
S

u
m

ith
io

n
 

(an
 o

rg
an

o
p
h
o
sp

h
ate 

in
se

c
tic

id
e
), 

salm
on 

and 
tro

u
t 

show
ed no 

sig
n
ific

a
n
t 

d
ecrease 

in
 

a
c
e
ty

lc
h
o
lin

e
ste

ra
se
 
a
c
tiv

ity
, 

alth
o

u
g

h
 w

h
ite 

su
ck

ers 
did«,

F
u
rth

er w
ork h

as 
le

d
 
to
 

a m
o
d
ific

atio
n
 
o
f th

e 
e
ffe

c
t 

o
f 

su
b
le

th
a
l 

BBT 
on 

th
e 

le
a
rn

in
g
 
b
eh

av
io

u
r 

o
r 

fish
. 

B
y m

an
ip

u
latio

n
 
o
f 

c
e
rta

in
 
ex

p
erim

en
tal 

c
o
n
d
itio

n
s, 

salm
o
n
id

s 
tre

a
te

d
 w

ith
 BBT 

w
ill 

le
a
rn
 

a 
co

n
d
itio

n
ed
 

av
o
id

an
ce 

resp
o
n
se. 

T
h
ere 

seem
s 

little
 

d
o
u
b
t, 

h
o
w

ev
er, 

th
a
t 

BBT 
can

 
a
lte

r 
a 

fis
h

’s 
n
a
tu

ra
l 

re
p
e
rto

ire
 

o
f u

n
co

n
d

itio
n

ed
 
resp

o
n
ses 

in
 a 

g
iv

en
 
c
o

n
d

itio
n

in
g

 
p
ro

ced
u
re. 

T
hese 

a
lte

ra
tio

n
s 

m
ay 

re
n

d
er 

th
e 

fish
 
e
sse

n
tia

lly
 
in

cap
ab

le 
o
f 

p
erfo

rm
in

g
 
th

e
 
ta

sk
 
ch

o
sen

 
as 

a 
c
rite

rio
n
 
o
f 

le
a
rn

in
g
. 

T
he 

w
ork 

is 
b

ein
g
 
ex

ten
d
ed
 
to
 
in

c
lu

d
e 

c
h

lo
rin

a
te

d
 h

y
d
ro

-carb
o
n
s 

o
th

e
r 

th
an

 
BBT 

and 
o

rg
an

o
p

h
o

sp
h
ate 

b
io

c
id

e
s.

T
ra

n
sp

la
n
ta

tio
n
 

and 
sp

e
c
ia

l 
fis

h
 re

a
rin

g
 

program
m

es

T
he 

M
actaquac 

S
alm

on 
S

m
olt 

S
ta

tio
n
, 

in
 
its

 
seco

n
d
 y

e
a
r 

o
f 

o
p
e
ratio

n
 

in
 

1989? 
m

ade 
its

 
firs

t 
sm

o
lt 

re
le

a
se
 

o
f 

100 
000 

d
u

rin
g
 M

ay and 
Ju

n
e.

T
h
is 

re
le

a
se
 

co
m

p
rised

 
8

0
,0

0
0
 

ag
e 

II 
sm

o
lts, 

b
ro

u
g

h
t 

to
 
th

e 
S

ta
tio

n
 
as 

y
e
a
rlin

g
s 

fo
r 

co
m

p
letio

n
 
o
f 

th
e
ir 

fin
a
l 

y
e
a
r 

o
f 

re
a
rin

g
 $ 

and 
20 

000 
o
f 

ag
e 

I, 
p
ro

g
en

y
 
o
f 

th
e
 
firs

t 
b
ro

o
d
 

sto
ck
 
c
o

lle
c
tio

n
 m

ade 
in
 

1967«

A
ssessm

en
t 

o
f 

th
e 

salm
on re

h
a
b

ilita
tio

n
 
o
f E

ast 
R

iv
er, 

N
.S

. 
w

as 
co

n
tin

u
ed

. 
A
 ru

n
 

o
f 

4 
000 

sm
o
lts, 

p
ro

g
en

y
 
o
f th

e 
firs

t 
a
d
u
lt 

tra
n
sp

la
n

ts 
in
 

1
9
6
6

, 
w

as 
n
u
m

erated
 

on 
th

e
ir 

dow
nstream

 m
ig

ra
tio

n
 

from
 
th

e 
m

ajo
r 

trib
u
ta

ry
 

stream
 
o
f 

th
e 

sy
stem

. 
M

ig
ratio

n
 
d

elay
 
in
 
th

e 
u
p
p
er 

pow
er 

dam
 
fo

reb
ay

 w
as 

overcom
e 

by a
d
a
p
tin

g
 

a 
sim

p
le 

’'skim
m

er" 
d
ev

ice 
to
 
c
o
lle

c
t 

sm
o

lt 
a
t 

th
e 

su
rfa

c
e
. 

T
e
stin

g
 
o
f 

th
e 

lo
u
v
er 

d
e
fle

c
to

rs 
a
t 

th
e 

lo
w

er 
can

al 
w

as 
co

n
tin

u
ed

 
and re

s
u

lts 
in

d
ic

a
te
 
th

a
t 

fu
rth

e
r m

o
d
ifica

tio
n
s 

a
re 

n
eed

ed
 
to
 

p
ro

v
id

e 
a 

g
re

a
te

r 
b
y
p
ass 

v
e
lo

c
ity

 
in
 
o

rd
e
r 

to
 

im
prove 

th
e 

g
u
id

in
g
 
e
ffic

ie
n
c
y
 
o
f 

th
e 

lo
u
v
er 

in
s
ta

lla
tio

n
. 

In
 
th

e 
firs

t 
p
h
ase 

o
f 

th
e 

L
a 

H
ave 

R
iv

er 
d
ev

elo
p
m

en
t 

program
m

e, 
c
o

n
stru

c
tio

n
 
o
f a 

c
o

n
c
rete 

v
e
rtic

a
l-s

lo
t 

fish
w

ay
 
to
 

p
ro

v
id

e 
access 

o
v
er 

a 
21-fo

o
t 

h
ig

h
 n

a
tu

ra
l 

ro
ck
 
fa

lls
 

w
as 

co
m

p
leted

 
in
 

1969-

S
ev

eral 
tra

n
sp

la
n
ts 

o
f 

p
in

k
 

salm
o

n
, 

O
ncorhynchus 

g
o

rb
u

sch
a, 

eggs 
w

ere 
m

ade 
to
 

a 
sm

all 
riv

e
r 

in
 

so
u

th
ern

 
N

ew
foundland 

d
u
rin

g
 
th

e 
p
erio

d
 

from
 

1959-
1
9
6
6

, 
th

e 
la

rg
e
st 

b
ein

g
 

5
-9 

m
illio

n
 

eg
g
s 

in
 

19
6

6
. 

T
he 

g
re

a
te

st 
a
d

u
lt 

re
tu

rn
 

(sp
aw

n
in

g
 
escap

em
en

t 
p
iu

s 
know

n 
co

m
m

ercial 
c
a
tc

h
) 

h
as 

b
een 

8 
440 

fis
h
 
in
 

1967 
from

 
a 

tra
n

sp
la

n
t 

o
f 

3
-3
 m

illio
n
 
eg

g
s 

in
 
I9

6
5

. 
T

he 
firs

t 
re

tu
rn
 

from
 n

a
tu

ra
l 

spaw
ning 

o
n
ly
 
o
ccu

rred
 
in
 
I969 

(2 
603 

fish
 

from
 

a 
sp

aw
n
in

g
 
escap

em
en

t 
in
 

19&
7 

oi> 
5 

334)«

Iii 
o
y
ste

r 
w

ork, 
stu

d
ie

s 
co

n
tin

u
ed
 

on 
a
lte

rn
a
tiv

e
s 

to
 
h
a
tch

e
ry

 
p
ro

d
u
ctio

n
 
o
f 

o
y
ste

r 
seed

 w
ith

 
a 

v
iew

 to
 

d
ev

elo
p
in

g
 m

ore 
eco

n
o
m

ical 
m

eans 
o
f 

o
ff-b

o
tto

m
 
c
u
ltu

re
. 

In
 
a
d
d
itio

n
, 

w
ork w

as 
done 

on 
p
la

n
tin

g
 
o
f 

sc
allo

p
 

sh
e
lls 

to
 

in
c
re

a
se
 
th

e 
am

ount 
o
f 

b
o

tto
m
 h

a
b
ita

t 
su

ita
b
le
 
fo

r 
sp

a
t 

se
ttle

m
e
n

t. 
H

atch
ery

 
fa

c
ilitie

s
 

(a
t 

th
e 

E
lle

rs
lie

 
S

u
b
-S

tatio
n
 

on 
P

rin
ce 

E
dw

ard 
Isla

n
d
) 

w
ere 

im
p

ro
v

ed 
fo

r 
re

a
rin

g
 
o
f 

an
im

als 
u
n
d
er 

q
u
a
ra

n
tin

e 
c
o

n
d

itio
n

s 
w

ith
 a 

v
iew

 
to
 

p
ro

d
u
cin

g
 
d

ise
a
se 

an
d 

p
a
ra

site
-fre

e
 

sp
at 

and young 
sto

ck
.

B
enm

ark 

(O
. 

B
agge)

In
 
co

n
n

ectio
n
 w

ith
 
p

ro
b

lem
s 

in
 
in

d
u
stria

l 
p
o
llu

tio
n
 
th

e 
to

x
ic

ity
 
to

 
fish

 
o
f 

c
e
rta

in
 

com
pounds 

has. 
b

een
 
stu

d
ie

d
. 

In
 

19^9 
e
sp

e
c
ia

lly
 
th

e 
to

x
ic

ity
 

o
f 

th
e 

flo
u
rid

e
s 
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b
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b
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c
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c
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 c
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.
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ir 
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n
 
c
o
n
d
itio
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c
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e
 
H
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e
 

c
a
rry
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c
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b
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a
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c
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g
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p
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u
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s
titu
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r 
K
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in

n
e
n
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e
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in
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e 

w
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B

a
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S

ev
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o
f 

fo
o
d
 w

ere 
te

ste
d
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o
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p
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en
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e
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n
 
o
f c
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l 
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c
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p
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b
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o
f 

th
e 

G
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an 
in

v
e
stig

a
tio

n
s. 
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erm

an 
e
x

p
e
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ro
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r. 
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ann an

d 
D

r. 
W

eich
art) 

w
ere 

a
c
tiv

e
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o
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p
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tin

g
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 p
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p

arin
g
 
th

e 
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E
S 

re
p

o
rt 
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"P

o
llu

tio
n
 
o
f 

th
e 

B
a
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”
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h
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y
e
a
rs 

ago 
th

e 
'D

eu
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e 
F

o
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u
n
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ein
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aft*

 
h
ad 

in
itia

te
d

 
a 

c
e
n
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l 
program

m
e 
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"L

itto
ral 

re
se

a
rc

h
 and 

p
o
llu

tio
n
 
o
f 

c
o
a
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l 
w

a
ters", 

in
 w
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ich now
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li 

G
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an 
in
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te
s 
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n
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ed
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 m
arin

e 
re

se
a
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h
, 

in
c
lu

d
in

g
 

th
o
se 

o
f 

th
e 

u
n
iv

e
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s 
a
t 

H
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and K

ie
l, 
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re 

en
g
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ed
.

T
he 
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se

a
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h
 w

as 
m

ain
ly
 
c
o

n
c
en

trate
d
 

on 
th

e 
p
ro

b
lem

s 
o
f p

e
stic

id
e
s. 

In
v
e
stig

a
tio

n
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w
ere 

sta
rte

d
 
to
 
g
et 

in
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rm
atio

n
 

on 
th

e 
to

x
ic

ity
 
o
f 

th
e
se 

fo
r 

d
iffe

re
n

t 
m

arin
e 

o
rg

an
ism

s, 
as 

w
ell 

as 
on 

th
e
ir 

accu
m

u
latio

n
 
in
 
fish

 
a
n
i 

o
th

e
r m

arin
e 

an
im

als. 
In

v
e
stig

a
tio

n
s 

w
ere 

a
iso
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rte
d
 

on 
th

e 
to

x
ic

ity
 

o
f 

o
rg

an
ic 

m
ercu

ry
 

com
pounds 

to
 
m

arin
e 

o
rg

an
ism

s 
and 

th
e 

accu
m

u
latio

n
 
o

f 
su

ch
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b
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in
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.

O
th

er 
in

v
e
stig

a
tio

n
s 

w
ere m

ade 
on 

th
e 

in
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e
n

c
e
 

o
f 

in
d

u
stria

l 
w

astes 
on 
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lan

k
to

n
 

and benthos an
im

als 
in
 
th

o
se 

a
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s 
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 w
hich

 
su

ch
 w

astes 
a
re 
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e
ra

te
d
 
(f.i. 

su
lfu

ric
 

a
c
id
 

and 
fe

rro
u
s 

co
m

b
in

atio
n
s 

o
f 

a 
tita

n
 
p
la

n
t). 

B
esid

es 
in

v
e
stig

a
tio

n
 
in
 
th

e 
la

b
o

ra
to

ry
, 

co
rresp

o
n

d
in

g
 

ones 
w

ere 
c
a
rrie

d
 

o
u
t 

in
 
th

e
 

open 
se

a, 
e
sp

e
c
ia

lly
 w

ith
 re

sp
e
c
t 

to
 
th

e 
in

flu
e
n

c
e
 

o
f 

th
e
se
 
w

astes 
on 

th
e
 

d
ev

elo
p
m

en
t 

o
f 
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a
tin

g
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g
s.

F
in

a
lly
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v
e
stig

a
tio

n
s 

in
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n
n

ectio
n
 w

ith
 
p

o
llu

tio
n
 m

ust 
be 
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tio
n
ed

 
in

c
lu

d
in

g
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e 
se
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h
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r 
and 
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e 

ex
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in
atio

n
 
o
f 
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u
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in
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e
n
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M
o
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v
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th

e 
in

flu
e
n
c
e
 
o
f 

o
il 
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n
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e 
o
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o
f 

b
a
c
te
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y
e
a
st 

and 
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th

e
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fu
n

g
i 
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ie

d
.
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r 
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n
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a
rc

h
 w

ork 
in

to
 

o
rg

an
o
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lo

rin
e 

p
e
stic

id
e
 
re
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u

e
s, 

b
ein
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a
rrie
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o
u
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r. 

J.P
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w
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n
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u
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d
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rin
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riv
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s w
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d

e
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d w
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c
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u
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from
 num
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site

s, 
on 

th
e
se
 
riv

e
rs, 

w
ere 

an
aly

sed
 
fo

r 
th

e
ir p

e
stic

id
e

 
c
o
n
te

n
t. 

A
 fa

irly
 c

le
a
r 

p
ic

tu
re
 
o
f th

e
 
in

d
iv

id
u

a
l 

re
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tiv
e
 
c
o
n
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u
tio

n
s 

o
f 

a
g
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u
ltu

re
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in
d
u
stry

 
an

d u
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an
 p

o
p

u
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tio
n
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te
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en
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n
m
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le
v
e
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o
f p

e
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e
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d

y
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erg
in
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O
rg
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ch

lo
rin

e 
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v
e
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in
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u
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e
s 

o
f 

salm
on 
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t 

d
iffe
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n

t 
sta
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o
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e
ir 
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y

c
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b
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e
s. 

S
alm

on 
from

 a 
c
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e
r re

c
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g
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f p
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b
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p
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c
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c
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f p
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d
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d
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s
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m
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c
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t 
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o
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c
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G
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g
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e. 

S
e
lfp

u
rific

a
tio

n
 n

o
rm

ally
 
o

ccu
rs 

in
 th

is 
ra

th
e
r lo

n
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 c
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n
 o
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d
 
to
 
p
o
u
rin
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o
f 
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n
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c
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c
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a
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n
 
o
f 

th
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d b
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g
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o
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n
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b
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ir 
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e
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c
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o 
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o
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e
 
d
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u
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n
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T
he 

c
u
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a
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e
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k
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ts 
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a
v

fo
rsk
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en 
in

 c
o
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p
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n
s 

B
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lo
g
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S
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n
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en
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om
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ercial 

fis
h
 farm

in
g
 
ta

k
e
s 

p
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c
e 

in
 
d
iffe

re
n
t 

p
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n
ts 

a
t 

v
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u
s 
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c
a
litie

s
 

in
 N

orw
ay and 

stu
d
ie

s 
a
re 

p
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rm
ed
 
in
 
o
rd

e
r 

to
 

im
prove 

th
e 

m
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and 
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e 
y
ie

ld
 o

f 
th

e
se
 
p
la

n
ts.

P
o

llu
tio

n
 
o
f 

th
e 

sea 
and 

th
e 

e
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c
t 

o
f 

p
o
llu

ta
n
ts 

on m
arin

e 
o
rg

an
ism

s 
cau

se 
in

c
re

a
sin

g
 p

ro
b
lem

s 
in

 N
orw

ay as 
in

 m
any o

th
e
r c

o
u

n
trie

s. 
D

iffe
re

n
t 

stu
d
ie

s 
o
f th

e
 
p
o
llu
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n
 

from
 
d
o
m
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a
g
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u
ltu

ra
l 

and 
in

d
u
stria

l 
w

aste o
f 

fjo
rd

s 
an

d n
e
a
r-sh

o
re
 
w

aters 
a
re 

co
n
tin

u
ed

 
a
t 

th
e 

in
s
titu

te
s
 
o
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arin
e 

b
io

lo
g
y
 in

 
O
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, 

B
erg

en
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d T
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n
d
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, 
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w

ell 
as 

a
t 

’N
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s
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r 
V

an
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n
ing

 
(N
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A
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O
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an

d 
'F

isk
e
rid

ire
k

to
ra

te
ts 

E
a
v
fo
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n
in

g
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en
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n
n
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n
 w

ith
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e
se
 
in

v
e
stig

a
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n
s 

th
e 

q
u

a
n

tity
 o

f h
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y m
e
tals, 

p
e
stic

id
e
s 

an
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d
io

a
c
tiv

e
 

com
pounds 

in
 
fis

h
 and 

fish
p
ro

d
u
c
ts 

h
as 

a
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b
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c
o
n
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d
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he 
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s
u
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show
 as 
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w
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v
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th
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m
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p
e
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issib
le
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e
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b
u
t 

th
e 

c
o
n
ten

t 
o
f m

ercu
ry
 h

as 
in
 

som
e 

sp
e
c
ia

l 
cases 

bec-n 
fo

u
n
d
 
to
 

be 
to

o
 
h
ig

h
. 

In
 
c
o
-o

p
e
ra

tio
n
 w

ith
 M

rs. 
M

. 
S

w
edm

ark, 
* K

ris tin
e
- 

b
erg

s 
Z

o
clo

g
isk

a 
S

ta
tio

n
*
, 

F
isk

b
a
c
k
sk

il, 
S

w
eden, 

stu
d
ie

s 
o
f 

th
e 

e
ffe

c
t 

o
f 

te
n

sid
e
s 

on m
arin

e 
o
rg

an
ism

s 
a
re 

c
a
rrie

d
 
o

u
t 

a
t 

th
e 

'In
s
titu

tt 
fo

r m
arin

 
b
io

lo
g
i' 

in
 O

slo
.
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T
he 

v
a
ria

tio
n
 
o
f pH

 in
 

N
orw

egian fresh
w

a
te

r 
is
 

stu
d
ie

d
 

and 
in

v
e
stig

a
tio

n
s 

o
f 

th
e 

e
ffe

c
t 

su
ch

 v
a
ria

tio
n
s 

m
ay have 

on th
e 

p
o
p
u
la

tio
n
 
o
f 

salm
on 

and 
tro

u
t 

in
 N

orw
egian w

aters 
a
re 

in
 p

ro
g
re

ss 
at' T

)ire
k
to

ra
te

t 
fo

r 
F

ersk
v
an

n
s- 

fisk
e
t*

, 
V

o
lleb

ek
k
,

P
o
lan

d

P
o

rtu
g

al 

(H
. 

V
ile

la
)

N
o 

sp
e
c
ia

l 
re

se
a
rc

h
 h

as 
b
een

 done 
d
u
rin

g
 

19&
9»

S
p
ain

(0
. 

C
en

d
rero

)

S
tu

d
ies 

w
ill 

be 
c
a
rrie

d
 

o
u
t 

in
 
th

e
 M

ed
iterran

ean
 
in
 
o
rd

er 
to

 
im

prove 
th

e
 
y
ie

ld
s 

o
f 

th
e 

fish
e
rie

s
. 

T
h

ese 
stu

d
ie

s 
w

ill 
in

c
lu

d
e 

ex
p
erim

en
tal 

fish
in

g
 w

ith
 
lo

n
g
lin

e
s, 

lo
b
ste

r 
tra

p
s 

an
d 

tra
w

ls, 
fish

in
g
 w

ith
 
a
rtific

ia
l 

lig
h
t 

and 
se

arc
h
 
o
f 

C
ep

h
alo

p
o
d
s 

w
ith

 
sp

e
c
ia

l 
g
ears 

th
a
t 

m
ay be 

u
n
lik

e
ly

 
to
 
c
a
tc

h
 

o
r 

se
rio

u
sly

 dam
age 

o
th

e
r 

sp
e
c
ie

s.

S
w

eden

(B
d

, 
D

ybern)

B
a
ltic

 
S

ea

T
he 

re
se

a
rc

h
 

on 
B

a
ltic

 
p
o
llu

tio
n
 
c
o
n
d
itio

n
s 

h
as 

in
c
rea

sed
 

an
d now

 
in

v
o
lv

e
s 

p
h
y
sic

a
l, 

ch
em

ical, 
g
e
o
lo

g
ic

a
l, 

m
e
teo

ro
lo

g
ic

al, 
b
io

lo
g
ic

a
l 

and 
to

x
ic

o
lo

g
ic

a
l 

p
a
ram

e
te

rs. 
M

ost 
o
cean

o
g
rap

h
ical 

and 
p
a
rt 

o
f 

th
e 

b
io

lo
g

ic
a
l 

re
se

a
rc

h
 w

ork 
is 

c
a
rrie

d
 

o
u
t 

w
ith

in
 
th

e 
in

te
rn

a
tio

n
a
l 

co
-o

j)erativ
e 

o
rg

a
n

isa
tio

n
 

"T
he 

B
a
ltic

 
O

cean
o
g
rap

h
ers". 

E
ffo

rts 
are 

m
ade 

(n
o
t 

o
n
ly

 
from

 
S

w
eden) 

to
 
s
ta

rt 
an 

in
te

rn
a
tio

n
a
l 

c
o

lla
b

o
ra

tio
n
 
as 

to
 
B

a
ltic

 
p
o
llu

tio
n

 
re

se
a
rc

h
 

and 
ab

atem
en

t. 
M

ith
in
 

S
w

eden 
e
ffo

rts 
are 

m
ade 

to
 
c
e
n
tra

lise
 
a
t 

le
a
st 

th
e
 

m
ost 

im
p

o
rtan

t 
p

ro
je

c
ts.

W
est 

c
o
a
st

C
o
-o

p
eratio

n
 w

ith
 N

orw
ay h

as 
sta

rte
d
 
co

n
cern

in
g
 
th

e 
p
o
llu

tio
n
 

p
ro

b
lem

s 
o
f 

th
e 

Id
e
fjo

rd
e
n

-K
o

ste
r 

a
rea

 
on 

th
e 

b
o
rd

e
r-lin

e
 

b
etw

een
 
th

e 
tw

o 
c
o
u
n
trie

s. 
T

he 
D

an
ish

-S
w

ed
ish

 
c
o

lla
b

o
ra

tio
n
 
in
 
th

e 
O

resund 
h

as 
co

n
tin

u
ed

.

Tw
o 

re
p
o
rts 

on 
th

e 
in

flu
e
n

c
e
 

o
f in

d
u
stria

l 
w

aste 
w

aters 
(fro

m
 
o
il- 

re
fin

e
rie

s 
and 

re
la

te
d
 
in

d
u

strie
s) 

in
 
th

e 
S

ten
u
n
g
su

n
d
 
a
rea

 
and 

sew
age 

w
ater 

(in
c
lu

d
in

g
 

som
e 

in
d
u
stria

l 
w

aste w
ater) 

from
 
th

e
 
c
ity

 
o
f 

G
ö
teb

o
rg 

d
em

o
n

strated
 

a 
c
e
rta

in
 

dam
age 

to
 
fish

e
ry

.

T
o

x
ic 

su
b
stan

ces

T
he 

in
v
e
stig

a
tio

n
s 

on m
arin

e 
and 

fre
sh

 w
ater 

fish
e
s 

and 
o

th
e
r 

o
rg

an
ism

s 
as 

to
 
th

e
ir 

c
o

n
te

n
ts 

o
f h

eav
y
 m

e
tals, 

c
h
lo

rin
a
te

d
 h

y
d
ro

carb
o
n
s 

e
tc

. 
h
av

e 
b
een

 
c
o

n
sid

era
b

ly
 

ex
ten

d
ed
 

an
d now

 
co

v
er m

ost 
p

a
rts 

o
f 

th
e 

co
u
n
try

 
and 

th
e 

sea 
a
re

a 
o
u
tsid

e
. 

Som
e 

new
 
a
rea

s 
h

av
e 

b
een 

b
la

c
k

-liste
d

. 
In

v
e
stig

a
tio

n
s 

h
av

e 
a
iso

 
b

een
 
sta

rte
d
 
to
 
e
stim

a
te
 
th

e
 

am
ount 

o
f 

to
x

ic
 

su
b

stan
ces 

c
a
rrie

d
 

o
u
t 

in
to
 
th

e 
sea 

th
ro

u
g

h
 
th

e 
m

ain riv
e
rs.

U
n
ited

 K
ingdom

 

1• 
E

n
g
lan

d
 

and W
ales 

(H
.A

. 
C

o
le)

P
ish

 
c
u

ltiv
a
tio

n

A
t 

th
e 

M
arin

e 
H

atch
ery

, 
P

o
rt 

E
rin

, 
Is

le
 

o
f M

an w
e 

have 
d
ev

elo
p
ed

 
e
m

p
irica

l 
re

a
rin

g
 
tech

n
iq

u
es 

fo
r 

p
la

ic
e
 

(P
le

u
ro

n
e
cte

s 
p
la

te
ssa

 
L

.) 
an

d 
so

le 
(S

o
lea 

so
le

a
 
L

.) 
w

h
ich h

av
e 

b
een

 ad
ap

ted
 
to
 
m

ass-p
ro

d
u
ctio

n
 p

u
rp

o
ses. 

O
ur
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c
u
rre

n
t 

program
m

e 
seek

s 
to
 

im
prove 

e
x

istin
g
 h

atch
ery

 
p

ro
d
u
ctio

n
 m

ethods 
fo

r 
th

e
se
 

an
d 

o
th

e
r 

v
a
lu

ab
le 

sp
e
cie

s 
su

ch
 
as 

th
e 

lem
on 

so
le 

(M
icro

sto
m

u
s 

k
itt W

albaum
), 

and 
th

e 
tu

rb
o
t 

(S
co

p
h

th
alm

us 
m

axim
us 

L
.)»
 

T
he 

h
a
lib

u
t 

(H
ip

p
o
g
lo

ssu
s 

h
ip

p
o
g
lo

ssu
s 

L
.) 

and 
th

e 
haddock*'(M

elanogram
m

us 
a
e
g

le
fin

u
s 

L
o) 

are 
a
iso

 
o
f in

te
re

st»

S
p
e
cia

l 
a
tte

n
tio

n
 
is 

b
ein

g
 
p
aid

 
to
 
c
u

ltiv
a
tio

n
 
tech

n
iq

u
es 

fo
r 

liv
e

 
la

rv
a
l 

fish
 
fo

o
d

s 
(ro

tife
rs

, 
m

o
llu

scan
 
la

rv
a
e
, 

co
p
ep

o
d
s, 

e
n
c
h
y
tra

e
id
 w

orm
s) 

as 
a
lte

rn
a
tiv

e
s 

to
 

A
rtem

ia 
n
a
u

tili, 
and 

to
 
th

e 
d
ev

elo
p
m

en
t 

o
f 

a
rtific

ia
l 

d
ie

ts»
 

R
esearch

 
is
 
in
 p

ro
g
re

ss 
on 

th
e 

su
rv

iv
a
l 

an
d g

ro
w

th
 o

f h
a
tch

e
ry

- 
re

a
re

d
 
fla

tfis
h
 la

rv
a
e
 

as 
a 

fu
n
c
tio

n
 
o
f 

p
l^

sio
ch

em
ical 

and 
b

io
tic

 
v

ariab
les 

lik
e
 
tem

p
eratu

re, 
lig

h
t;:fre

e
 
c
h

lo
rin

e
 

and 
p
o
p
u
la

tio
n
 
d
e
n
sity

 $ 
a
iso

 
th

e 
p
ath

o
lo

g
y
 
o
f m

arin
e 

fo
o
d
 
fish

 
a
t 

a
li 

stag
e
s 

o
f m

o
rp

h
o
lo

g
ical 

d
ev

elo
p
m

en
t.

Som
.e 

p
re

lim
in

a
ry

 w
ork w

ill 
be 

done 
th

is 
y
ear 

on m
ethods 

fo
r 

c
o
n
tro

llin
g

 
th

e 
re

p
ro

d
u
cto

ry
 a

c
tiv

ity
 
o
f 

c
a
p

tiv
e 

sp
aw

n
ers.

A
t 

th
e 

fish
e
rie

s 
L

ab
o
rato

ry
, 

L
o
w

esto
ft»

w
o
rk
 h

as 
co

n
tin

u
ed

 
on g

e
n

e
tic

 
a
sp

e
c
ts 

o
f 

fis
h
 c

u
ltiv

a
tio

n
, 

on 
th

e 
a
n

a
ly

sis 
o
f g

ro
w

th
 m

echan
ism

s, 
on 

th
e 

o
p
tim

isa
tio

n
 
o
f re

a
rin

g
 
tech

n
iq

u
es 

fo
r 

so
le
 

and 
on h

y
b

rid
iz

a
tio

n
. 

A 
p
a
rtic

u
la

r 
e
ffo

rt 
w

ill 
be 

m
ade 

to
 
p
e
rfe

c
t 

re
a
rin

g
 m

ethods 
fo

r 
tu

rb
o
t 

and 
b
rill 

and 
to
 

d
ev

elo
p
 
a
lte

rn
a
tiv

e
 

su
p

p
lie

s 
o
f 

liv
e
 

fo
o
d
 
fo

r 
fis

h
 
la

rv
ae
 
to

 
su

p
p
lem

en
t 

o
r 

re
p

lac
e
 
A

rtem
ia.

S
h

ellf
ish 

re
a
rin

g

.O
y
sters. 

T
he 

d
ev

elo
p

m
en

t 
o
f 

la
rg

e
 

sc
a
le
 
h
a
tch

e
ry
 
re

a
rin

g
 
o
f 

0
. 

e
d
u
lis 

a
t 

C
onw

ay 
co

n
tin

u
es 

to
 

be 
slow

ed up 
by 

tro
u
b
le
 

due 
to
 

a 
b
a
c
te

ria
l 

d
isea

se 
w

h
ich a

tta
c
k
s 

th
e 

la
rv

a
e
 
in
 
e
a
rly

 
sum

m
er 

and 
by 

p
o
o
r 

su
rv

iv
a
l 

o
f 

th
e
 
sp

a
t.

T
he 

b
a
c
te

ria
 h

as 
b

een
 

fo
u

n
d
 
to
 

be 
a 

P
seudom

onas 
ty

p
e 

III, 
W

ork 
on 

fo
o
d

 
fo

r 
th

e 
la

rv
a
e
 
h
as 

show
n 

th
a
t 

th
e 

d
iato

m
 
C

y
c
lo

te
lla

 
n

an
a 

is
 

as 
good 

as 
Iso

c
h
ry

sis 
and 

T
etraselm

is
 

and 
is
 
re

la
tiv

e
ly
 
e
a
sily

 m
ain

tain
ed
 
in
 
c
u

ltu
re

*

T
he 

ad
v

erse 
e
ffe

c
t 

on 
th

e 
g
ro

w
th
 
o
f 

o
y
ste

r 
la

rv
a
e
 

o
f 

P
h
aeo

cy
stis 

in
 

th
e
 

su
p
p
ly
 w

ater 
h

as 
b
een

 
in

v
e
stig

a
te

d
.

C
lam

s. 
E

x
p
erim

en
ts 

h
av

e 
la

rg
e
ly
 
c
en

tred
 

on 
th

e 
g
ro

w
th
 and 

su
rv

iv
a
l 

o
f h

a
tch

e
ry
 re

a
re

d
 

seed
 

clam
s 

p
la

n
te

d
 

o
u
t 

in
 
v
a
rio

u
s 

e
stu

a
rie

s. 
T

he 
young 

clam
s 

are 
p

ro
te

c
te

d
 
a
g
a
in

st 
p
re

d
atio

n
 

by p
la

s
tic

 
n
e
ttin

g
 
la

id
 

on 
th

e 
g
ro

u
n
d
 
o
v
er 

th
e 

clam
s.

P
raw

ns. 
In

v
e
stig

a
tio

n
s 

h
av

e 
co

n
tin

u
ed
 

on 
th

e 
feed

in
g
 

and 
g

ro
w

th
 

o
f 

P
a
la

e
m

on 
se

rra
tu

s 
and 

sp
e
c
ia

l 
a
tte

n
tio

n
 h

as 
b
een

 g
iv

en
 
to
 

th
e 

d
ev

elo
p

m
en

t 
o
f 

sto
ra

b
le
 
p

rep
ared

 
fo

o
d
 

com
pounds.

E
x
p
erim

en
ts 

w
ith

 
P

an
d
alu

s 
p
la

ty
c
e
ro

s 
g

av
e 

m
axim

um
 
g

ro
w

th
 
o
f 

la
rv

a
e

 
and 

p
o
st 

la
rv

a
e
 
a
t 

18-SC 
and 

30foo s
a
lin

ity
. 

G
row

th an
d 

su
rv

iv
a
l 

ra
te

s 
ach

iev
ed

 w
ere 

c
o

n
sid

era
b

ly
 
g
re

a
te

r 
th

an
 
th

o
se 

fo
r 

P
alaem

on 
se

rra
tu

s.

E
x
p
erim

en
ts 

on 
th

e
 
re

a
rin

g
 
o
f M

acrobrachium
 ro

se
n
b
e
rg

i h
av

e 
b

een 
en

co
u

rag
in

g
 

and 
som

e 
in

d
iv

id
u
a
ls 

h
av

e 
reach

ed
 
4

0
-6

0
 

gm
 w

eig
h
t 

in
 

9 
m

onths 
on 

a 
d

ie
t 

o
f 

fre
sh

 My
tilu

s 
tissu

e
.

M
arin

e 
p
o
llu

tio
n

T
o
x
icity

 
in

v
e
stig

a
tio

n
s. 

Som
e 

94 
te

s
ts
 

o
f 

th
e 

to
x
ic

ity
 
o
f 

o
il 

d
isp

e
rsa

n
ts, 

p
e
stic

id
e
s, 

p
o
ly

c
h
lo

rin
a
te

d
 
b
ip

h
e
n
y
ls, 

h
e
rb

ic
id

e
s 

and 
a 

few
 

in
d
u
stria

l 
e
fflu

e
n
ts 

have 
b

een
 m

ade 
u
sin

g
 

C
rangon 

C
rangon, 

C
ardium

 
ed

u
le, 

o
y
ste

r 
la

rv
a
e
, 

A
gonus 

catap
h
ra

c
tu

s 
an

d 
se

v
e
ra

l 
fla

g
e
lla

te
s
 

as 
te

s
t 

o
rg

an
ism

s.

A
li 

te
s
ts
 

to
 

d
ate 

h
av

e 
b

een
 
o
f 48 

h
o
u
rs 

d
u

ra
tio

n
, 

u
sin

g
 
s
ta

tic
 
a
e
ra

te
d

 
w

a
ter. 

A
n 

im
p
ro

v
ed

 m
etho

d
, 

u
sin

g
 

a 
co

n
tin

u
o
u
s 

flo
w
 
o
f w

ater, 
is
 

b
ein

g
 

d
ev

elo
p
ed

,

E
x
p

erim
en

ts 
to
 
d

eterm
in

e 
th

e 
m

inim
um

 
c
o
n
c
e
n
tra

tio
n
s 

o
f 

to
x
in

s 
w

hich
 

cau
se 

sig
n

ific
a
n

t 
av

o
id

an
ce 

re
a
c
tio

n
s 

am
ong 

sh
rim

p
s 

have 
show

n 
th

a
t 

som
e 

to
x

in
s, 

su
ch

 as 
co

p
p
er, 

z
in

c, 
o

il 
d
isp

e
rsa

n
ts 

u
sin

g
 
aro

m
atic 

so
lv

e
n
ts, 

p
h
en

o
l, 

su
lp

h
u
ric 

a
c
id
 an

d 
som

e 
d

e
te

rg
e
n

ts 
a
re 

av
o

id
ed
 
a
t 

c
o
n
c
e
n
tra

tio
n

s 
below

 th
e 

48 
h
o
u
r 

L
C

^q 
v
a
lu

e
, 

w
h

ile 
o
th

e
rs, 

in
c
lu

d
in

g
 m

ercu
ry

, 
DDT 

and 
azin

p
h
o
sm

eth
y
l, 

a
re 

n
o
t 

av
o
id

ed
 
a
t 

c
o
n
c
e
n
tra

tio
n
s 

w
h
ich w

ill 
k
ill 

them
 

in
 

48 
h

o
u

rs.

M
onitoring«» 

T
he 

ro
u
tin

e
 
a
n

a
ly

ses 
o
f 

fish
 

and 
sh

e
llfish

 
fo

r 
o
rg

an
co

h
lo

rin
e 

p
e
stic

id
e
s 

from
 

a 
num

ber 
o
f 

a
rea

s 
ro

u
n
d
 
B

rita
in
 h

av
e 

co
n

tin
u

ed
, 

and 
as 

in
 

p
rev

io
u

s 
y
e
a
rs, 

th
e
 
h

ig
h

e
st 

c
o
n
c
e
n
tra

tio
n
s 

(up 
to
 

2 
ppm

) 
h

av
e 

b
een

 
fo

u
n
d
 
in

 
th

e 
liv

e
rs 

o
f 

cod 
and w

h
itin

g
. 

T
he 

le
v

e
ls 

in
 
fis

h
 m

u
scle 

w
ere 

below
 

0
.1
 

ppm



- 
7 

-

w
ith

 
th

e 
ex

cep
tio

n
 
o
f h

e
rrin

g
 w

h
ich 

reach
ed
 

1 
ppm

. 
D

u
rin

g
 
th

e 
y
e
a
r 

re
g
u
la

r 
a
n

a
ly

sis 
fo

r 
p
o
ly

c
h
lo

rin
a
te

d
 
b

ip
h

en
y

ls 
w

as 
in

c
lu

d
ed

, 
and 

gave 
v

alu
es 

co
m

p
arab

le 
to
 
th

e 
p

e
stic

id
e
s.

F
o

rtn
ig

h
tly

 
sam

p
les 

o
f 

o
y
ste

rs 
and 

sh
rim

p
s 

from
 
th

e 
R

iv
er 

C
rouch 

h
av

e 
b
een

 
an

aly
sed

 
fo

r 
p

e
stic

id
e
s 

to
 

d
eterm

in
e 

seaso
n
al 

ch
an

g
es, 

w
hich

 
h
av

e 
b
een 

fo
u

n
d
 
to
 

be 
g
re

a
te

r 
fo

r 
o
y
ste

rs 
th

an
 
fo

r 
sh

rim
p
s 

C
rangon 

and 
P

andalu
s 

m
on

ta
g
u
i).

E
x

p
erim

en
ts 

on 
th

e 
e
x
te

n
t 

to
 

w
hich

 
su

n
k
en
 
o
il 

fo
u
led

 
fish

in
g
 
g
ear 

show
ed 

th
a
t 

th
e
 
re

su
lts 

v
a
rie

d
 
g
re

a
tly

 w
ith

 th
e 

ty
p
e 

o
f 

o
il 

and 
th

e 
sin

k
in

g
 a

g
e
n
t.

S
tu

d
ies 

h
av

e 
b

een
 
sta

rte
d
 
in

to
 
th

e 
e
ffe

c
ts 

o
f p

o
llu

tio
n
 

by p
ap

er 
m

iii 
w

aste 
an

d 
sew

age 
iii 

th
e 

S
w

ale, 
K

en
t, 

and 
o
f 

dum
ping 

fly
 
ash

, 
c
o
llie

ry
 

w
aste 

and 
d
red

g
in

g
 
sp

o
il 

o
ff 

th
e 

n
o

rth
-e

a
st 

c
o

a
st 

o
f E

n
g
lan

d
, 

and 
o
f 

dum
ping 

sew
age 

slu
d
g
e 

in
 
th

e
 

L
iv

erp
o

o
l 

B
ay 

a
rea

 
o
f 

th
e 

Irish
 

S
ea.

B
a
c
te

ria
l 

p
o
llu

tio
n
 
o
f 

s
h
e
llfish

. 
W

ork 
on 

th
e 

m
ethods 

o
f 

ex
am

in
in

g
 

s
h

e
llfis

h
 fo

r E
. 

c
o
li 

h
av

e 
show

n 
th

a
t 

th
e
 

u
se 

o
f m

ech
an

ical 
m

acerato
rs 

is
mevm 

tcc-axM.-—«. -o
sa

tisfa
c
to

ry
 an

d g
iv

es 
c
o
n
siste

n
t 

re
su

lts 
ju

st 
d
o
u
b
le 

th
o
se 

o
b
tain

ed
 

by 
h
an

d m
aceratio

n
. 

T
ests 

fo
r 

E
. 

c
o
li, 

S
trep

to
co

ccu
s 

fa
e
c
a
lis 

and 
C

lo
strid

ium
 

w
o 1 ollii 

as 
in

d
ic

a
to

rs 
o
f p

o
llu

tio
n
 h

av
e 

show
n no 

ad
v

an
tag

es 
in
 
th

e 
u

se 
o
f 

th
e 

la
tte

r 
tw

o 
o
v
er 

th
e 

c
u
rre

n
t 

stan
d
a
rd
 
te

sts
 
u
sin

g
 E

. 
c
o
li. 

E
x
ten

siv
e 

stu
d
ie

s 
h
av

e 
b
een

 m
ade 

o
f 

th
e 

to
ta

l 
a
ero

b
ic 

b
a
c
te

ria
l 

c
o
n
ten

t 
o
f n

o
n
- 

p
o
llu

te
d
 
e
stu

a
rin

e
 
w

ater 
and 

o
y
ste

rs 
liv

in
g
 
in
 
it. 

U
nder w

arm
 w

eath
er 

c
o
n
d
itio

n
s 

co
u
n
ts 

reach
ed
 

IO
? 

p
e
r m

l 
o
f 

fle
sh

. 
T

he 
d
ev

elo
p
m

en
t 

o
f m

ethods 
fo

r 
c
lea

n
sin

g
 

clam
s 

(M
erc

e
n
a
ria

 
m

ercen
aria 

an
d 

V
en

eru
p
is 

d
e
c
u
ssa

ta
) 

h
as 

co
n

tin
u

ed
.

D
isp

ersio
n
 
o
f p

o
llu

ta
n

ts. 
A

t 
th

e 
F

ish
e
rie

s 
L

ab
o
rato

ry
, 

L
o
w

esto
ft 

p
ra

c
tic

a
l 

and 
th

e
o
re

tic
a
l 

stu
d
ie

s 
o
f 

d
isp

e
rsio

n
 h

av
e 

b
een

 m
ade 

and m
ath

em
atical 

m
o
d
els 

are 
b
ein

g
 

d
ev

elo
p
ed
 

from
 w

h
ich 

it 
is 

hoped 
it 

w
ill 

be 
p
o
ssib

le
 

to
 

p
re

d
ic

t 
th

e
 

sp
read

 
o
f p

o
llu

ta
n
ts 

from
 
p
o
in

ts 
o
f 

d
isch

a
rg

e.

2
. 

S
co

tlan
d

 

(
ja 

H
. 

F
ra

se
r)

S
ev

eral 
se

c
tio

n
s 

o
f 

th
e 

A
b

erd
een 

L
ab

o
rato

ry
 h

av
e 

b
een

 
c
o
lla

b
o
ra

tin
g

 
in
 a 

stu
d

y
 
o
f 

fo
o
d
 
ch

ain
s 

le
a
d
in

g
 to

 
fis

h
 
in
 

tw
o 

ty
p
es 

o
f 

ech
o
sy

stem
 
in

 
a 

w
est 

c
o

a
st 

sea 
lo

ch
 

(L
och E

w
e) 

- 
in
 a 

sh
allo

w
 
c
o
a
sta

l 
san

d
 

en
v
iro

n
m

en
t 

and 
in
 

a 
d

eep
er m

uddy 
en

v
iro

n
m

en
t. 

T
h
is 

h
as 

in
v

o
lv

ed
 
re

g
u

la
r m

o
n
ito

rin
g

 
o
f 

th
e 

p
o
p
u
latio

n
s 

to
 
a
sse

ss 
g
ro

w
th
 and m

o
rta

lity
 ra

te
s 

as 
w

ell 
as 

ex
p
erim

en
tal 

fie
ld
 

and 
la

b
o
ra

to
ry

 w
ork 

on b
eh

av
io

u
r 

and 
p
h
y
sio

lo
g
y
.

O
n th

e 
san

d
, 

th
e 

re
sp

ira
tio

n
 
ra

te
 

o
f 

th
e 

m
icro

b
e 

p
o
p
u
la

tio
n
s 

w
as 

stu
d
ie

d
 
in

 w
in

te
r 

and 
sum

m
er 

a
t 

v
a
rio

u
s 

te
m

p
era

tu
re

s, 
and 

endogenous 
re

sp
ira

tio
n
 w

as 
d

eterm
in

ed
 
in
 

san
d
 

colum
n 

ex
p

erim
en

ts. 
F

ish
 
sam

p
lin

g
 

by 
lo

n
g
lin

e
' show

ed 
th

e 
p
resen

ce 
o
f 

sig
n
ific

a
n
t 

p
o
p
u
latio

n
s 

o
f 

cod 
and 

h
ad

d
o
ck
 a

t 
n
ig

h
t 

in
 d

ep
th

s 
as 

sh
allo

w
 
as 

1 
fath

o
m

, 
and 

th
e
se 

m
ay 

be 
im

p
o

rtan
t 

p
re

d
a
to

rs 
o
f 

ju
v
e
n

ile
 
fla

tfis
h
. 

E
x

p
erim

en
tal 

w
ork 

ori th
e
se
 
p
la

ic
e
 
p

re
d

ato
rs 

h
as 

co
n
tin

u
ed

, 
an

d 
a 

stu
d
y
 w

as 
begun 

o
f 

th
e 

m
etab

o
lic 

c
o
st 

to
 
p

la
ic

e
 

o
f 

g
ili 

v
e
n
tila

tio
n
 u

n
d
er 

v
a
rio

u
s 

co
n
d
itio

n
s.

O
n 

th
e 

m
ud, 

an 
u

n
d

erw
ater 

sta
tio

n
 w

as 
e
sta

b
lish

e
d
 

and 
re

g
u
la

r 
m

easu
rem

en
ts 

m
ade 

o
f 

se
le

c
te

d
 
p
h
y
sic

a
l 

an
d 

ch
em

ical 
fa

c
to

rs. 
In
 p

a
rtic

u
la

r, 
eq

u
ip

m
en

t 
w

as 
se

t 
up 

to
 
c
o
lle

c
t 

m
a
te

ria
l 

sin
k
in

g
 
to
 
th

e 
b

o
tto

m
 w

h
ich w

ould 
c
o

n
trib

u
te
 
to
 
th

e 
fo

o
d
 
c
h
a
in

, 
an

a 
an 

ap
p
aratu

s 
w

as 
d

esig
n

ed
 
to
 

m
easu

re 
sm

all 
b

o
tto

m
 
c
u
rre

n
ts. 

T
he 

m
elo

- 
and m

acro
fau

n
a 

o
f 

th
e 

m
ud 

is 
a
iso

 
b
ein

g
 

sam
pled 

and 
assessm

en
ts 

m
ade 

o
f th

e 
la

rg
e
r 

o
rg

an
ism

s 
w

h
ich

 in
c
lu

d
e 

N
eph

ro
p
s 

norv
e
g
icu

s 
and 

se
v
e
ra

l 
ro

u
n
d
 
fis

h
 
sp

e
c
ie

s.
T

he 
ex

am
in

atio
n
 
o
f 

th
e W

h
ite 

F
ish

 A
u
th

o
rity

 pond 
a
t 

A
rd

to
e, 

re
p

o
rte

d
 

in
 
p

rev
io

u
s 

y
e
a
rs, 

w
as 

co
n
tin

u
ed
 
in
 

19^9 
to
 
d
e
te

c
t 

th
e
 

ch
an

g
es 

ta
k
in

g
 
p
lace 

as 
a 

re
su

lt 
o
f 

su
b

m
ersio

n
.

In
 

1970 
It 

is
 
p

lan
n

ed
 
to
 

co
m

p
lete 

th
e
 

m
ain 

o
b
se

rv
a
tio

n
s 

on 
th

e 
sandy 

g
ro

u
n

d
 by w

ork 
on 

som
e 

a
sp

ec
ts 

n
o

t 
a
lre

a
d
y
 
fu

lly
 
d

e
a
lt 

w
ith

, 
in
 p

a
rtic

u
la

r 
th

e
 
re

la
tio

n
sh

ip
 

o
f 

th
e 

la
rg

e
r 

ep
ifau

n
a 

to
 

th
e 

g
e
n
e
ra

l 
fo

o
d
 
c
h

a
in

. 
O

n 
th

e 
m

uddy g
ro

u
n
d
, 

in
te

n
siv

e
 
e
ffo

rts 
w

ill 
be 

m
ade 

to
 

d
eterm

in
e 

th
e
 

few
 
sp

e
cie

s 
o
f m

acro
fau

n
a w

h
ich

 m
ake 

up 
th

e 
b

u
lk
 
o
f 

th
e 

b
io

m
ass 

and w
hich 

a
re 

to
o
 

w
id

ely
 

d
isp

erse
d
 
to
 

be 
sam

pled 
by g

rab
.



M
u

ssel 
c
u

ltiv
a
tio

n

D
r. 

M
ason M

as 
co

n
tin

u
ed

 
h
is w

ork 
on 

th
e 

ex
p
erim

en
tal 

c
u
ltiv

a
tio

n
 

o
f 

m
u
ssels 

on ro
p

es 
in
 L

in
ae 

M
h
u
irich

, 
an 

in
le

t 
on 

th
e 

w
est 

c
o

a
st 

o
f S

co
tlan

d
. 

G
row

th an
d 

fle
sh

 c
o
n
d
itio

n
 h

av
e 

ag
ain

 h
een

 good 
d

u
rin

g
 
th

e 
p
a
st 

y
e
a
r. 

T
he 

y
e
a
r's 

o
b
se

rv
a
tio

n
s 

h
av

e 
co

n
firm

ed
 
th

a
t 

h
a
rv

e
stin

g
 
sh

o
u

ld
 
ta

k
e 

p
lace 

in
 
th

e 
autum

n w
hen th

e 
m

u
ssels 

are 
14—18 m

onths 
o
ld

.

C
om

m
ercial 

c
u
ltiv

a
tio

n
 h

as 
now

 
sta

rte
d
. 

M
u

ssels 
are 

a 
m

ajo
r 

item
 

in
 
th

e 
fo

o
d
 

o
f 

e
id

e
r 

d
u
ck

s 
in
 
th

is 
a
re

a
, 

b
u

t 
e
id

e
rs 

a
re 

u
n
lik

e
ly
 to

 
be 

a 
se

rio
u
s 

n
u
isan

ce 
u
n
le

ss 
th

e
ir num

bers 
in

c
re

a
se
 
as 

th
e
 
m

u
ssel 

in
d
u
stry

 
expounds.

P
lan

k
to

n
 

sam
p
les 

a
re 

tak
en

 m
o
n
th

ly
 

(M
r. 

S
eato

n
) 

to
 
a
sse

ss 
th

e
 
p
o
ssib

ility
 

o
f 

bloom
s 

o
f 

to
x
ic
 

o
rg

an
ism

s.

P
o
llu

tio
n

It 
is
 

in
ten

d
ed
 
th

a
t 

se
le

c
te

d
 p

a
rts 

o
f th

e
 

fo
o

d
 
ch

ain
 
in
 
th

e 
san

dy
 

en
v
iro

n
m

en
t 

o
f 

L
och Ew

e 
- 

on w
h
ich w

e 
now

 
have 

accu
m

u
lated

 
a 

c
o
n
sid

e
ra

b
le 

am
ount 

o
f 

in
fo

rm
a
tio

n
 
- 

w
ill 

be 
u
sed

 
fo

r 
a 

stu
d

y
 

o
f 

th
e 

lo
n
g
-term

 
e
ffe

c
ts 

o
f v

a
rio

u
s 

p
o

llu
ta

n
ts, 

p
ro

b
ab

ly
 
in

c
lu

d
in

g
 
h
eav

y
 m

etals 
and 

p
erh

ap
s 

p
e
stic

id
e
s.

T
he 

stu
d
y
 
o
f 

th
e
 
e
ffe

c
t 

o
f 

th
e
 
p

u
lp
 m

iii 
e
fflu

e
n
t 

in
to
 

L
ochs 

L
in

n
e 

an
d E

il 
w

as 
co

n
tin

u
ed
 
in
 

19^9«

C
h

em
ical, 

h
y
d
ro

g
rap

h
ic 

and 
p

lan
k

to
n
 
su

rv
ey

s 
w

ere 
m

ade 
o
f 

th
e 

T
ay 

E
stu

ary
 
to
 

d
eterm

in
e 

e
x

istin
g
 
le

v
e
ls 

o
f p

o
llu

tio
n
 

and 
as 

a 
b
ase 

fo
r 

co
m

p
ariso

n
 w

ith
 
fu

rth
e
r 

p
o
llu

tio
n
 
in

d
u
ced

 
ch

an
g

es. 
A

s 
p
a
rt 

o
f 

th
is 

w
ork 

on 
th

e 
S

c
o
ttish

 
e
stu

a
rie

s, 
a
n
^
in

te
rn

a
l 

m
im

eo 
re

p
o

rt 
w

as 
p
rep

ared
 

(C
raig

,R
.E

. 
and A

dam
s, 

J.A
.) 

on 
th

e 
p
lan

k
to

n
 

and 
h
y
d
ro

g
rap

h
y
 
o
f 

th
e 

In
v
ern

ess 
and 

B
eau

ly
 

F
irth

s. 
L

ab
o

rato
ry
 
stu

d
ie

s 
w

ere 
m

ade 
on 

th
e 

ra
te
 

o
f 

d
ecay

 
o
f 

cru
d

e 
o
il 

re
sid

u
e
s' on 

b
each

 
san

d
.

In
 
re

la
tio

n
 
to
 

new
 
in

d
u
strie

s 
b
ein

g
 
p
lan

n
ed

, 
ex

p
erim

en
tal 

w
ork h

as 
begun 

on 
th

e
 
e
ffe

c
ts 

o
f 

p
h
en

o
ls 

on m
arin

e 
p
la

n
ts 

an
d 

an
im

als 
and 

on m
arin

e 
fo

o
d
 
c
h
a
in

s,

A
 
lis

t 
o
f w

o
rk

ers 
in
 
th

e 
fie

ld
 
o
f 

p
o
llu

tio
n
 a

t 
o

th
e
r 

in
s
titu

te
s 

in
 

S
co

tlan
d
, 

w
ith

 b
rie

f n
o
te

s 
on 

th
e 

su
b

je
c
ts 

o
f 

th
e
ir 

re
se

a
rc

h
 w

as 
su

b
m

itted
 

to
 
th

e 
C

hairm
an 

o
f 

th
is 

C
om

m
ittee 

in
 M

ay 
1969»

T
he 

above 
program

m
es a

re 
b
ein

g
 
co

n
tin

u
ed
 
in
 

1970.

P
e
stic

id
e
s 

in
 
th

e 
m

arin
e 

en
v
iro

n
m

en
t 

(A
.Y

. 
H

o
ld

en
, 

P
itlo

c
h
ry

)

A
n
aly

ses 
h
av

e 
b
een

 m
ade 

o
f a 

la
rg

e
 

num
ber 

o
f 

sam
p
les 

o
f 

b
lu

b
b
er 

from
 
se

v
e
ra

l 
sp

e
cie

s 
o
f 

se
a
ls, 

tak
en

 
aro

u
n

d
 
th

e 
c
o
a
sts 

o
f 

E
n
g
lan

d
 

and 
S

co
tlan

d
, 

n
o

rth
e
rn
 N

orw
ay, 

th
e 

G
u

ii 
o
f 

B
o
th

n
ia, 

th
e 

G
u

ii 
o
f 

S
t. 

L
aw

rence 
and 

th
e 

C
an

ad
ian

 A
rc

tic
. 

T
hese 

sam
ples 

in
d
ic

a
te
 
th

e
 
re

la
tiv

e
 

d
eg

ree 
o
f 

p
o
llu

tio
n
 

o
f 

th
e 

v
a
rio

u
s 

sea 
a
re

a
s 

cau
sed

 
by 

o
rg

an
o
ch

lo
rin

e 
p

e
stic

id
e
s 

an
d p

o
ly

c
h
lo

rin
a
te

d
 
b
ip

h
en

y
ls 

(FC
B

’s
). 

T
he 

G
u
lf 

o
f 

S
t. 

L
aw

rence, 
th

e 
G

u
ii 

o
f 

B
o

th
n

ia 
an

d 
th

e 
e
a
st 

c
o
a
sts 

o
f 

S
co

tlan
d
 

and 
E

n
g
lan

d
 

show
ed 

th
e 

p
resen

ce 
o
f 

h
ig

h
 
le

v
e
ls 

o
f 

th
e 

DDT 
g
ro

u
p
 
o
f 

re
sid

u
e
s, 

and 
p
a
rtic

u
la

rly
 

h
ig

h
 

PC
B
 
le

v
e
ls 

w
ere 

fo
u
n
d
 
in
 

sam
p

les 
from

 
th

e 
e
a
st 

c
o
a
st 

o
f E

n
g

lan
d

,
S

am
ples 

o
f 

se
a
l 

pups 
fo

u
n

d
 

d
ead 

on 
th

e 
so

u
th

-w
est 

c
o
a
st 

o
f E

n
g
lan

d
, 

and 
o

f 
pups 

k
ille

d
 

on 
th

e 
n

o
rth

-e
a
st 

c
o

a
st 

o
f 

E
n
g
lan

d
, 

a
iso

 
co

n
tain

ed
 h

ig
h

 
PC

B
 le

v
e
ls, 

an
d 

th
e 

so
u

rces 
o
f 

d
isch

a
rg

e 
o
f 

th
e
se
 
ch

em
icals, 

w
id

ely
 u

sed
 

in
 

som
e 

in
d
u
strie

s, 
a
re 

u
n
d
er 

in
v
e
stig

a
tio

n
.

S
am

ples 
o
f 

fiv
e
 

sp
e
cie

s 
o
f 

fish
 

(h
e
rrin

g
, 

m
ack

erel, 
p
la

ic
e
, 

ood 
and w

h
itin

g
) 

are 
now

 b
ein

g
 
tak

en
 
tw

ice 
y
e
a
rly

 
from

 
six

 
a
re

a
s 

aro
u
n
d
 
th

e 
S

c
o
ttish

 
c
o
a
st 

fo
r 

o
rg

an
o

ch
lo

rin
e 

a
n
a
ly

sis. 
T

he 
F

irth
 
o
f 

C
lyde 

h
as 

p
ro

v
ed

 
to
 

be 
th

e 
area 

m
ost 

co
n

tam
in

ated
 

by 
PC

B
 re

sid
u
e
s, 

and 
fo

llo
w

in
g
 

a 
se

rio
u
s 

m
o
rta

lity
 
o
f 

se
a
-b

ird
s 

in
 
th

is 
a
re

l in
 
th

e 
autum

n 
o
f 

1969 
fu

rth
e
r 

sam
p

les 
o
f 

fis
h
, 

s
h
e
llfis

h
 

and 
p
lan

k
to

n
 w

ere 
ta

k
en

. 
T

hese 
co

n
firm

ed
 
th

e 
p

resen
ce 

o
f 

PC
B
 re

sid
u

e
s, 

w
h
ich

 had 
b
een 

fu
rth

e
r 

accu
m

u
lated

 
by 

th
e 

b
ird

s 
feed

in
g
 

on 
th

e 
fis

h
. 

T
he 

im
p
lic

a
tio

n
 
o
f 

PC
B
’s 

as 
th

e 
d
ire

c
t 

cau
se 

o
f 

th
e
 
b
ird

 m
o

rta
lity

 
h

as 
n
o
t 

b
een

 
e
sta

b
lish

e
d
.

O
th

er m
arin

e 
sam

p
les 

an
aly

sed
 
in

clu
d
ed

 m
u
ssels 

and 
d
o
g
fish

, 
w

hich 
form

ed 
p
a
rt 

o
f 

an 
OECD 

stu
d

y
 
o
f 

p
e
stic

id
e
s 

in
 
th

e
 
en

v
iro

n
m

en
t. 

T
h
is 

stu
d
y

, in
 

w
hich

 
elev

en
 
c
o

u
n

trie
s 

p
a
rtic

ip
a
te

d
, 

p
ro

d
u

ced
 
ev

id
en

ce 
su

g
g
estin

g
 
th

a
t 

fish
 

from
 
th

e 
m

arin
e 

en
v
iro

n
m

en
t 

m
ay 

c
o

n
tain

 h
ig

h
e
r 

re
sid

u
e
 
le

v
e
ls 

th
an

 m
any 

fre
sh

­
w

ater 
sp

e
c
ie

s.
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P
ro

g
ram

m
e 

fo
r 

1970

T
w

ice-y
early

 
sam

p
lin

g
 
o
f 

fiv
e
 

sp
e
cie

s 
o
f m

arin
e 

fish
 

from
 
six

 
S

c
o

ttish
 
sea 

a
re

a
s, 

fo
r p

e
stic

id
e
 
a
n
a
ly

sis, 
w

ill 
c
o
n
tin

u
e
. 

T
he 

m
ajo

r 
so

u
rces 

o
f 

PC
B 

co
n
tam

in
atio

n
 
in
 
S

c
o

ttish
 w

aters 
w

ill 
be 

in
v

e
stig

a
te

d
.

F
u
rth

er 
sam

p
les 

o
f 

se
a
l 

b
lu

b
b
er w

ill 
be 

an
aly

sed
, 

u
sin

g
 

a 
new

 
tech

n
iq

u
e 

to
 

se
p
a
rate

 
th

e 
p
e
stic

id
e
s 

from
 
th

e 
PC

B
 re

sid
u
e
s. 

I
t 

is 
hoped 

to
 

o
b
ta

in
 

sam
p
les 

o
f k

ille
r w

h
ales, 

and 
o
f 

sp
e
cie

s 
o
f 

se
a
ls 

w
hich 

a
re 

th
e 

su
b
je

c
ts 

o
f 

o
th

e
r 

in
v
e
stig

a
tio

n
s.

M
u

ssels 
an

d 
sp

ra
ts 

w
ill 

be 
an

aly
sed

 as 
p
a
rt 

o
f 

a 
fu

rth
e
r 

OECD 
stu

d
y
 

program
m

e, 
and 

it 
is
 

hoped 
to
 

exam
ine 

sam
p
les 

o
f 

salm
on 

from
 
G

reen
lan

d
 

and 
S

c
o
ttish

 w
aters»

U
.S

.S
.R

.
(S

oG
. 

F
ed

o
ro

v
)

In
 

1969 
th

e 
stu

d
ie

s 
o
f 

a
c
c
lim

a
tisa

tio
n
 
o
f 

p
in

k
 

salm
on 

in
 
th

e 
b
a
sin

 
o
f 

th
e W

h
ite 

and 
B

aren
t 

S
eas 

w
ere 

co
n
tin

u
ed

. 
A

bout 
8 m

illio
n
s 

fry
 w

ere 
re

le
a
se

d
 
in

to
 
th

e 
riv

e
rs 

lim
ba 

and 
O

nega 
from

 h
a
tc

h
e
rie

s 
o
f 

th
e 

M
urm

ansk 
an

d A
rk

h
an

g
elsk

 
re

g
io

n
s. 

T
he 

sp
rin

g
 

o
f 

I969 
w

as 
co

ld
 

and 
th

e 
young 

m
ig

ra
tin

g
 
in

to
 
th

e 
sea 

w
ere 

re
la

tiv
e
ly
 
sm

all 
(ab

o
u
t 

6 
g

).

O
f 

th
e 

5 
m

illio
n
s 

fry
 

from
 h

a
tc

h
e
rie

s 
re

le
a
se

d
 
in
 
I968 

and 
o
f 

th
e 

fry
 

from
 n

a
tu

ra
l 

p
o

p
u

la
tio

n
s, 

200 
a
d
u
lt 

sp
ecim

ens 
o
f 

p
in

k
 

salm
on w

ere 
re

g
iste

re
d
 
in
 
catch

es 
tak

en
 
in
 
th

e
 
w

aters 
o
f 

th
e M

urm
ansk and A

rk
h

an
g

elsk
 

re
g
io

n
s. 

T
hus 

th
e 

re
tu

rn
 y

ie
ld
 w

as 
v

ery
 

low
 and 

e
stim

a
te

d
 
to
 

ab
o
u
t 

0
.0

1
$

.

In
v
e
stig

a
tio

n
s 

on 
th

e 
re

p
ro

d
u
c
tio

n
a
l 

c
o
n
d
itio

n
s 

o
f 

th
e 

sp
e
cie

s 
w

ere 
c
a
rrie

d
 

o
u
t 

from
 
lan

d
 

and 
a
t 

sea 
e
x

p
e
d

itio
n

s. 
In
 

19^9 
th

e 
sum

m
er w

as 
co

ld
 

and 
th

e 
autum

n 
la

te
 

(2
-3
 

w
eeks 

la
te

r 
th

an
 n

o
rm

al). 
T

he 
c
o

n
d

itio
n

s 
fo

r 
spaw

ning 
in
 
p
in

k
 

salm
on w

as, 
h
o
w

ev
er, 

n
e
a
rly

 n
o
rm

al 
d
u
rin

g
 

autum
n.

A
t 

th
e 

end 
o
f 

Ju
n

e 
800 

sp
ecim

en
s 

o
f 

th
e
 

K
am

tch
atk

a 
crab

 
(young 

and 
m

atu
re 

in
d
iv

id
u
a
ls) w

ere 
re

le
a
se

d
 
in
 
th

e 
K

ild
in
 
S

tra
it 

a
re

a
. 

U
n
d
erw

ater 
o
b
se

rv
a
tio

n
s 

show
ed 

th
a
t 

th
e 

crab
s 

m
oved 

aw
ay 

from
 
th

e
 

sh
o
re 

to
 
g
re

a
te

r 
d

ep
th

s 
im

m
ed

iately
 
a
fte

r 
th

e 
re

le
a
se

.

In
 

1970 
th

e 
fo

llo
w

in
g
 
p

ro
b

lem
s 

w
ill 

be 
co

n
sid

ered
 g-

1) 
D

ow
nstream

 m
ig

ratio
n
 
o
f 

th
e 

young 
o
f 

p
in

k
 

salm
on 

in
 
th

e 
riv

e
rs 

o
f 

O
nega 

and U
m

ba.

2) 
A

bundance 
and m

ig
ra

tio
n
 
c
o
n
d
itio

n
s 

o
f p

in
k
 

salm
on 

in
 
th

e 
riv

e
rs 

o
f 

th
e
 M

urm
ansk re

g
io

n
.

In
 
a
d
d
itio

n
 re

se
a
rc

h
 w

ill 
be 

co
n
tin

u
ed
 

on 
th

e 
e
ffe

c
t 

o
f 

s
a
lin

ity
 

and m
anganese 

io
n
s 

on 
su

rv
iv

a
l 

and m
etab

o
lism

 
o
f 

th
e 

B
a
ltic

 
flo

u
n
d
e
r, 

d
iffe

re
n

t 
sh

e
llfish

 
and 

c
ru

sta
c
e
a
n

s.


