
In
te

rn
a
ti

o
n
a
l 

C
ou

nc
il
 f

o
r 

th
e 

E
x
p
lo

ra
ti

o
n
 o

f 
th

e 
S

ea
C

.M
. 

19
80

/L
sl

 
A

d
m

in
is

tr
at

iv
e 

R
ep

or
t

BI
O

LO
G

IC
A

L 
OC

EA
NO

GR
AP

HY
 C

OM
M

IT
TE

E

by

T
. 

P
la

tt

19
79

B
el

gi
um

(R
. 

D
e 

C
le

rc
k
 a

nd
 P

h.
 

P
ol

k)

A
. 

P
H

Y
T

O
P

L
A

N
C

T
O

N
.

S
tu

d
ie

s 
on
 

th
e 

p
ri

m
a
ry
 
p
ro

d
u
ct

io
n
 

in
 

th
e 

S
o
u
th

er
n
 

B
ig

h
t 

o
f 

th
e 

N
o

rt
h
 

S
ea

.

P
o
ss

ib
le
 

im
p
o
rt

an
ce
 

of
 t

h
e 

ex
cr

et
io

n
 

of
 p

h
y

to
pl

an
kt

o
n

.

N
at

u
ra

l 
m

o
rt

a
li

ty
 

of
 p

h
y
to

p
la

n
k
to

n
.

B
. 

Z
O

O
P

L
A

N
C

T
O

N
.

1.
 

E
la

b
o
ra

ti
o
n
 

o
f 

m
o
d
el

li
n
g
 

of
 t

h
e 

b
io

m
as

s 
of
 t

h
e 

m
o

st
 
im

p
o
rt

an
t 

C
o

p
ep

o
d 

p
o
p
u
la

ti
o
n
 
in
 
th

e 
S

o
u
th

er
n
 

B
ig

h
t.

2.
 

C
o
n
ti

n
u
at

io
n
 

of
 
g
ra

zi
n
g
 

ex
p

er
im

en
ts
 

at
 
n
e
a
rl

y
 

in
 

si
tu
 

co
n
d
it

io
n
s 

(n
at

u
ra

l 
co

n
ce

n
tr

at
io

n
s 

o
f 

Z
o
o
- 

an
d 

p
h
y
to

p
la

n
k
to

n
),
 

d
et

er
m

in
at

io
n

 

of
 
e
n

e
rg

y
-t

ra
n

sf
e
r 

of
 l

iv
in

g
 

p
h
y
to

p
la

n
k
to

n
 
to
 

zo
o
p
la

n
k
to

n
.

3.
 

G
ra

zi
n

g
 

ex
p

er
im

en
ts
 

on
 t

o
ta

l 
p

a
rt

ic
le

s 
(l

iv
in

g
 

an
d
 
n
o
n
-l

iv
in

g
 

m
a
te

ri
a
l)

 

an
d 

se
le

ct
io

n
 

du
e 

to
 
p
a
rt

ic
le

-s
iz

e
.

4.
 

D
ri

ft
in

g
 

an
d
 

d
ev

el
o
p
m

en
t 

of
 
fi

sh
 

eg
g
s.

5.
 

S
tu

dy
 

of
 v

e
rt

ic
a
l 

m
ig

ra
ti

o
n
 

of
 z

o
o
p
la

n
k
to

n
.

6.
 

P
o
p
u
la

ti
o
n
 

d
y
n
am

ic
s 

o
f 

co
p
ep

o
d
s.

C
. 

B
A

C
T

E
R

IO
P

L
A

N
K

T
O

N
.

T
o

ta
l 

p
la

n
ct

o
n
ic
 

re
sp

ir
a
ti

o
n
 
m

e
as

u
re

m
e
n
ts
 

(o
xy

ge
n
 

co
n
su

m
p
ti

o
n
, 

d
ar

k
 

C
O

fi
x
at

io
n
) 

h
e
te

ro
tr

o
p

h
ic
 

ac
ti

v
it

y
 
m

e
as

u
re

m
e
n
ts
 

: 
in

co
rp

o
ra

ti
o

n
 

an
d
 

re
sp

ir
a
ti

o
n

of
 
ra

d
io

ac
ti

v
e 

su
b

st
ra

te
s.



- 
2 

-

D
et

er
m

in
at

io
n

s 
of
 
o

rg
an

ic
 
m

a
tt

e
r 

co
n
ce

n
tr

at
io

n
 

(B
O

D
, 

T
O

C
) 

; 
g

lu
co

se
 

an
d 

ca
rb

o
h

y
d

ra
te

s 
co

n
ce

n
tr

at
io

n
s 

an
d
 
a
c
ti

v
it

ie
s.

D
is

cu
ss

io
n
 

o
f 

th
o
se
 

re
su

lt
s 

in
 

fu
n
ct

io
n
 

of
 t

w
o 

m
ai

n
 
p
ro

b
le

m
s 

:

- 
co

n
tr

ad
ic

ti
o

n
 

b
et

w
ee

n
 
to

ta
l 

p
ri

m
a
ry
 
p
ro

d
u
ct

io
n
 

an
d
 

to
ta

l 
co

n
su

m
p

ti
o

n
.

- 
re

la
ti

v
e 

ro
le
 

of
 z

o
o

p
la

n
ct

o
n
 

an
d
 
b

a
c
te

ri
a
 

in
 

re
cy

cl
in

g
 
th

e 
o
rg

an
ic

 

m
a
tt

e
r.

D
. 

S
E

A
B

IR
D

S
.

D
is

tr
ib

u
ti

o
n
 

o
f 

se
ab

ir
d

s 
in
 t

h
e 

N
o

rt
h
 
S

ea
, 

in
 

co
n
n
ec

ti
o
n
 
w

it
h
 

fo
od

 

d
is

tr
ib

u
ti

o
n
 

an
d
 t

h
e 

ec
o

lo
g

ic
al
 

st
ru

c
tu

re
 

of
 t

h
e 

w
at

er
 
b
o
d
ie

s.

C
an

ad
a 

'

(T
. 

P
la

tt
)

S
tu

d
ie

s 
on
 

p
la

n
k

to
n
 

to
x
in

s 
o
f 

d
ir

e
c
t 

im
po

rt
an

ce
 
to
 
sh

e
ll

fi
sh

 

an
d 

fi
n

fi
sh
 
fi

sh
er

ie
s 

co
n
ti

n
u
ed

, 
w

it
h 

em
ph

as
is
 

on
 

th
e 

fa
te
 
o
f 

G
on

ya
ul

ax
 

to
x
in

s 
in
 

th
e 

fo
od
 

ch
ai

n 
an

d 
co

ns
eq

ue
nc

es
 

to
 
fi

n
fi

sh
 

(S
t.
 

A
nd

re
w

s)
.

In
 
b
ri

e
f 

su
m

m
ar

y,
 

th
e 

ra
p
id
 

up
ta

ke
 
o
f 

G
on

ya
ul

ax
 
to

x
in

s 
by
 

ea
ch
 

of
 

se
v
er

al
 

zo
o

p
la

n
k
te

rs
 

ha
s 

be
en
 

de
m

on
st

ra
te

d
 

in
 

g
ra

zi
n

g
 

ex
pe

ri
m

en
ts
 

pe
rf

or
m

ed
 

in
 

th
e 

la
b

o
ra

to
ry

. 
F

u
rt

h
er

m
o

re
, 

to
x
in
 

re
te

n
ti

o
n
 

by
 
th

e 
zo

o
p

la
n

k
te

rs
 

w
as

 

sh
ow

n 
fo

r 
a
t 

le
a
st
 
si

x
 

da
ys
 
a
ft

e
r 

in
g
es

ti
o
n
 
o
f 

th
e 

d
in

o
fl

ag
el

1 a
te

s.
 

T
he

 

si
g
n
if

ic
an

ce
 

is
 

th
a
t 

a 
v
ar

ie
ty
 
o
f 

p
la

n
k
to

n
ic
 

h
er

b
iv

o
re

s 
ar

e 
ca

pa
bl

e 
of

 

tr
a
n
sf

e
rr

in
g
 

G
on

ya
ul

ax
 

to
x
in

s 
to
 

m
ar

in
e 

fi
sh

. 
T

hi
s 

w
as
 

su
p
p
o
rt

ed
 

du
ri

ng
 

th
e 

su
m

m
er
 o

f 
19

79
 

by
 

a 
h
er

ri
n
g
 
k
il

l 
o
ff
 B

ea
ve

r 
H

ar
bo

ur
, 

N
.B

., 
ca

us
ed
 

by
 

G
on

ya
ul

ax
 

to
x
in

s 
w

hi
ch
 

w
er

e,
 

in
 
th

is
 

ca
se

, 
tr

an
sm

it
te

d
 

by
 
th

e 
cl

ad
o
ce

ra
n

 

E
va

dn
e 

no
rm

an
ni

, 
u
n
li

k
e 

th
e 

19
76
 

G
ra

nd
 M

an
an
 
h

er
ri

n
g
 
k
il

l 
in
 w

hi
ch
 

pt
er

op
od

s 

w
er

e 
in

v
o
lv

ed
.

In
 

vi
ew

 o
f 

th
e 

th
o
u
g
h
t 

p
re

v
ai

li
n
g
 
b
ef

o
re
 

th
e 

19
76
 

h
er

ri
n

g
 
k
il

l 
th

a
t 

fi
sh
 

in
 

g
en

er
al
 

w
er

e 
in

se
n
si

ti
v
e
 
to
 

th
e 

to
x
in

s 
o
f 

th
e 

e
a
st
 

co
as

t 
G

on
ya

ul
ax

, 

th
e 

se
n
si

ti
v
it

ie
s 

o
f 

ad
u

lt
 
fi

sh
 

(h
er

ri
n
g
, 

p
o

ll
o

ck
, 

fl
o
u
n
d
er

) 
to
 

th
e 

to
x

in
s 

w
er

e 
d

et
er

m
in

ed
. 

P
o

ll
o

ck
 

an
d 

fl
o
u
n
d
er
 w

er
e 

fo
un

d 
to
 

ha
ve
 
si

m
il

ar
 s

e
n
si

ti
­

v
it

ie
s 

to
 

o
ra

! 
do

se
s 

o
f 

to
x
in

s 
as
 

h
er

ri
n
g
 
(i

.e
.,
 

L
D

50
:6

50
 

y
g
/k

g
),
 

m
ea

ni
ng

^
P

a
rt
 

o
f 

th
e 

C
an

ad
ia

n 
re

p
o
rt
 
to
 
th

e 
S

h
e
ll

fi
sh

 C
om

m
it

te
e 

m
ay
 a

is
o
 b

e 
o
f 

in
te

re
st

 

to
 t

h
e 

m
em

be
rs
 

o
f 

th
e 

B
io

lo
g
ic

al
 

O
ce

an
og

ra
ph

y 
C

om
m

it
te

e 
«



- 
3 

-

th
a
t 

k
il

ls
 

o
f 

fi
sh
 

o
th

er
 

th
an
 

h
er

ri
n

g
 

ar
e 

p
o
ss

ib
le

, 
as
 

ev
id

en
ce

d 
by

 

re
ce

n
t 

re
p

o
rt

s 
fr

om
 
o
th

er
 

ar
ea

s 
of
 
k

il
ls
 

o
f 

sa
nd
 

la
un

ce
 

an
d 

m
en

ha
de

n 
in

 

as
so

ci
at

io
n
 

w
it

h 
G

on
ya

ul
ax
 

bl
oo

m
s.

A
n 

h
y
p
o
th

es
is
 

th
a
t 

G
on

ya
ul

ax
 

to
x
in

s 
in
 

zo
op

la
nk

to
n 

co
ul

d 
in

fl
u

en
ce

 

fi
sh

e
ri

e
s 

re
so

u
rc

es
 

th
ro

ug
h 

in
cr

ea
se

d
 
m

o
rt

al
it

y
 

o
f 

la
rv

al
 

fi
sh

es
 

w
as

 

te
st

e
d
. 

In
 

o
rd

er
 

to
 

in
v

es
ti

g
at

e 
th

is
, 

h
er

ri
n
g
 

la
rv

ae
 w

er
e 

re
ar

ed
 

in
 

th
e 

la
b

o
ra

to
ry
 

fo
r 

IO
 w

ee
ks
 

p
as

t 
y

o
lk

-s
ac
 
st

ag
e.
 

E
xp

er
im

en
ts
 

sh
ow

ed
 
n

ea
rl

y
 

a 

20
%
 

in
cr

ea
se
 

in
 m

o
rt

al
it

y
 
o
f 

h
er

ri
n

g
 

la
rv

ae
 

ov
er
 j

u
st
 4
 

da
ys
 

w
he

n 
G

on
ya

ul
ax

 

to
x

in
-c

o
n

ta
in

in
g
 

co
pe

po
ds
 

ve
rs

us
 

to
x

in
-f

re
e 

co
pe

po
ds
 

w
er

e 
ea

te
n
, 

w
hi

ch
 

ha
s 

ob
vi

ou
s 

im
p

li
ca

ti
o

n
s 

fo
r 

y
ea

r-
cl

as
s 

st
re

n
g

th
s.

T
he

se
 

ne
w
 
re

su
lt

s 
se

t 
th

e 
st

ag
e 

fo
r 

de
ve

lo
pm

en
t 

o
f 

a 
ge

ne
ra

l 
as

se
ss

m
en

t 

o
f 

th
e 

sc
op

e 
o
f 

G
on

ya
ul

ax
 
e
ff

e
ct

s 
on
 
fi

sh
e
ri

e
s.

In
 

ad
d

it
io

n
, 

th
re

e 
su

m
m

er
 

al
g
al
 

bl
oo

m
s 

re
la

te
d
 

to
 

B
ay
 

of
 

Fu
nd

y 
fi

sh
 
k

il
ls
 

an
d 

o
th

er
 
fi

sh
e
ri

e
s 

pr
ob

le
m

s 
w

er
e 

in
v
es

ti
g
at

ed
 

in
 

19
79

.

T
he
 
fi

rs
t 

w
as
 

th
e 

G
on

ya
ul

ax
 b

lo
om

 w
hi

ch
 

ca
us

ed
 

a 
h
er

ri
n
g
 
k
il

l 
o
ff
 B

ea
ve

r 

H
ar

bo
ur
 

an
d 

sy
m

pt
om

s 
o
f 

p
ar

al
y
si

s 
in
 

h
er

ri
n

g
 
o
ff
 

G
ra

nd
 N

an
an

. 
T

he
 s

ec
on

d 

w
as
 

a 
bl

oo
m
 o

f 
M

es
od

in
iu

m
 r

ub
ru

m
 
in
 

th
e 

so
u

th
w

es
te

rn
 B

ay
 
o
f 

Fu
nd

y 
ca

us
in

g 

"r
ed

 w
at

er
" 

an
d 

w
hi

ch
 

w
as

, 
p
er

h
ap

s,
 

a 
co

n
tr

ib
u
ti

n
g
 

fa
ct

o
r 

in
 

th
e 

B
ea

ve
r 

H
ar

bo
ur
 
h
er

ri
n

g
 
k
il

l.
 

T
he
 
th

ir
d
 w

as
 

a 
bl

oo
m
 o

f 
th

e 
d
in

o
fl

 a
ge

l l
a
te
 

11 

P
er

id
in

iu
m
 

tr
oc

ho
id

eu
m

, 
w

hi
ch
 

o
cc

u
rr

ed
 

al
on

g 
w

it
h 

it
s 

cy
st

s 
in
 

lo
n
g
, 

st
ic

k
y

, 

m
uc

il
ag

in
ou

s 
th

re
ad

s 
in
 

th
e 

su
rf

ac
e 

w
at

er
s 

o
f 

th
e 

B
ay
 
o
f 

Fu
nd

y,
 

ba
dl

y
 

fo
u
li

n
g
 

tr
aw

l 
li

n
es
 

as
 

w
el

l 
as
 

h
er

ri
n

g
 w

ei
rs

.

H
yd

ro
gr

ap
hi

c,
 

m
et

eo
ro

lo
g

ic
al

, 
an

d 
sh

e
ll

fi
sh
 
to

x
ic

it
y
 

d
at

a 
fo

r 
th

e 

p
as

t 
20
 y

ea
rs
 

ha
ve
 b

ee
n 

o
b
ta

in
ed
 

an
d 

lo
gg

ed
 

on
 

co
m

pu
te

r 
fo

rm
s 

in
 

o
rd

er
 

to
 

g
en

er
at

e 
a 

p
re

d
ic

ti
v
e 

d
ev

ic
e 

fo
r 

th
e 

ti
m

in
g
 

an
d 

se
v
er

it
y
 
o
f 

G
on

ya
ul

ax
 

bl
oo

m
s.

B
ed

fo
rd
 

B
as

in
 

zo
op

la
nk

to
n 

ha
ve
 

be
en
 

us
ed
 
to
 

st
u

d
y 

th
e 

fe
ed

in
g
 

be
ha

vi
ou

r 

an
d 

n
u
tr

it
io

n
 

o
f 

co
pe

po
ds
 

an
d 

th
e 

li
fe
 

cy
cl

es
 

o
f 

re
p
re

se
n
ta

ti
v
e 

m
ic

ro
- 

zo
o
p
la

n
k
to

n
k
te

rs
(M

ar
in

e 
E

co
lo

gy
 

L
ab

o
ra

to
ry

).
 

On
 

th
e 

b
as

is
 

o
f 

la
b

o
ra

to
ry

- 

de
te

rm
in

ed
 
ra

te
s,
 
it
 w

as
 

ca
lc

u
la

te
d
 

th
a
t 

fr
om

 
20

%
 

to
 

50
%
 

o
f 

th
e 

d
ai

ly
 
p
la

n
t



- 
4 

-

p
ro

d
u

ct
io

n
, 

in
 

te
rm

s 
o
f 

ca
rb

on
 

an
d 

n
it

ro
g
en

, 
co

ul
d 

be
 

gr
az

ed
 o

ff
 b

y 
th

e 

zo
op

la
nk

to
n 

d
u

ri
n

g
 

th
e 

sp
ri

n
g
 

bl
oo

m
. 

O
f 

th
a
t 

in
g
es

te
d
, 

ab
ou

t 
13

%
 o

f 
th

e 

ca
rb

on
 

an
d 

29
%
 

o
f 

th
e 

n
it

ro
g

en
 

m
ig

ht
 

be
 

in
co

rp
o
ra

te
d
 

in
to
 

zo
op

la
nk

to
n 

gr
ow

th
 

A
bs

or
pt

io
n 

ef
fi

ci
en

cy
 w

as
 

ab
o
u
t 

60
%
 
re

g
ar

d
le

ss
 

o
f 

fo
od
 

co
n

ce
n

tr
at

io
n
 

o
r 

am
ou

nt
 
o
f 

fo
od
 

in
g

es
te

d
. 

It
 

ha
s 

ai
so
 

be
en
 

sh
ow

n 
th

a
t 

th
e 

re
la

ti
v
e

 

o
cc

u
rr

en
ce
 
o
f 

d
ig

es
ti

v
e 

en
zy

m
es
 

us
ed
 

by
 

co
pe

po
ds
 

to
 

pr
oc

es
s 

d
if

fe
re

n
t 

n
u
tr

it
io

n
al
 

su
b

st
ra

te
s 

ar
e 

h
ig

h
ly
 
co

rr
el

at
ed

 w
it

h 
th

e 
re

la
ti

v
e
 

ab
un

da
nc

e 
o
f 

d
if

fe
re

n
t 

su
b

st
ra

te
s 

in
 

th
e 

am
bi

en
t 

fo
od
 
p

a
rt

ic
le
 

p
o
p
u
la

ti
o
n
. 

T
he
 m

u
lt

i­

n
e
t,
 
m

u
lt

i-
se

n
so

r 
BI

O
N

ES
S 

ha
s 

be
en
 

b
ro

u
g
h
t 

to
 
o
p
er

at
io

n
al
 

st
a
tu

s 
an

d 
is

 

no
w
 

eq
ui

pp
ed
 w

it
h 

se
n
so

rs
 

fo
r 

CT
D

, 
ro

ll
, 

p
it

ch
, 

ya
w

, 
il

lu
m

in
at

io
n

, 
an

d 

in
te

rn
al
 

an
d 

ex
te

rn
al
 

fl
ow

. 
It
 

is
 

ai
so
 

no
w
 a

ss
o
ci

at
ed

 w
it

h 
o

p
ti

ca
l 

(c
am

er
a,
 

st
ro

b
e)
 

an
d 

ac
o

u
st

ic
 

(1
20
 

kH
z)
 

to
o
ls
 

fo
r 

o
b
se

rv
in

g
 

pl
an

kt
on

 

b
ef

o
re
 

th
e 

n
et

s.
 

It
 h

as
 

be
en
 

us
ed
 

to
 

st
u

d
y 

th
e 

o
ri

e
n
ta

ti
o
n
, 

an
d 

he
nc

e 

ac
o

u
st

ic
 
p
ro

p
e
rt

ie
s,
 

o
f 

eu
p

h
au

si
id

s 
in
 
sc

a
tt

e
ri

n
g
 

la
y
er

s,
 

as
 

w
el

l 
as

 

m
es

op
la

nk
to

n 
ec

ol
og

y 
a
t 

th
e 

sh
el

f-
b
re

ak
 
fr

o
n

t 
o
f 

th
e 

S
co

ti
a 

S
h
el

f 
an

d 
A

rc
ti

c 

T
he
 A

tl
an

ti
c 

m
ac

ke
re

l 
(S

co
m

be
r 

sc
om

br
us

) 
be

gi
ns
 

to
 

sp
aw

n 
in
 

th
e 

so
u
th

er
n

 

G
ul

f 
o
f 

S
t.
 

L
aw

re
nc

e 
in
 

ea
rl

y
 J

u
ly

. 
T

hi
s 

co
in

ci
d

es
 

w
it

h 
th

e 
m

ax
im

um
 

bi
om

as
s 

o
f 

su
m

m
er
 
p
la

n
k
to

n
. 

T
he
 

eg
gs
 

ha
ve
 

an
 

av
er

ag
e 

si
z
e 

o
f 

1.
3 

mm
 
a
t 

th
e 

be
­

g
in

n
in

g 
o
f 

th
e 

sp
aw

ni
ng
 

se
as

on
 

an
d 

th
is
 

d
ec

re
as

es
 

to
 

1.
1 

mm
 b

y 
m

id
-A

ug
us

t. 

T
hi

s 
fo

ll
o
w

s 
a 

co
rr

es
p

o
nd

in
g
 

d
ec

re
as

e 
in
 

th
e 

m
ea

n 
si

ze
 

of
 
th

e 
p

la
n

k
to

n
.

T
he
 
si

z
e 

co
rr

el
at

io
n
 

w
as
 

as
 

im
p
o
rt

an
t 

as
 

th
e 

pl
an

kt
on
 

bi
om

as
s 

in
 

de
te

rm
in

in
g 

th
e 

ab
un

da
nc

e 
o
f 

su
it

ab
le
 

fo
od
 

or
ga

ni
sm

s 
fo

r 
th

e 
ne

w
ly
 

h
at

ch
ed
 
la

rv
ae

. 
T

hu
s 

bo
th
 

th
e 

ti
m

in
g
 
o
f 

th
e 

o
n

se
t 

o
f 

sp
aw

ni
ng
 

an
d 

th
e 

p
ro

g
re

ss
iv

e 
d

ec
re

as
e 

in
 

eg
g 

si
ze
 

du
ri

ng
 

th
e 

sp
aw

ni
ng
 

se
as

on
 

en
su

re
 
th

a
t 

la
rv

ae
 
ar

e 
pr

od
uc

ed
 
a
t 

th
e
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co
rr

ec
t 

ti
m

e 
an

d 
si

ze
 

fo
r 

th
em
 

to
 

en
co

u
n
te

r 
an
 

ab
un

da
nt
 

su
pp

ly
 o

f 
ap

pr
o­

p
ri

a
te

ly
 
si

ze
d
 

fo
od
 

or
ga

ni
sm

s.

T
he
 
la

rv
ae
 
o
f 

th
e 

P
er

uv
ia

n 
an

ch
ov

y 
(E

n
g

ra
u

li
s 

ri
n
g
en

s)
 

ar
e 

2
.8
 m

m 
in

 

le
n

g
th
 

on
 

h
at

ch
in

g
 

an
d 

su
b

si
st
 

on
 

th
e 

y
o
lk
 

sa
c 

fo
r 

2.
75
 

da
ys
 

(a
t 

18
°C

).

T
he

y 
be

gi
n 

fe
ed

in
g
 

1.
35
 

da
ys
 
a
ft

e
r 

th
e 

d
is

ap
p
ea

ra
n
ce
 
o
f 

th
e 

ÿo
lk
 

sa
c 

w
he

n 
th

ey
 

av
er

ag
e 

4 
mm
 
in
 
le

n
g

th
. 

W
he

n 
o
ff

er
ed
 

a 
v
ar

ie
ty
 
o
f 

n
at

u
ra

l 

p
la

n
k

to
n

ic
 

fo
od
 

th
ey
 
se

le
ct

ed
 

co
pe

po
d 

n
au

p
li

i 
an

d 
co

p
ep

o
d
it

es
 

an
d 

th
re

e 

ge
ne

ra
 
o
f 

p
h
y
to

p
la

n
k
to

n
; 

A
ct

in
o
cy

cl
u
s,
 

G
ym

no
di

ni
um

 
an

d 
C

o
sc

in
o
d
is

cu
s.

D
ur

in
g 

gr
ow

th
 

fr
om

 4
 m

m 
to
 

6 
m

m
, 

68
%
 

(b
y 

v
o

l.
) 

o
f 

th
e 

d
ie

t 
co

n
si

st
ed
 

of
 

zo
op

la
nk

to
n 

an
d 

32
%
 

p
h

y
to

p
la

n
k
to

n
. 

T
he
 

av
er

ag
e 

si
z
e 

o
f 

bo
th
 

ty
pe

s 
o
f 

fo
od

 w
as
 

60
 

um
.

T
he
 
in

it
ia

l 
m

od
el

li
ng
 
o
f 

th
e 

oc
ea

no
gr

ap
hi

c 
st

ru
c
tu

re
 
o
f 

G
eo

rg
es
 

B
ay

 

ha
s 

be
en
 

co
m

pl
et

ed
 

(M
ar

in
e 

E
co

lo
gy
 

L
ab

o
ra

to
ry

).
 

T
he
 

cl
oc

kw
is

e 
gy

re
 

in
 

G
eo

rg
es
 

B
ay
 
is
 

g
en

er
at

ed
 

by
 a

n 
al

o
n
g
sh

o
re
 
cu

rr
en

t 
ac

ro
ss
 

th
e 

m
ou

th
 

o
f 

th
e 

ba
y.
 

T
he
 
si

ze
 

an
d 

in
te

n
si

ty
 

o
f 

th
e 

gy
re
 

de
pe

nd
 

on
 

lo
w
 

va
lu

es
 

of
 

bo
tt

om
 
fr

ic
ti

o
n
 
re

la
ti

v
e
 

to
 

h
o
ri

zo
n
ta

l 
fr

ic
ti

o
n
. 

T
he
 

gy
re
 
d
ec

re
as

es
 

in
 

m
ag

ni
tu

de
 

ov
er
 t

h
e 

up
pe

r 
20
 

m
, 

an
d 

cl
o
se
 

to
 

th
e 

bo
tt

om
 

(3
0 

m
) 

th
er

e 
is
 

an
 

o
u
tf

lo
w
 
o
f 

w
at

er
 

fr
om

 
th

e 
ba

y.
 

A
ss

o
ci

at
ed
 

w
it

h 
th

e 
gy

re
 

is
 

a 
le

n
s 

o
f 

w
ar

m
 w

at
er
 

in
 

th
e 

m
id

dl
e 

o
f 

th
e 

ba
y 

th
a
t 

is
 

su
rr

ou
nd

ed
 

by
 

co
o
le

r 
w

at
er

.

T
he
 
e
ff

e
c
t 

o
f 

th
is
 
st

ru
c
tu

re
 

on
 

th
e 

ec
ol

og
y 

o
f 

th
e 

ba
y 

is
 

be
in

g 
in

v
es

ti
g
at

ed
.

In
 

th
e 

p
la

n
k

to
n
 
st

u
d
ie

s 
it
 w

as
 

fo
un

d 
th

a
t 

pe
ak

s 
in
 

ph
yt

op
la

nk
to

n 
p
ro

­

d
u

ct
io

n
 

fo
ll

ow
ed
 

by
 

in
cr

ea
se

s 
in
 

zo
op

la
nk

to
n 

bi
om

as
s 

an
d 

in
cr

ea
se

s 
of

 

o
rg

an
ic
 
se

d
im

en
ta

ti
o
n
 

o
cc

u
rr

ed
 
a
t 

4-
5 

w
ee

k 
in

te
rv

a
ls
 

be
tw

ee
n 

M
ay
 

an
d 

N
ov

em
be

r.
 

S
in

ce
 
th

es
e 

o
b
se

rv
at

io
n
s 

su
g
g
es

te
d 

th
a
t 

a 
ti

g
h

t 
co

up
li

ng
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ex
is

ts
 

be
tw

ee
n 

th
e 

su
pp

ly
 a

nd
 
u
ti

li
z
a
ti

o
n
 

o
f 

o
rg

an
ic
 m

at
te

r 
st

u
d

ie
s 

to
 

ex
am

in
e 

se
as

o
n

al
 

d
if

fe
re

n
ce

s 
in
 
p

a
rt

ic
le
 
si

ze
 
d
is

tr
ib

u
ti

o
n
 

in
 

th
e 

pl
an

kt
on

 

in
 
re

la
ti

o
n
 

to
 
la

rv
al
 

fi
sh

 w
er

e 
co

nt
in

ue
d 

an
d 

ex
pa

nd
ed

.

S
tu

d
ie

s 
on
 

pr
im

ar
y 

p
ro

d
u
ct

iv
it

y
, 

ph
yt

op
la

nk
to

n 
gr

ow
th
 
ra

te
s,
 
e
ff

ec
ts

 

o
f 

cr
ud

e 
o

il
s 

an
d 

he
av

y 
m

et
al

s 
on
 

p
la

n
t 

st
o

ck
s 

an
d 

p
o
p
u
la

ti
o
n
 

dy
na

m
ic

s 
o
f 

p
la

n
ts
 

w
er

e 
ca

rr
ie

d
 o

u
t 

(A
rc

ti
c 

S
ta

ti
o

n
, 

S
t.
 

A
nn

e 
de
 B

el
le

v
u
e)

. 
T

he
 

se
co

nd
 y

ea
r 

o
f 

a 
3
-y

ea
r 

b
ac

te
ri

o
lo

g
y
 
p
ro

je
ct
 w

as
 

co
m

pl
et

ed
 

in
 

D
av

is
 
S

tr
a
it

 

an
d 

B
af

fi
n
 B

ay
. 

B
ac

te
ri

al
 

h
et

er
o
tr

o
p
h
ic
 
a
c
ti

v
it

y
 w

as
 

m
ea

su
re

d.
 

T
he

 

se
as

o
n

al
 

ca
p
ac

it
y
 
o
f 

b
ac

te
ri

a 
in
 

n
at

u
ra

l 
w

at
er

s 
to
 m

in
er

al
iz

e 
cr

ud
e 

o
il

s 

w
as
 

in
v

es
ti

g
at

ed
, 

al
on

g 
w

it
h 

th
e 

e
ff

ec
ts
 

o
f 

d
is

p
er

sa
n
ts
 

an
d 

n
u

tr
ie

n
t 

su
pp

le
m

en
ts
 

on
 
th

is
 
a
c
ti

v
it

y
. 

S
tu

d
ie

s 
on
 

th
e 

bi
oc

he
m

ic
al
 

co
m

po
si

ti
on
 
o
f 

m
aj

or
 m

ac
ro

zo
op

la
nk

to
n 

w
er

e 
be

gu
n.
 

A 
on

e-
se

as
on
 
b
io

lo
g
ic

al
 

su
rv

ey
 

o
f 

a 

sm
al

l 
ha

rb
ou

r 
on
 

th
e 

D
av

is
 
S

tr
a
it
 

sh
o

re
 
o
f 

B
af

fi
n
 

Is
la

n
d
 w

as
 

ca
rr

ie
d
 
o
u
t 

in
 

re
sp

on
se
 

to
 

an
ti

ci
p
at

ed
 
o
il
 

d
ri

ll
in

g
 
a
c
ti

v
it

ie
s.

P
u
b
li

sh
ed

 w
or

k 
d
u
ri

n
g
¡t

h
e 

y
ea

r 
w

as
 

co
nc

er
ne

d 
w

it
h 

e
ff

ec
ts
 

o
f 

o
il
 

an
d 

d
is

p
er

sa
n
ts
 

o
f 

b
en

th
ic
 
in

v
e
rt

eb
ra

te
s,
 

se
as

o
n
al
 

bi
oc

he
m

ic
al
 

cy
cl

es
 

in
 

a 

b
en

th
ic
 

am
ph

ip
od

, 
pr

im
ar

y 
p
ro

d
u
ct

io
n
 

in
 

an
 A

rc
ti

c 
ba

y,
 

b
ac

te
ri

al
 

a
c
ti

v
it

y
 

in
 

D
av

is
 
S

tr
a
it

, 
se

a 
ic

e 
m

ic
ro

al
g

ae
 

fr
om

 
th

re
e 

A
rc

ti
c 

lo
c
a
li

ti
e
s,
 

an
d 

n
ea

r-
sh

o
re
 

zo
ob

en
th

os
. 

R
ep

ri
n
ts
 

ar
e 

av
ai

la
b
le
 

on
 

re
q

u
es

t.

A
n 

in
te

rn
at

io
n

al
 

p
ro

je
ct
 

on
 

th
e 

F
le

m
is

h 
C

ap
 
in

it
ia

te
d
 

by
 

IC
N

A
F,
 

an
d 

co
n
ti

n
u
in

g
 

un
de

r 
N

A
FO

.is
 

in
v

es
ti

g
at

in
g
 

ca
us

es
 

o
f 

th
e 

ob
se

rv
ed

 w
id

e 

fl
u
ct

u
at

io
n
s 

in
 y

ea
r-

cl
as

s 
st

re
n
g
th

s 
o
f 

co
d 

an
d 

re
d

fi
sh
 

on
 

th
e 

F
le

m
is

h 
C

ap
. 

V
er

y 
in

te
n
si

v
e 

b
io

lo
g
ic

al
 

an
d 

oc
ea

no
gr

ap
hi

c 
o
b
se

rv
at

io
n
s 

w
er

e 
m

ad
e 

in
 

19
79

 

th
ro

ug
h 

th
e 

us
e 

o
f 

re
se

ar
ch
 

v
es

se
ls

, 
m

oo
re

d 
cu

rr
en

t 
m

et
er

s 
an

d 
s
a
te

ll
it

e
 

tr
ac

k
ed
 

bu
oy

s.
 

R
es

u
lt

s 
ar

e 
re

p
o
rt

ed
 
to
 

NA
FO

.
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W
it

hi
n 

th
e 

fr
am

ew
or

k 
o
f 

a 
m

aj
or
 
p
el

ag
ic
 

pr
og

ra
m
 

in
 

th
e 

S
t.
 

L
aw

re
nc

e 

E
st

u
ar

y 
(G

IR
O

Q
, 

Q
ue

be
c)
 

m
an

y 
p

ro
je

ct
s 

ha
ve
 
re

ce
n

tl
y
 

co
m

e 
to
 

a 
co

n
cl

u
si

o
n
.

T
he
 
an

al
y

si
s 

o
f 

p
h
y
si

ca
l 

d
at

a 
de

m
on

st
ra

te
d 

th
e 

lo
w
 
co

n
tr

ib
u
ti

o
n
 
o
f 

th
e 

hi
gh
 

fr
eq

ue
nc

y 
fl

u
ct

u
at

io
n
s 

to
 

th
e 

to
ta

l 
en

er
gy
 
o
f 

th
e 

ou
tf

lo
w
 

in
 

th
e 

M
id

dl
e 

E
st

u
ar

y
. 

T
he
 
in

v
es

ti
g
at

io
n
s 

on
 

pr
im

ar
y 

p
ro

d
u
ct

io
n 

ha
ve
 

p
o
in

te
d 

o
u
t 

an
 

en
do

ge
no

us
 

ci
rc

ad
ia

n
 

rh
yt

hm
 

in
 

th
e 

p
h
o
to

sy
n
th

et
ic
 

ca
p

ac
it

y
 

of
 

p
h
y
to

p
la

n
k
to

n
, 

an
d 

o
th

er
 

en
do

ge
no

us
 

cy
cl

es
 

w
it

h 
a 

p
er

io
d

ic
it

y
 

cl
o
se
 

to
 

th
a
t 

o
f 

th
e 

ti
d
e
s.
 

T
he
 
e
ff

e
c
t 

o
f 

th
e 

2-
w

ee
k 

ti
d
e 

co
m

po
ne

nt
 

on
 

th
e 

fa
ct

o
rs

 

co
n

tr
o

ll
in

g
 

th
e 

ch
lo

ro
p

h
y

ll
 

d
is

tr
ib

u
ti

o
n
 

an
d 

th
e 

g
ra

d
ie

n
t 

o
f 

pl
an

kt
on

 

di
at

om
s 

in
 
th

e 
M

id
dl

e 
E

st
u

ar
y
 

ha
s 

ai
so
 

be
en
 

d
em

o
ns

tr
at

ed
. 

It
 w

as
 

ai
so

 

es
ta

b
li

sh
ed
 
th

a
t 

th
e 

e
ff

e
c
t 

o
f 

th
e 

se
m

i 
d
iu

rn
al
 

co
m

po
ne

nt
 
o
f 

th
e 

ti
d
e 

on
 

th
e 

v
e
rt

ic
al
 
st

a
b
il

it
y
 

o
f 

th
e 

w
at

er
 

co
lu

m
n 

ca
n 

be
 

an
 

im
p
o
rt

an
t 

fa
ct

o
r 

in
fl

u
en

ci
n
g
 

sh
o
rt
 t

er
m
 
v
a
ri

a
b

il
it

y
 

in
 
d
is

tr
ib

u
ti

o
n
 

an
d 

in
 

p
h
o
to

sy
n
th

et
ic

 

ca
p
ac

it
y
 o

f 
p
h
y
to

p
la

n
k
to

n
ic
 

or
ga

ni
sm

s 
in
 

th
e 

L
ow

er
 
E

st
u

ar
y

.

A
s 

fa
r 

as
 

zo
op

la
nk

to
n 

is
 

co
nc

er
ne

d,
 

a 
li

n
e
a
r 

m
at

he
m

at
ic

aT
 m

od
el
 

ha
s 

be
en

 

de
ve

lo
pe

d 
th

a
t 

ca
n 

ta
k

e 
in

to
 

ac
co

un
t 

th
e 

v
a
ri

a
b

il
it

y
 

g
en

er
at

ed
 b

y 
th

e 
p
as

si
v
e 

ad
v

ec
ti

o
n
 
o
f 

th
e 

lo
n
g
it

u
d
in

al
 

g
ra

d
ie

n
ts
 

o
f 

zo
op

la
nk

to
n 

in
 
th

e 
M

id
dl

e 
E

st
u
ar

y
. 

Tw
o 

o
th

er
 s

tu
d

ie
s 

ha
ve
 

ai
so
 

co
m

e 
to
 

an
 

en
d,
 

on
e 

o
f 

w
hi

ch
 

an
al

y
se

s 
th

e 

in
cr

ea
si

n
g
 

v
ar

ia
n
ce
 
o
f 

zo
o

p
la

n
k

to
n

ic
 

co
m

po
ne

nt
s 

in
 
re

la
ti

o
n
 w

it
h 

th
e 

te
m

po
ra

l 
ex

te
n

si
o

n
 
o
f 

sa
m

p
li

n
g
, 

w
h
il

e 
th

e 
o

th
er
 e

st
im

at
es

, 
in
 

th
e 

M
id

dl
e 

E
st

u
ar

y
, 

th
e 

zo
op

la
nk

to
n 

ex
ch

an
ge
 

be
tw

ee
n 

tw
o 

b
as

in
s 

p
a
rt

ia
ll

y
 

is
o
la

te
d
 

by
 

a 
fc

he
lf

. 
F
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de

s 
en
 m

il
ie

u
 e

x
p
ér
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m
en

ta
l.
 

D
if

fé
re

n
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at
io

n
 
h
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to
lo

g
iq

u
e 

(u
lt

ra
st

ru
ct

u
re

) 
e
t 

h
is

to
ch

im
iq

u
e 

de
s 

d
iv

er
­

se
s 
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té

g
o
ri

es
 
c
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ll

u
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ir
e
s 

du
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d
ig

e
st
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1
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S
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ti
o
n
 m

ar
in

e 
d

1E
nd

ou
m

e 
e
t 

C
en

tr
e 

d'
O

cé
an

og
ra

ph
ie

E
tu

de
 

de
 
la
 p

ro
d
u
ct

io
n
 p

ri
m

ai
re
 
p
él

ag
iq

u
e 

da
ns
 
le

s 
zo

ne
s 

d
'e

n
ri

c
h
is

­

se
m

en
t 

(s
ec

te
u

rs
 

d
'u

p
w

el
li

n
g
 c

ô
ti

e
r,
 

a
ir

e
s 

de
 d

iv
er

g
en

ce
, 

zo
ne

s 
so

um
is

es
 

à 

ap
p
o
rt

s 
te

rr
ig

èn
es

) 
; 

ap
pr

oc
he
 

th
éo

ri
q
u
e 

p
ar
 m

o
d

él
is

at
io

n
. 

E
tu

de
 

de
 
l'
a
ss

im
il

a
­

ti
o

n
 

de
 

co
m

po
sé

s 
az

o
té

s.
 

E
co

lo
gi

e 
g
én

ér
al

e 
du
 m

ic
ro

p
la

n
ct

o
n
. 

E
tu

de
 

de
s 

p
o
te

n
ti

a­

li
té

s 
p

h
o

to
h

ét
ér

o
tr

o
p

h
es
 

de
s 

al
g
u
es
 
u
n
ic

e
ll

u
la

ir
e
s.
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po
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an
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la
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at
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or
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d
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so
u
te
 

co
m
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e 

so
u
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d
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zo
te
 p

ou
r 

le
s 

al
g
u
es
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ar

in
es
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D

yn
am

iq
ue
 

du
 

sy
st

èm
e 

p
ro

d
u

ct
io

n
-r

ég
én

ér
at

io
n
 
e
t 

ra
p

p
o

rt
s 

av
ec
 
le

s 
ph

én
om

èn
es
 
h
y
d
ro

lo
g
iq

u
es

. 

E
tu

de
 

de
s 

m
o
d
if

ic
at

io
n
s 

p
ar
 p

o
ll

u
ti

o
n
. 

E
tu

de
 d

e 
l'
a
c
ti

v
it

é
 

de
s 

m
ic

ro
or

ga
ni

sm
es

 

da
ns
 

le
s 

ea
ux
 c

ô
ti

è
re

s 
e
t 

la
g

u
n
ai

re
s,
 

n
a
tu

re
ll

e
s 

ou
 p

er
tu

rb
ée

s 
(e

xp
ér

im
en

ta
­

ti
o

n
s 

in
 s

it
u
 o

u 
in
 v

it
ro
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u
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 p

ro
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io
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u
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it
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ét
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ol

is
m

e,
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ét
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n
, 
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s­
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s 
d

'é
n

er
g
ie
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o
is

sa
n
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e
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ro

d
u
ct

io
n
) 

ch
ez
 
le
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s.
 

R
ép
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o
n
 
e
t 

m
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is
m
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de
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lo
g
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st
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 p
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u

­
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e
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p
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si
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 p
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p
la
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e
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du
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n
ct

o
n
 

en
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il
ie
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 p

er
tu

rb
é.
 

S
tr

u
ct

u
re
 
e
t 
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it
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n
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s 
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in
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 p

la
n
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to
n
iq

u
es
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tr

u
ct

u
re
 
e
t 

év
o
lu

ti
o
n
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te
m
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e
t 
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e)
 

de
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le
m

en
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b
en

th
iq

u
es
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tt
o
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u
x
 e

t 
c
ir
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a
li
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ra
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 i
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d

u
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ta
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o 

e
t 
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it
ro

) 
de
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p
ro
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u
s 

b
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lo
g
i­
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e
t 

p
h

y
si

o
lo

g
iq

u
es
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n

d
u

is
an

t 
au
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d
és

éq
u
il

ib
re

s 
de

s 
co

m
m

un
au

té
s 

n
a
tu

re
ll

e
s.

 

E
co

lo
gi

e 
de
 
la
 

fa
un

e 
v
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il
e.
 

C
o
n
st

ru
ct

io
n
s 
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og

èn
es
 

en
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ne
 p

h
o

to
p

h
il

e.
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iè
s 

à 
h

y
d

ro
id

es
. 

D
is

tr
ib

u
ti

o
n
 
e
t 

éc
o
lo

g
ie
 

de
s 

b
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o
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ai
re

s.
 

B
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gé
o
g
ra

p
h
ie

, 
cr

o
is

sa
n
ce

 

e
t 

fo
ss

il
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ti

o
n
 d

es
 m

ad
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p
o
ra

ir
es

.

S
ys

té
m

at
iq

ue
 
e
t 

éc
o

lo
g

ie
 d

e 
d
iv

er
se
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n
n
él
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es
 p

o
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es
 

; 
éc

op
hy

- 
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o
lo

g
ie
 d
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o
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o

d
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 s

y
st

ém
at

iq
u
e,
 

éc
o
lo

g
ie
 
e
t 

b
io

g
éo

g
ra

p
h
ie
 d

es
 p

y
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o
g
o
n
id

es
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S
y

st
ém

at
iq

u
e 

de
s 
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cl

os
to

m
es
 

; 
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st
ém

at
iq

u
e 

év
o
lu

ti
v
e 

de
s 

sp
o
n
g
ia

ir
es

, 
b

ra
ch

io
- 

po
de

s 
e
t 

p
h
o
ro

n
id

ie
n
s.
 

S
y
st

ém
at

iq
u
e,
 

éc
o
lo

g
ie

, 
b

io
ér

o
si

o
n
 d

es
 

cy
an

op
hy

cé
es
 

en
- 

d
o
li

th
e
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E
co

ph
y
si

o
lo

g
ie
 
e
t 

cy
cl

e 
v
it

a
l 

de
s 

m
ol

lu
sq

ue
s 

d
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n
té
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er

ci
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E
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lo
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du

 m
éi
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th
os
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e
t 

de
s 
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pé
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de

s 
h

ar
p
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ti
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D
is

tr
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u
ti

o
n

, 

al
im

en
ta

ti
o
n
 e

t 
ét

h
o

lo
g

ie
 

de
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dé
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de
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du
 g

o
lf

e 
de
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co
gn

e.

E
co

p
h
y
si

o
lo

g
ie
 
e
t 

m
éc

an
is

m
es
 
d

'a
d

ap
ta

ti
o

n
 d

es
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u
st

ac
és
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ot
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m

en
t 

d
éc

ap
o

d
es
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m
o
d
if

ic
at

io
n
 d

es
 

sy
st

èm
es
 

en
zy

m
at

iq
u

es
. 

Ic
h
th

y
o
p
la

n
ct

o
n
 

: 
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a­

ti
q
u
e,
 

éc
o
lo

g
ie
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éc

o
p
h
y
si

o
lo

g
ie
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d

ap
ta

ti
o

n
s 

en
zy

m
at

iq
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ry
th

m
es
 

al
im

en
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é
q
u
il
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h
y
d
ro

m
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ér
al
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g
u

la
ti

o
n
 e

n
d
o
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in
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io
lo

g
ie
 

de
s 
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es
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ad
es
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ug

il
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és
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ro
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n
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im
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ta
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o
n
, 

en
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es
 
d
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e
st
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u

ti
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o
n
 d
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e
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.
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en
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en
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es
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F

on
ct

io
nn
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n
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 p
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a
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o
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u
x
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R

el
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io
n
s 

p
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ie
s-
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eu
rs
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se
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du
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ro

be
nt
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a
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at
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n
s 

b
en

th
o
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p

el
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o
s,
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ro
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en
- 

th
o
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m
éi

o
b
en
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o
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m
ac

ro
be
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ho

s 
- 

m
éi

ob
en

th
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e
t 

m
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ro
be
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m

ég
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en
th

os
 
v

ag
il

e.

D
is

tr
ib

u
ti

o
n
 
e
t 

év
o
lu

ti
o
n
 

de
s 

co
n
st

it
u
an

ts
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hi
m

iq
ue

s 
da

ns
 
l'
e
a
u

 

e
t 

le
s 

sé
di

m
en

ts
 

m
ar

in
s 

en
 
re

la
ti

o
n
 

av
ec
 
l'
a
c
ti

v
it

é
 

b
io

lo
g
iq

u
e.
 

A
ct

iv
it

és
 

m
ét

a­

b
o
li

q
u
es
 

à 
l'
in

te
rf

a
c
e
 

ea
u
-s

éd
im

en
t,
 

rô
le
 

de
 
la
 m

éi
of

au
n

e.
 

M
éc

an
is

m
es
 

de
 

d
ég

ra
­

d
at

io
n
s 

de
s 

pi
gm

en
ts
 
p
h
o
to

sy
n
th

ét
iq

u
es
 

da
ns
 
l'
e
a
u
 e

t 
le

s 
sé

d
im

en
ts

.
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U

N
IV

ER
SI

TE
 

DE
 B
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X
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it
u
t 

U
n
iv

er
si

ta
ir

e 
de
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B

io
lo

gi
e_

M
ar

 in
e_

,_
S 

tia
 tù

on
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 lo
lo

 g
iq

ue
_,

d 
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 re
a 

et
ho

n

E
co

lo
gi

e 
de

s 
m

il
ie

u
x
 l

it
to

ra
u
x
 

m
ar

in
s 

e
t 

la
g

u
n

ai
re

s,
 

p
ri

n
ci

p
al

em
en

t 

l'
éc

h
el

o
n
 b

en
th

iq
u

e.
 

M
éc

an
is

m
es

-d
e 

p
ro

d
u
ct

io
n
 

: 
re

cr
u
te

m
en

t 
e
t 

ét
ab

li
ss

em
en

t 

de
s 

o
rg

an
is

m
es

, 
tr

an
sf

o
rm

at
io

n
s 

én
er

g
ét

iq
u
es
 

de
 

la
 m

at
iè

re
 

or
ga

ni
qu

e 
au
 n

iv
ea

u
 

de
 
l'
in

te
rf

a
c
e
 

ea
u
-s

éd
im

en
t. 

E
co

p
h

y
si

o
lo

g
ie
 
e
t 

ad
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ta
ti

o
n
 

de
s 

o
rg

an
is

m
es

.

E
tu

de
 

de
 
la
 p

la
te

fo
rm

e 
li

tt
o
ra

le
 

su
d-

G
as

co
gn

e 
: 

su
p
ra

-b
en

th
o
s 

(c
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s­

ti
tu

ti
o
n
, 

st
ru

c
tu

re
 

dé
m

og
ra

ph
iq

ue
 
e
t 

p
ro

d
u
ct

io
n
),
 

m
ol

lu
sq

ue
s 

la
m

el
li

b
ra

n
ch

es
 

(d
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am
iq

ue
 

de
s 

p
o

p
u

la
ti

o
n

s,
 

st
ru

c
tu

re
 

de
s 

p
eu

p
le

m
en

ts
),
 

m
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ob
en

th
os
 
te

m
p
o
ra

ir
e 

(s
tr

u
ct

u
re
 
e
t 

rô
le
 

da
ns
 

la
 p

ro
d

u
ct

iv
it

é 
de
 

l'é
co

sy
st

èm
e 

li
tt

o
ra

l)
.

E
st

u
ai

re
 

de
 
la
 

G
ir

on
de
 

(g
o
lf

e 
de
 

G
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co
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e)
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p
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n
ct

o
n
, 

fa
un

e 
v
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il

e,
 

m
ac

ro
fa

un
e 

se
ss

il
e
 
e
t 

en
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gé
e.

D
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iq

ue
 

de
s 

p
o
p
u
la

ti
o
n
s,
 

in
te

ra
c
ti

o
n

s 
tr

o
p
h
iq

u
es
 

(d
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to
m

ée
s,

 

m
ac

ro
ph

yt
es

, 
b
a
c
té

ri
e
s,
 

p
la

n
ct

o
n

, 
m

éi
of

au
ne

, 
m

ac
ro

fa
un

e 
in

v
er

té
b

ré
e,
 

p
o

is
so

n
s)

. 

M
ét

ab
ol

is
m

e,
 

fl
u
x
 d

'é
n

e
rg

ie
. 

P
h
y
si

o
lo

g
ie
 

co
m

pa
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ic
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fl
o
re
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m

éi
of

au
ne
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p
o
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­

so
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il
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e
t 

a
d

u
lt

e
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de
 

ch
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iq
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s 
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ne
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d
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se
m

en
t 
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ec

te
u
rs
 

d
'u

p
w

el
- 

li
n

g
 

c
ô
ti

e
r 

e
t 

zo
ne

s 
de
 d

iv
er

g
en

ce
) 

e
t 

de
s 

m
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se
s 

d
'e

au
x
 s

u
p
e
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ic
ie
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e
s 

(e
t 

pr
ob
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m
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 d
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el

op
pe
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en
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p

h
y

to
p

la
n
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n
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u
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E

v
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at
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c
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en
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 p
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 c
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h
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fe

r­

ti
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v
e
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s 
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n
d
s.
 

E
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im
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n
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 p
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d
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 p
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p
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p
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p
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ra
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 d
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b
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 p
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e 
e
t 

de
 
la
 
te

m
p
ér

at
u

re
. 

E
tu

de
 

ex
p
ér

im
en

ta
le
 

de
 

l'
a
c
ti

o
n
 

de
 
la
 

lu
m

iè
re
 
e
t 

de
 
la
 p

h
o

to
p

ér
io

d
e 

su
r 

la
 c

ro
is

sa
n
ce
 

de
 

je
u
n
es
 
tu

r­

b
o
ts
 

(P
se

tt
a
 m

ax
im

a)
 

e
t 

so
le

s.

E
tu

de
 

de
 
la
 n

u
tr

it
io

n
 m

in
ér

al
e 

de
s 

al
g
u
es

. 
D

is
tr

ib
u

ti
o

n
 

de
s 

él
ém

en
ts

 

m
in

ér
au

x 
en
 

fo
n

ct
io

n
 

du
 m

ét
ab

ol
is

m
e 

de
s 

ti
ss

u
s 

e
t 

de
s 

io
n

s 
; 

éc
ha

ng
es
 

io
n

iq
u
es

 

en
tr

e 
A

sc
op

hy
ll

um
 n

od
os

um
 e

t 
P

o
ly

si
p
h
o
n
ia
 

la
n
o
sa

.

1
.4

. 
U

N
IV

ER
SI

TE
 

DE
 C

AE
N

1
.4

.1
. 

L
ab

or
a 
to

 ir
e_

 d
 ' 

al
go

lo
gi

e^
 f

o 
nd

 am
en

 L
ai

e _
e t

_ 
ap

pl
iq

ué
e^

In
v

en
ta

ir
e 

du
 p

h
y

to
p

la
n

ct
o

n
 e

t 
du
 m

ic
ro

ph
yt

ob
en

th
os
 

de
 
l'
e
st

u
a
ir

e
 

e
t 

de
 
la
 b

ai
e 

de
 
S

ei
n

e.
 

E
tu

de
 

du
 m

ac
ro

ph
yt

ob
en

th
os
 

da
ns
 
la
 b

ai
e 

de
s 

V
ey

s 
e
t 

da
ns
 
l'
e
st

u
a
ir

e
 

de
 
la
 

S
ei

ne
 

(s
ec

te
u

r 
de
 
la
 M

an
ch

e)
.

E
v

al
u

at
io

n
 

de
s 

st
o
ck

s 
e
t 

ca
rt

o
g

ra
p

h
ie
 

de
 

L
am

in
ar

ia
 d

ig
it

a
ta
 e

t 

L.
 

h
y

p
er

b
o
re

a 
de
 
la
 

cô
te
 

no
rm

an
de
 

(s
ec

te
u

r 
de
 

M
an

ch
e)
 

; 
dy

na
m

iq
ue
 

de
s 

p
o
p
u
la

­

ti
o
n
s 

.
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E
tu

de
 b

io
sy

st
ém

at
iq

u
e 

de
s 

C
hr

ys
op

hy
cé

es
 
e
t 

de
s 

P
ry

m
né

si
op

hy
cé

es
 

(a
ve

c 
cu

lt
u
re

s 
e
t 

ex
am

en
 

au
 m

ic
ro

sc
op

e 
él

ec
tr

o
n

iq
u

e 
à 

b
al

ay
ag

e)
.

R
ec

he
rc

he
s 

su
r 

1
'é

co
p
h
y
si

o
lo

g
ie
 

de
s 

la
m

in
ai

re
s 

(d
yn

am
iq

ue
 

de
s 

p
o
p
u
la

ti
o
n
s,
 

cr
o
is

sa
n
ce

, 
fa

ct
eu

rs
 

de
 

re
p
ro

d
u
ct

io
n
, 

h
y

b
ri

d
at

io
n

s 
in

te
r-

sp
é
c
if

i­

q
u

es
, 

p
ar

th
én

o
g
én

ès
e)

 .

1
.4

.2
. 

L
ab

or
at

oi
re

^ 
m

ar
it

im
e^

 L
u£

-s
u£

-M
e£

B
io

lo
g
ie
 
e
t 

éc
o
lo

g
ie
 

de
s 

m
ol

lu
sq

ue
s 

e
t 

de
s 

cr
u

st
ac

és
, 

as
p
ec

ts
 

fo
n­

da
m

en
ta

ux
 e

t 
ap

p
li

q
u

és
.

M
éc

an
is

m
es
 
d
'a

c
ti

o
n

s 
de

s 
fa

ct
eu

rs
 

éc
o
lo

g
iq

u
es
 

su
r 

le
 

co
n
tr

ô
le
 

de
 
la

 

d
if

fé
re

n
c
ia

ti
o
n
 
e
t 

de
 
la
 p

h
y
si

o
lo

g
ie
 

se
x

u
el

le
s 

de
s 

g
as

té
ro

p
o

d
es

. 
E

tu
de
 

éc
op

hy
- 

si
o
lo

g
iq

u
e 

de
s 

cy
cl

es
 

an
n

u
el

s 
de
 

re
p
ro

d
u
ct

io
n
 

de
s 

la
m

el
li

b
ra

n
ch

es
, 

no
ta

m
m

en
t 

rô
le
 

de
 
la
 
te

m
p
ér

at
u
re

.

A
na

ly
se
 

de
s 

fa
ct

eu
rs
 
éc

o
lo

g
iq

u
es
 

b
io

cé
n
o
ti

q
u
es

 e
t 

dy
na

m
iq

ue
 

de
s 

p
eu

­

pl
em

en
ts
 

de
 
cr

u
st

ac
és
 

da
ns
 
le

s 
m

il
ie

u
x
 
la

g
u
n
ai

re
s 

e
t 

li
tt

o
ra

u
x
. 

B
io

gé
og

ra
ph

ie
 

e
t 

ré
p
a
rt

it
io

n
 

de
s 

is
o
p
o
d
es

. 
R

ec
he

rc
he

s 
su

r 
la
 
g

én
ét

iq
u

e,
 

le
 

po
ly

m
or

ph
is

m
e 

e
t 

la
 
sp

éc
ia

ti
o

n
 

du
 

cr
u
st

ac
é 

is
op

od
e 

Ja
er

a 
a
lb

if
ro

n
s.

E
v

al
u
at

io
n
 

de
 

l'
im

p
ac

t 
éc

o
lo

g
iq

u
e 

d'
am

én
ag

em
en

ts
 
li

tt
o
ra

u
x
.

1
.5

. 
U

N
IV

ER
SI

TE
 

DE
S 

SC
IE

N
C

ES
 

ET
 T

EC
H

N
IQ

U
ES
 

DE
 L

IL
LE

In
st

£
tu

t_
d
e 

M
ol

og
ie

_M
£r

it
im

e 
et

_
R

ég
io

n
al

e,
 W

im
en

:e
ux

D
es

cr
ip

ti
o

n
 

du
 p

h
y
to

p
la

n
ct

o
n 

e
t 

an
al

y
se
 

de
 
la
 p

ro
d

u
ct

iv
it

é 
p

ri
m

ai
re

 

p
él

ag
iq

u
e 

du
 
li

tt
o
ra

l 
de
 
la
 

M
er
 d

u 
N

or
d 

e
t 

de
 

la
 

M
an

ch
e 

o
ri

e
n

ta
le

. 
S

ys
té

m
at

iq
ue

, 

éc
o
p
h
y
si

o
lo

g
ie
 
e
t 

p
ro

d
u

ct
iv

it
é 

se
co

n
d

ai
re
 

de
s 

in
v
er

té
b
ré

s 
b
en

th
iq

u
es
 

du
 
li

tt
o
ra

l 

de
 
la
 

M
an

ch
e 

e
t 

de
 
la
 

M
er
 d

u 
N

or
d.

P
ro

d
u
ct

iv
it

é 
se

co
n
d
ai

re
 

de
s 

co
pé

po
de

s 
d
'u

n
 

éc
os

ys
tè

m
e 

se
m

i-
fe

rm
é 

(b
as

si
n
 
p
o
rt

u
ai

re
 

de
 

D
un

ke
rq

ue
 

da
ns
 

le
 

su
d 

de
 
la
 

M
er
 

du
 N

or
d)
 .
 

S
u
iv

i 
éc

o
lo

g
iq

u
e 

du
 s

it
e
 
li

tt
o
ra

l 
de
 

G
ra

v
el

in
es
 

(s
ud
 

M
er
 

du
 N

or
d)
 

: 
p
h
y
to

p
la

n
ct

o
n
 
e
t 

p
ro

d
u
ct

io
n

 

p
ri

m
ai

re
, 

zo
o
p
la

n
ct

o
n
, 

b
ac

té
ri

o
p
la

n
ct

o
n

. 
E

v
o
lu

ti
o
n
 

de
 
la
 

bi
oc

én
os

e 
b
en

th
iq

u
e.

 

D
yn

am
iq

ue
 

de
s 

p
o
p
u
la

ti
o
n
s 

d
'A

br
a 

al
b

a.
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E
ss

ai
s 

de
 
cu

lt
u

re
s 

d
'a

lg
u
es
 

en
 
la

b
o
ra

to
ir

e 
p

u
is
 

en
 
b

as
si

n
s 

p
il

o
te

s 

{
G

ra
ci

la
ri

a,
 

C
ho

nd
ru

s 
e
t 

G
ig

ar
ti

n
a)
 

S
el

on
 
d
if

fé
re

n
te

s 
te

ch
n
iq

u
es
 
c
u

lt
u

ra
le

s.

1
.6

. 
U

N
IV

ER
SI

TE
 

DE
S 

SC
IE

N
CE

S 
ET
 T

EC
H

N
IQ

U
ES
 

DU
 L

AN
GU

ED
OC

, 
M

O
N

TP
EL

LI
ER

L
ab

o
ra

to
ir

e 
d
'H

yd
ro

bi
ol

og
ie

^ 
m

ar
in

e

E
tu

de
 

de
 
la
 

fa
un

e 
b

en
th

iq
u

e 
de

s 
m

il
ie

u
x
 
la

g
u
n
ai

re
s 

(l
it

to
ra

l 
m

éd
i­

te
rr

an
ée

n
) 

; 
st

ru
c
tu

re
 

de
s 

p
eu

p
le

m
en

ts
.

B
ac

té
ri

o
lo

g
ie
 

en
 m

il
ie

u
 l

it
to

ra
l 

n
at

u
re

l 
e
t 

p
er

tu
rb

é.
 

E
co

lo
gi

e

b
ac

té
ri

en
n
e.

1
.7

. 
U

N
IV

ER
SI

TE
 

DE
 

NA
NT

ES

In
st

it
u

t_
d

e_
s_

S
ci

en
ce

£
 d

e_
la

. 
n
at

u
re

^
 t

o
to

ra
 to

 i_
re

_ 
de

_b
io

lo
gi

e_
 m

ar
in

e

E
tu

de
 

de
 
la
 

fa
un

e 
de

s 
m

il
ie

u
x
 m

ar
in

s 
e
t 

sa
um

ât
re

s 
de
 
l'
e
st

u
a
ir

e
 

de
 
la
 

L
oi

re
 

(n
or

d 
du
 
g
o
lf

e 
de
 

G
as

co
gn

e)
 

e
t 

du
 l

it
to

ra
l 

p
ro

ch
e.

S
el

s 
n

u
tr

it
if

s,
 

p
h
y
to

p
la

n
ct

o
n 

e
t 

m
ic

ro
ph

yt
ob

en
th

os
 

de
s 

ea
ux
 
li

tt
o

­

ra
le

s 
de
 
la
 
b
ai

e 
de
 

B
ou

rg
ne

uf
 

: 
ét

u
d

e 
de

s 
su

cc
es

si
o
n
s 

de
 
p
o
p
u
la

ti
o
n
s,
 

de
 
la

 

p
ro

d
u

ct
io

n
 

de
s 

al
g
u
es
 
u
n
ic

e
ll

u
la

ir
e
s,
 

du
 r

en
de

m
en

t 
de
 
l'
u
ti

li
s
a
ti

o
n
 

de
s 

él
ém

en
ts

 

bi
og

èn
es
 
e
t 

le
u
r 

fe
rt

il
it

é
 p

o
te

n
ti

e
ll

e
 

; 
e
ss

a
is
 
d
'a

m
él

io
ra

ti
o
n
 

de
 
la
 p

ro
d
u
ct

io
n

 

de
s 

ea
ux
 d

e 
c
la

ir
e
s 

à 
h
u
ît

re
s.

D
yn

am
iq

ue
 

de
 p

o
p
u
la

ti
o

n
s 

d
'H

er
m

el
le

s 
en
 b

ai
e 

de
 

B
ou

rg
ne

uf
, 

de
 

cr
u

st
ac

és
 
e
t 

de
 p

o
is

so
n

s 
da

ns
 
l'
e
st

u
a
ir

e
 

de
 
la
 
L

o
ir

e.
 

S
tr

u
ct

u
re
 

de
s 

ré
se

au
x 

al
im

en
ta

ir
es
 
e
t 

pe
up

le
m

en
ts
 

as
so

ci
és

.

E
tu

de
 b

io
gé

oc
hi

m
iq

ue
 

du
 t

ra
n

sf
e
rt
 d

es
 m

ét
au

x 
da

ns
 
le

s 
ré

se
au

x 

a
li

m
e
n
ta

ir
e
s.

1
.8

. 
U

N
IV

ER
SI

TE
 P

IE
R

R
E 

ET
 

M
AR

IE
 

C
U

R
IE

, 
PA

R
IS

 

1
.8

.1
. 

L
ab

or
at

oi
re

^ 
A

r a
go

_,
_B

an
yu

to
j-

su
r-

_M
er

P
ro

d
u

ct
io

n
 p

ri
m

ai
re
 
e
t 

se
co

n
d

ai
re
 p

la
n

ct
o

n
iq

u
e 

en
 m

er
 
o
li

g
o
tr

o
p
h
e 

e
t 

eu
tr

o
p
h

e 
(a

ir
e 

de
 

d
iv

er
g
en

ce
 
e
t 

u
p
w

el
li

n
g
).
 

E
tu

de
 

ex
p
ér

im
en

ta
le
 

de
 
la
 
ci

n
é­

ti
q
u
e 

de
s 

él
ém

en
ts
 
n

u
tr

it
if

s 
ch

ez
 
le
 p

h
y
to

p
la

n
ct

o
n
. 

R
ôl

e 
de

s 
co

pé
po

de
s 

p
é
la

g
i­

qu
es
 

da
ns
 
le

s 
tr

a
n
sf

e
rt

s 
d
'é

n
er

g
ie
 
en

tr
e 

p
h

y
to

p
la

n
ct

o
n
 e

t 
éc

h
el

o
n 

te
rt

ia
ir

e
.
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R
el

at
io

n
s 

m
il

ie
u
 p

él
ag

iq
u
e-

m
il

ie
u
 b

en
th

iq
u
e.
 

R
el

at
io

n
s 

m
at

iè
re

 

o
rg

an
iq

u
e-

m
éi

o
b
en

th
o
s,
 

p
re

d
at

io
n
 

de
 
la
 m

éi
of

au
ne
 p

ar
 
le

s 
p
o
is

so
n
s 

e
t 

le
s 

cr
an

- 

go
ni

dé
s 

; 
cy

cl
e 

b
io

lo
g
iq

u
e,
 

p
ro

d
u
ct

io
n
, 

bu
dg

et
s 

én
er

g
ét

iq
u
es

.

R
ôl

e 
de

s 
P

ha
eo

ph
yc

és
 

(F
u

ca
le

s 
e
t 

E
ct

o
ca

rp
al

es
) 

au
 

se
in
 d

e 
l'
é
c
o

­

sy
st

èm
e 

b
en

th
iq

u
e.
 

A
sc

id
ie

s 
di

de
m

ni
da

e 
: 

sy
st

ém
at

iq
u
e,
 

éc
o
lo

g
ie

, 
co

m
pl

ex
e 

b
io

cé
n
o
ti

q
u
e 

as
so

ci
é.

E
tu

de
 

de
s 

co
m

po
sa

nt
s 

n
u
cl

éa
ir

es
 

ch
ez
 
le

s 
d
in

o
fl

a
g
e
ll

é
s.
 

O
rg

an
it

es
 

cy
to

pl
as

m
iq

u
es
 p

a
rt

ic
ip

a
n

t 
à 

la
 d

iv
is

io
n
 
n
u
cl

éa
ir

e.
 

A
ct

io
n 

de
 p

o
ll

u
an

ts
 

(m
ét

au
x 

lo
u

rd
s,
 

o
rg

an
o

ch
lo

ré
s,
 

o
rg

an
o
p

h
os

p
h

o
ré

s)
, 

su
r 

le
s 

d
in

o
fl

a
g
e
ll

é
s.

1
.8

.2
. 

S
ta

ti
o
n
 m

ar
in

_e
_d

e_
 V

il_
le

_f
r_

an
_c

he
^s

ur
^_

M
er

E
ch

an
ti

ll
o

n
n

ag
e 

en
 
co

n
ti

n
u
 d

e 
pa

ra
m

èt
re

s 
h
y
d
ro

lo
g
iq

u
es
 
e
t 

b
io

lo
g

iq
u

es
 

en
 m

er
 

L
ig

ur
e 

(M
éd

it
er

ra
n
ée

).
 

M
od

èl
es
 

de
 p

ré
d

ic
ti

o
n

.

C
u
lt

u
re

s 
p
h
y
to

p
la

n
ct

o
n

iq
u

es
 

m
on

os
pé

ci
fi

qu
es
 

(e
t 

al
g

o
th

èq
u

e)
 

e
t 

m
ul

­

ti
sp

é
ci

fi
q
u
e
s 

à 
p

a
rt

ir
 d

e 
pe

up
le

m
en

ts
 
n
at

u
re

ls
 

; 
ét

u
d

e 
e
t 

m
o
d
él

is
at

io
n
 

de
 
la

 

cr
o
is

sa
n
ce
 
e
t 

de
 
la
 p

ro
d

u
ct

iv
it

é 
p

ri
m

ai
re
 
co

n
tr

ô
lé

e.

E
tu

de
 
b
io

lo
g
iq

u
e 

e
t 

éc
o
lo

g
iq

u
e 

de
 

gr
ou

pe
s 

zo
o
p
la

n
ct

o
n
iq

u
es

, 
no

ta
m

­

m
en

t 
ét

u
d
es
 

de
 

dy
na

m
iq

ue
 

de
s 

p
o
p
u
la

ti
o
n
s 

à 
p

a
rt

ir
 d

'é
ch

an
ti

ll
o

n
n

ag
es
 

(c
y
cl

es
 

v
it

au
x

, 
re

la
ti

o
n

s 
av

ec
 
le

s 
m

as
se

s 
d
'e

au
 d

an
s 

le
 
ca

d
re
 

de
 
l'
é
tu

d
e
 d

e 
la
 m

er
 

L
ig

u
re

, 
sé

ri
e
s 

ch
ro

n
o
lo

g
iq

u
es

) 
e
t 

no
m

br
eu

x 
él

ev
ag

es
 

en
 
la

b
o
ra

to
ir

e
.

E
tu

de
 

de
s 

li
p
id

e
s 

e
t 

de
s 

en
zy

m
es
 
d
ig

e
st

if
s 

ch
ez
 
d
if

fé
re

n
ts
 

gr
ou

pe
s 

p
la

n
ct

o
n
iq

u
es

. 
E

tu
de
 

b
io

én
er

g
ét

iq
u

e 
de

s 
la

rv
es
 
e
t 

de
s 

ad
u
lt

es
 
d
'o

u
rs

in
.

1
.8

.3
. 

S
ta

ti
c
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b
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p
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u
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o
 

so
u
th
 o

f 
S

to
ck

ho
lm

, 

co
n
ti

nu
ed
 
th

e
ir
 
lo

n
g
-t

er
m
 p

el
ag

ic
 m

o
n

it
o

ri
n

g
 

pr
og

ra
m

m
e 

ai
so
 

in
 

19
79

. 
Tw

o 
st

a
ti

o
n
s 

w
er

e 
v

is
it

e
d
 

25
 

ti
m

es
 

d
u

ri
n

g
 

th
e 

y
ea

r 
an

d 
th

e 
sa

m
pl

in
g 

co
v

er
ed

 m
os

t 
b
io

ti
c
 

an
d 

a
b

io
ti

c 

p
ar

am
et

er
 w

it
h
 r

ef
er

en
ce
 

to
 

th
e 

p
el

ag
ic
 

ec
os

ys
te

m
.

O
n 

th
e 

so
u

th
-c

o
as

t 
o
f 

Sw
ed

en
, 

th
e 

U
n

iv
er

si
ty
 o

f 
L

un
d 

in
 

th
e 

au
tu

m
n 

o
f 

19
79
 
st

a
rt

e
d
 

a 
pr

og
ra

m
m

e 
fo

r 
ev

al
u
at

in
g
 

th
e 

p
ro

d
u
ct

iv
it

y
 o

f 
sh

al
lo

w
 m

ar
in

e 
b

ay
s.
 

B
en

th
ic
 

an
d 

p
el

ag
ic

 

al
g
ae
 

an
d 

th
e
ir
 
p
ro

d
u
ct

iv
it

y
 w

er
e 

sa
m

pl
ed

- 
an

d 
an

al
y
se

d
, 

ch
lo

ro
p

h
y

ll
 

w
as
 m

ea
su

re
d 

an
d 

th
is
 
a
t 

a 
fr

eq
u
en

cy
 o

f 
ap

pr
ox

, 

10
-1

5 
ti

m
es
 

p
er
 y

ea
r.

K
at

te
g
at
 

an
d 

S
ka

ge
rr

ak

A
s 

a 
p
ar

t 
o
f 

th
e 

o
ff

-s
h

o
re
 m

o
n
it

o
ri

n
g
 

pr
og

ra
m

m
e,
 

th
e 

H
yd

ro
gr

ap
hi

ca
l 

la
b
o
ra

to
ry
 o

f 
th

e 
S

w
ed

is
h 

F
is

h
er

y
 

B
oa

rd
 

ha
s 

m
ea

su
re

d 
pr

im
ar

y 
p
ro

d
u
ct

io
n
 

an
d 

ch
lo

ro
p

h
y

ll
 

in
 

th
e 

K
at

te
g
at
 

an
d 

S
ka

ge
ra

k 
ar

ea
 

on
 o

ne
 c

ru
is

e 
in
 M

ay
 a

nd
 o

ne
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in
 

O
ct

ob
er

. 
S

am
pl

es
 

fo
r 

q
u
a
li

ta
ti

v
e
 
an

al
y

si
s 

o
f 

ph
yt

o-
 

an
d 

zo
op

la
nk

to
n 

w
er

e 
ai

so
 

ta
k
en
 o

n 
th

es
e 

o
cc

as
io

n
s.

A
s 

a 
p
ar

t 
o
f 

th
e
ir
 r

o
u
ti

n
e 

pr
og

ra
m

m
e,
 

th
e 

In
st

it
u
te
 
o
f 

M
ar

in
e 

R
es

ea
rc

h 
in
 

L
y

se
k

il
 

ha
s 

m
ad

e 
se

v
er

al
 

ic
h
th

y
o
- 

p
la

n
k
to

n 
su

rv
ey

s 
in
 
th

e 
ar

ea
 d

u
ri

n
g
 

th
e 

y
ea

r.
 

T
he
 

g
ea

rs
 

us
ed

 h
av

e 
be

en
 6

0 
cm
 

B
on

go
-n

et
s 

an
d 

IK
M

W
T.

In
 
th

e 
G

u
ll

m
ar

-f
jo

rd
, 

an
 
in

te
n

si
v

e 
p

el
ag

ic
 
p
ro

je
ct
 

si
m

il
ar

 

to
 

th
at
 

o
f 

th
e 

A
sk

ö 
la

b
o
ra

to
ry
 h

as
 

be
en
 

ru
n 

fo
r 

it
s 

se
co

nd
 

y
ea

r.
 

A
t 

an
 
in

te
rv

a
l 

o
f 

IO
 

da
ys
 

sa
m

pl
in

g 
an

d 
an

al
y

si
s 

o
f 

hy
dr

og
rp

hy
, 

n
u
tr

ie
n
ts

, 
li

g
h
t,
 

pr
im

ar
y 

p
ro

d
u
ct

io
n
, 

ch
lo

ro
p
h
y
ll

 

p
h
y
to

pl
an

kt
o

n
, 

m
es

o-
 

an
d 

m
ac

ro
zo

op
la

nk
to

n 
ha

ve
 b

ee
n 

m
ad

e 

by
 
th

e 
K

ri
st

in
eb

er
g
 M

ar
in

e 
B

io
lo

g
ic

al
 

S
ta

ti
o
n
.

S
tu

d
ie

s,
 

e
sp

ec
ia

ll
y
 c

o
n
ce

n
tr

at
ed
 

to
 

th
e 

li
fe

-c
y
c
le

s 
o
f 

c
la

d
o
c
e
ra

e
 

an
d 

ch
ae

to
g
n
at

h
s,
 

ha
s 

be
en
 c

on
du

ct
ed
 b

y 

sc
ie

n
ti

st
s 

fr
om

 
th

e 
U

n
iv

er
si

ty
 o

f 
S

to
ck

ho
lm

.

T
he
 

T
jd

rn
ö 

la
b
o
ra

to
ry

, 
si

tu
at

e
d
 

on
 

th
e 

n
o

rt
h

er
n
 p

ar
t 

o
f 

th
e 

S
w

ed
is

h 
w

es
t-

co
as

t, 
ha

s 
fo

r 
se

v
er

al
 

y
ea

rs
 

ta
k

en
 a

n 

ac
ti

v
e 

p
ar

t 
in
 

th
e 

re
se

ar
ch

 c
o
n
ce

rn
in

g
 
aq

u
a-

cu
lt

u
re

. 
In

 

th
e
ir
 a

rc
a,
 

an
 
in

cr
ea

si
n

g
 n

um
be

r 
o
f 

M
y
ti

lu
s 

fa
rm

er
s 

ha
ve

 

st
a
rt

e
d
 

co
m

m
er

ci
al
 
c
u
lt

u
re

s.
 

A
9 

a 
co

ns
eq

ue
nc

e 
th

er
eo

f,
 

th
e 

T
jä

rn
ö 

la
b
o
ra

to
ry
 h

as
 
st

a
rt

e
d
 

a 
re

se
ar

ch
 

pr
og

ra
m

m
e 

ai
m

ed
 a

t 
d

es
cr

ib
in

g
 

th
o
se
 p

ar
am

et
er

s 
in
 

th
e 

p
el

ag
ic
 

zo
ne

 

w
hi

ch
 
re

g
u
la

te
 

th
e 

gr
ow

th
 o

f 
th

e 
m

u
ss

el
s.
 

T
he
 n

um
be

r 
o
f 

o
b
se

rv
at

io
n
s 

ha
ve
 b

ee
n 

ap
pr

ox
. 

25
 

d
u

ri
n

g
 

th
e 

y
ea

r.
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U
ni

te
d 

K
in

gd
om

1»
 

E
ng

la
nd

 

(Z
).,

!.,
 

G
ar

ro
d)

1.
 

RA
FF
 L

ow
es

to
ft
 
F

is
h
er

ie
s 

L
ab

or
at

or
y

A
. 

P
la

n
k
to

n
 
S

tu
d

ie
s 

in
 
th

e 
se

as
 

ar
ou

nd
 t

h
e 

B
ri

ti
sh
 
Is

le
s

(i
) 

T
he
 

d
at

a 
fr

om
 
th

e 
NE
 C

oa
st
 

su
rv

ey
 

ca
rr

ie
d
 o

u
t 

in
 1

97
6 

ha
s 

no
w
 b

ee
n 

an
al

y
se

d
 

fo
r 

p
u
b
li

ca
ti

o
n
 
in
 a
 
se

ri
e
s 

o
f 

te
ch

n
ic

al
 r

e
p
o
rt

s 
an

d 
sc

ie
n

ti
fi

c
 
p

ap
er

s.
 

T
he

 
d

at
a 

ha
ve
 

be
en
 

us
ed
 
to
 

co
n

st
ru

ct
 

a 
tw

o 
di

m
en

si
on

al
 

si
m

u
la

ti
o

n
 o

f 
th

e 
ge

o­
g
ra

p
h
ic

al
 

an
d 

se
as

o
n

al
 
p
ro

g
re

ss
io

n
 o

f 
pr

im
ar

y 
an

d 
se

co
nd

ar
y 

p
ro

d
u
ct

io
n
 

th
ro

u
g
h

­
ou

t 
th

e 
ar

ea
. 

T
h

is
 m

od
el
 h

as
 a

ch
ie

ve
d
 a
 
sa

ti
sf

a
ct

o
ry
 r

ep
re

se
n
ta

ti
o
n
 o

f 
pr

od
uc

­
ti

o
n
 

in
 
th

e 
's

p
ri

n
g
 b

lo
om

' 
p
er

io
d
 b

ut
 
ad

d
it

io
n

al
 
v
ar

ia
b
le

s 
w

ou
ld
 

be
 n

ec
es

sa
ry

 
to
 a

ch
ie

v
e 

a 
co

m
pa

ra
bl

e 
si

m
u
la

ti
o

n
 o

f 
th

e 
ch

an
ge

s 
th

a
t 

to
ok

 p
la

ce
 
in
 t

h
e 

se
co

nd
 

h
a
lf
 

o
f 

th
e 

y
ea

r.

(i
i)

 D
at

a 
fr

om
 
th

e 
19

78
 
st

u
d
ie

s 
on
 a

 p
at

ch
 o

f 
p
la

ic
e 

eg
gs
 
in
 t

h
e 

S
ou

th
er

n 
B

ig
ht

ha
ve
 

no
w
 b

ee
n 

fu
ll

y
 a

n
al

y
se

d
. 

T
he
 
re

su
lt

s 
in

d
ic

at
e 

th
a
t 

th
e 

st
a
te

-o
f-

th
e
-a

rt
 

h
y
d
ro

g
ra

p
h

ic
 
te

ch
n
iq

u
es
 n

ow
 g

iv
e 

re
as

o
n
ab

le
 

ag
re

em
en

t 
be

tw
ee

n 
d
y
e-

d
if

fu
si

o
n

 
ex

p
er

im
en

ts
 a

nd
 
cu

rr
en

t 
m

et
er
 a

rr
ay

s 
an

d 
th

at
 

th
e 

m
ov

em
en

ts
 o

f 
a 

sp
ec

if
ic

 
p
at

ch
 o

f 
eg

gs
 

co
ul

d
 b

e 
p
re

d
ic

te
d
 a

cc
u
ra

te
ly
 

en
ou

gh
 
to
 
id

en
ti

fy
 
it

s
 
p
o
si

ti
o
n

 
on
 
su

cc
es

si
v
e 

su
rv

ey
 
g

ri
d

s 
as
 w

ou
ld
 

be
 r

eq
u
ir

ed
 t

o
 

co
nd

uc
t 

a 
fu

ll
 
sc

al
e 

st
ud

y 
on
 t

h
e 

eg
gs
 a

nd
 l

a
rv

a
l 

st
ag

es
 

of
 f

is
h
 b

et
w

ee
n 

sp
aw

ni
ng

 a
nd

 m
et

am
or

ph
os

is
.

(i
ii

) 
A

n
al

y
si

s 
o
f 

th
e 

d
ie

ta
ry
 
c
h
a
ra

c
te

ri
st

ic
s 

o
f 

la
rv

a
l 

fi
sh

 h
as
 b

ee
n 

u
n

d
er

ta
k
en
 t

o
 

id
e
n
ti

fy
 
p
o
ss

ib
le
 
ar

ea
s 

o
f 

co
m

p
et

it
io

n
 b

et
w

ee
n 

sp
ec

ie
s 

o
r 

he
av

y 
de

pe
nd

en
ce
 o

n 
a 

p
a
rt

ic
u
la

r 
pr

ey
 o

rg
an

is
m

, 
an

d 
th

e 
fe

ed
in

g
 o

f 
tw

en
ty

-t
w

o 
sp

ec
ie

s 
o
f 

fi
sh

 
la

rv
ae

 o
ff
 

th
e 

NE
 c

o
as

t 
of
 

E
ng

la
nd
 h

as
 b

ee
n 

d
es

cr
ib

ed
. 

T
he

se
 
st

u
d
ie

s 
ha

ve
 

no
w

 
be

en
 

ex
te

nd
ed

 t
o
 m

or
e 

d
et

ai
le

d
 
in

v
es

ti
g
at

io
n
 o

f 
th

e 
n

u
tr

it
io

n
a
l 

re
q

u
ir

em
en

ts
 

o
f 

p
la

ic
e 

an
d 

co
d 

la
rv

ae
, 

co
m

pa
ri

ng
 t

h
e 

gr
ow

th
 a

nd
 

de
ve

lo
pm

en
t 

of
 
la

b
o
ra

to
ry

 
re

ar
ed

 l
ar

v
ae
 w

it
h 

w
il

d 
sp

ec
im

en
s.
 

A
tt

em
pt

s 
ar

e 
b
ei

n
g 

m
ad

e 
to
 

ag
e 

th
es

e 
la

rv
ae

 
by
 
d
ai

ly
 
ri

n
g
s 

on
 
th

e 
o
to

li
th

s 
an

d 
to
 

de
te

rm
in

e 
th

e
ir
 
n

u
tr

it
io

n
a
l 

st
at

u
s 

to
 

id
e
n
ti

fy
 

w
ha

t 
p
ro

p
o
rt

io
n
 o

f 
la

rv
ae
 m

ig
ht
 

n
o
t 

be
 v

ia
b
le
 

al
th

o
u
g
h 

al
iv

e 
at
 

th
e 

ti
m

e 
of
 

ca
p
tu

re
.

(i
v

) 
S

tu
d
ie

s 
ha

ve
 a

is
o
 

be
en
 
ca

rr
ie

d
 o

ut
 

be
tw

ee
n 

19
76
 a

nd
 

19
79
 
to
 

de
te

rm
in

e 
th

e 
d

ie
t

o
f 

p
el

ag
ic
 

an
d 

se
m

i-
p

el
ag

ic
 
fi

sh
 w

hi
ch
 w

er
e 

co
n
si

d
er

ed
 t

o
 

be
 p

o
te

n
ti

a
l 

p
re

d
at

o
rs

 
o
f 

fi
sh

 
eg

gs
 a

nd
 l

ar
v
ae

, 
an

o.
 

th
e 

re
su

lt
s 

o
f 

th
es

e 
st

u
d
ie

s 
ar

e 
no

w
 b

ei
n

g 
w

ri
tt

en
 

up
 
fo

r 
p
u
b
li

ca
ti

o
n
. 

In
 

19
79
 a

n 
at

te
m

p
t 

w
as
 m

ad
e 

to
 

es
ti

m
at

e 
th

e 
ab

un
da

nc
e 

of
 

th
e 

p
re

d
at

o
rs
 a

co
u
st

ic
al

ly
 a

nd
 t

o
 

lo
ok
 
fo

r 
ag

g
re

g
at

io
n
s 

o
f 

fi
sh
 

in
 r

e
la

ti
o

n
 t

o
 

pl
an

kt
on
 
p

at
ch

es
. 

T
he
 
u
su

al
 

pr
ob

le
m

s 
w

er
e 

en
co

u
n
te

re
d 

w
it

h 
th

e 
ac

o
u
st

ic
 

eq
u

ip
­

m
en

t, 
na

m
el

y 
: 

m
is

si
n
g
 f

is
h
 

w
hi

ch
 w

er
e 

cl
o
se
 
to
 
th

e 
bo

tt
om

; 
id

en
ti

fy
in

g
 s

p
ec

ie
s 

an
d 

si
zi

n
g
 
in

d
iv

id
u
al

s.
 

C
on

se
qu

en
tl

y 
w

e 
fa

il
e
d
 t

o
 
o
b
ta

in
 

a 
go

od
 e

st
im

at
e 

of
 

p
re

d
at

io
n
 p

re
ss

u
re
 

by
 
th

is
 

m
et

ho
d.

(v
) V

er
ti

ca
l 

d
is

tr
ib

u
ti

o
n
 
st

u
d
ie

s 
ha

ve
 

be
en
 
ca

rr
ie

d
 

ou
t 

on
 t

h
e 

la
rv

ae
 o

f 
th

e
lo

b
st

e
r 

('T
om

.0 
ru

s 
ma

mm
a r

u
s)
 

on
 

th
e 

NE
 c

o
as

t 
in
 

19
79

* 
T

he
 
re

su
lt

s 
su

g
g
es

t 
th

a
t 

lo
w
 
d
en

si
ty
 

co
up

le
d 

w
it

h 
v
a
ri

a
ti

o
n
 

in
 
v

e
rt

ic
a
l 

d
is

tr
ib

u
ti

o
n
 
w

il
l 

m
ak

e 
it

 
ex

tr
em

el
y 

d
if

fi
c
u
lt
 

to
 

sa
m

ól
e 

lo
b
st

e
r 

la
rv

ae
 
q

u
a
n

ti
ta

ti
v

el
y
 w

it
h 

ou
r 

p
re

se
n
t 

sa
m

pl
in

g 
m

et
ho

ds
.

(v
i)

 T
w

o 
cr

u
is

es
 

w
er

e 
ca

rr
ie

d
 o

ut
 

ab
oa

rd
 H

V 
CO

RE
LL

A 
in
 A

ug
us

t/
S

ep
te

m
be

r 
an

d 
in

 
O

ct
ob

er
 a

s 
p
ar

t 
of
 
th

e 
In

te
rn

at
io

n
al
 
se

ri
e
s 

of
 
h
er

ri
n
g
 l

a
rv

a
l 

su
rv

ey
s.

(v
ii

) 
O

ne
 

su
rv

ey
 

w
as
 

co
nd

uc
te

d 
ab

oa
rd
 R

V 
CO

RE
LL

A 
in
 J

u
ly
 

to
 

ex
am

in
e 

th
e 

st
ru

ct
u
re

 
o
f 

th
e 

oc
ea

no
gr

ap
hi

c 
fr

o
n
t 

o
ff
 
th

e 
NE
 C

oa
st
 

of
 E

ng
la

nd
 u

si
n
g 

a 
p

ro
fi

li
n

g
 

fl
u

o
ro

m
et

er
. 

T
hi

s 
w

or
k 

de
m

on
st

ra
te

d 
th

a
t 

th
e 

hi
gh
 

ch
lo

ro
p
h
y
ll
 
'a

' 
co

n
ce

n
tr

a­
ti

o
n
s 

of
 
th

e 
fr

o
n

t 
w

er
e 

co
n
ti

n
u
o
u
s 

w
it

h 
si

m
il

ar
 

an
d 

h
ig

h
er
 

ch
lo

ro
p
h
y
ll
 

'a
' 

co
n
ce

n
tr

at
io

n
s 

in
 
th

e 
th

er
m

o
cl

in
e 

fu
rt

h
er
 o

ff
 

sh
o
re

. 
In
 

a 
fo

ll
o
w
 

up
 t

o
 
th

is
 

cr
u

is
e 

ab
oa

rd
 R

V 
CI

RO
LA

NA
 
in
 

S
ep

te
m

be
r 

hi
gh
 

ch
lo

ro
p
h
y
ll
 
'a

' 
v
al

u
es
 h

av
e 

be
en

 
fo

un
d 

in
 
as

so
ci

at
io

n
 w

it
h 

th
e 

th
er

m
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ea
r 

to
 y

ea
r;
 

(5
) 

d
u

ri
n

g
 

co
ld
 w

in
te

rs
 

co
d 

sp
aw

ni
ng
 
is
 

d
is

ru
p
te

d
 
o
r 

g
re

at
ly
 

re
du

ce
d 

an
d 

th
e 

o
n
se

t 
o
f 

ha
dd

oc
k 

sp
aw

ni
ng
 
is
 

d
el

ay
ed

; 
(6

) 
th

er
e 

is
 

no
 

ap
p

ar
en

t 
co

rr
el

at
io

n
 

be
tw

ee
n 

la
rv

al
 

ab
un

da
nc

e 
an

d 
re

cr
u
it

m
en

t 
su

cc
es

s 
fo

r 
e
it

h
e
r 

sp
ec

ie
s.
 

Y
ea

rs
 

o
f 

hi
gh

 
la

rv
al
 

ab
un

da
nc

e 
pr

od
uc

ed
 w

ea
k 

y
ea

r 
cl

as
se

s 
bu

t 
19

75
, 

a 
y
ea

r 
o
f 

m
od

er
at

e 
ab

un
da

nc
e 

an
d 

hi
gh
 
w

in
te

r 
su

rv
iv

al
 

o
f 

la
rv

ae
, 

pr
od

uc
ed
 

a 
st

ro
n

g
 y

ea
r 

cl
as

s 
fo

r 
bo

th
 
sp

ec
ie

s.

A
t 

th
e 

W
oo

ds
 

H
ol

e 
L

ab
or

at
or

y
 

p
ro

ce
ss

in
g
 
o
f 

th
e 

0.
33

3-
m

m
 m

es
h 

ic
h
th

y
o
p
la

n
k
to

n 
sa

m
pl

es
 

w
as
 

co
m

pl
et

ed
 
fo

r 
th

e 
19

71
-1

97
7 

IC
N

A
F 

la
rv

al
 

h
er

ri
n

g
 

ti
m

e 
se

ri
e
s,
 

an
d 

fi
n

al
 

su
m

m
ar

y 
an

d 
an

al
y
si

s 
o
f 

la
rv

al
 

h
er

ri
n

g
 

gr
ow

th
 

an
d 

m
o

rt
al

it
y
 w

as
 

be
gu

n 
fo

r 
th

e 
G

eo
rg

es
 

B
an

k 
re

g
io

n
. 

P
ro

ce
ss

in
g
 
o
f 

su
bs

am
pl

es
 

o
f 

in
v

er
te

b
ra

te
 

zo
op

la
nk

to
n 

sa
m

pl
es
 

fo
r 

se
le

ct
ed

 y
ea

rs
 

o
f 

th
is
 

se
v
en

-y
ea

r 
se

ri
e
s 

w
as
 

ai
so
 

co
m

pl
et

ed
, 

an
d 

an
al

y
si

s 
o
f 

ab
un

da
nc

e 
an

d 
co

m
po

si
ti

on
 

o
f 

zo
op

la
nk

to
n 

in
 
re

la
ti

o
n
 

to
 

la
rv

al
 

gr
ow

th
 
is
 

in
 

p
ro

g
re

ss
. 

W
or

k 
co

n
ti

n
u

ed
 

on
 

p
ro

ce
ss

in
g
 

an
d 

an
al

y
si

s 
o
f 

th
e 

19
78

 
la

rv
al
 

h
er

ri
n
g
 

pa
tc

h 
st

u
d
y
 

on
 

G
eo

rg
es
 

B
an

k.
 

A 
m

ee
ti

ng
 w

as
 

he
ld
 

in
 

D
ec

em
be

r 
19

79
, 

at
 

D
ar

tm
ou

th
, 

N
ov

a 
S

co
ti

a,
 

to
 

re
vi

ew
 
th

e 
st

at
u

s 
o
f 

d
at

a 
an

al
y

si
s 

fr
om

 t
h

is
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ex
p
er

im
en

t.
 

M
or

e 
th

an
 

20
 

re
p
o
rt

s 
ha

ve
 

be
en
 
w

ri
tt

en
 

o
r 

ar
e 

in
 

p
ro

g
re

ss
io

n
 

v
ar

io
u
s 

as
p
ec

ts
 

o
f 

b
io

lo
g
ic

al
 

an
d 

p
h
y
si

ca
l 

oc
ea

no
gr

ap
hi

c 
st

u
d

ie
s 

co
nd

uc
te

d 
du

ri
ng
 

th
e 

pa
tc

h 
st

u
d
y
. 

R
es

u
lt

s 
o
f 

a
li
 

th
e 

IC
N

A
F 

la
rv

al
 

h
er

ri
n

g
 
st

u
d
ie

s 
in

cl
u
d
in

g
 

th
e 

pa
tc

h 
st

u
dy
 
w

il
l 

be
 

re
vi

ew
ed
 
at
 

a 
w

or
ks

ho
p 

in
 

W
oo

ds
 

H
ol

e,
 

A
pr

il
 

19
80

.

L
ar

va
l 

re
se

ar
ch
 

in
 

ex
p
er

im
en

ta
l 

tr
op

ho
dy

na
m

ie
s 

a
t 

N
ar

ra
g
an

se
tt
 

fo
cu

se
d 

on
 

q
u
an

ti
fy

in
g
 

in
d
iv

id
u
al
 

v
a
ri

a
b
il

it
y
 
o
f 

se
v
er

al
 

b
io

lo
g
ic

al
 

p
ro

ce
ss

es
. 

In
 
p
a
rt

ic
u
la

r,
 

d
ai

ly
 
m

o
rt

al
it

y
 

ra
te

s 
d

u
ri

n
g
 

th
e 

fi
rs

t 
tw

o 
w

ee
ks
 

fo
ll

o
w

in
g 

h
at

ch
in

g
, 

ho
ur

ly
 

fe
ed

in
g
 
ra

te
s,
 

an
d 

th
e 

re
la

ti
o

n
sh

ip
 

o
f 

a
c
ti

v
it

y
 

le
v
el
 

to
 

m
et

ab
ol

is
m
 w

er
e 

de
te

rm
in

ed
 

fo
r 

se
v
er

al
 

sp
ec

ie
s.
 

B
io

ch
em

ic
al
 

re
se

ar
ch
 

co
n
ti

n
u
ed
 

to
 

em
ph

as
iz

e 
th

e 
u

se
fu

ln
es

s 
o
f 

RN
A/

DN
A 

ra
ti

o
s 

as
 

a 
la

rv
al
 

co
n
d
it

io
n
 

in
d
ex

. 
E

xp
er

im
en

ts
 

w
er

e 
co

m
pl

et
ed

 
re

la
ti

n
g
 

RN
A/

DN
A 

an
d 

te
m

p
er

at
u
re
 

ch
an

ge
s 

at
 

a 
co

n
st

an
t 

fe
ed

in
g
 
le

v
e
l.
 

A 
la

rv
al

 
n

it
ro

g
en
 

bu
dg

et
 w

as
 

es
ta

b
li

sh
ed
 

in
 

as
si

m
il

at
io

n
 

ra
te
 

ex
p
er

im
en

ts
. 

P
re

li
m

in
ar

y
 

ex
pe

ri
m

en
ts
 

on
 

th
e 

id
e
n
ti

fi
c
a
ti

o
n
 

o
f 

d
ig

es
ti

v
e 

en
zy

m
es
 

an
d 

th
e 

us
e 

o
f 

el
ec

tr
o

n
 

tr
an

sp
o
rt
 
a
c
ti

v
it

y
 

as
 

a 
m

ea
su

re
 

o
f 

m
et

ab
ol

is
m
 w

er
e 

ai
so
 
in

it
ia

te
d
. 

C
o
n
si

d
er

ab
le

 
e
ff

o
rt
 w

as
 

sp
en

t 
in
 

pl
an

ni
ng
 

an
d 

co
o
rd

in
at

in
g
 

v
ar

io
u

s 
ph

as
es
 

o
f 

la
rv

al
 

la
b

o
ra

to
ry

 
an

d 
fi

e
ld
 

re
se

ar
ch
 

co
nd

uc
te

d 
w

it
h
in
 

th
e 

M
ar

in
e 

E
co

sy
st

em
s 

D
iv

is
io

n
. 

T
hi

s 
w

as
 

in
 

re
sp

o
n

se
 

to
 

th
e 

ne
ed
 

fo
r 

m
or

e 
in

fo
rm

at
io

n
 

on
 

th
e 

p
ro

ce
ss

es
 

th
a
t 

co
n

tr
o

l 
la

rv
al

 
gr

ow
th
 

an
d 

su
rv

iv
al
 

an
d 

to
 
in

te
ra

c
t 

w
it

h 
in

fo
rm

at
io

n
 

g
en

er
at

ed
 

fr
om

 b
ro

ad
sc

al
e 

ic
h
th

y
o
p
la

n
k
to

n
 

su
rv

ey
s.

S
ev

er
al
 

st
u

d
ie

s 
on
 

th
e 

ta
xo

no
m

y 
o
f 

ea
rl

y
 
li

fe
 

st
ag

es
 

o
f 

fi
sh
 

ar
e 

un
de

rw
ay

 
a
t 

Sa
nd

y 
H

oo
k 

in
cl

u
d
in

g
: 

co
m

pl
et

io
n 

o
f,
 

"A
 

G
ui

de
 

to
 

th
e 

E
ar

ly
 

S
ta

ge
s 

o
f 

M
ar

in
e

F
is

he
s 

O
cc

ur
ri

ng
 

in
 

th
e 

W
es

te
rn
 
A

tl
an

ti
c 

w
it

h 
E

m
ph

as
is
 

on
 

S
p
ec

ie
s 

Fo
un

d 
N

or
th
 

o
f 

C
ap

e 
H

at
te

ra
s,

" 
w

hi
ch
 

in
cl

u
d
es
 

eg
g 

an
d 

la
rv

al
 

d
es

cr
ip

ti
o
n
s 

o
f 

29
0 

sp
ec

ie
s 

o
f 

fi
sh

e
s;
 

a 
st

ud
y 

o
f 

la
rv

al
 

an
d 

ju
v

en
il

e 
P

hy
ci

s 
an

d 
U

ro
ph

yc
is
 

in
cl

u
d
in

g
 

de
v

el
op

­
m

en
t, 

d
is

tr
ib

u
ti

o
n
, 

se
as

o
n

al
it

y
, 

an
d 

re
la

ti
v
e
 

ab
un

da
nc

e,
 

w
it

h 
em

ph
as

is
 

on
 

S
ou

th
er

n 
Ne

w 
E

ng
la

nd
 

an
d 

Ne
w 

Y
or

k 
B

ig
ht
 w

at
er

s;
 

a 
re

vi
ew

 
o
f 

th
e 

de
ve

lo
pm

en
ta

l 
d

es
cr

ip
ti

o
n

s 
o
f 

la
rv

al
 

ga
di

ds
 

an
d 

im
pr

ov
ed
 
d

es
cr

ip
ti

o
n

s 
ba

se
d 

on
 

w
es

te
rn
 
A

tl
an

ti
c 

m
at

er
ia

l;
 

p
re

p
ar

at
io

n
 

o
f 

m
an

u
sc

ri
p

ts
 

d
es

cr
ib

in
g
 

eg
g 

an
d 

la
rv

al
 

de
ve

lo
pm

en
t 

o
f:

 
ti

le
fi

s
h
,

L
o
p
h
o
la

ti
lu

s 
ch

am
ae

le
o

n
ti

ce
p

s,
 

an
d 

si
x
 s

p
ec

ie
s 

o
f 

th
e 

ge
nu

s 
L

ip
ar

is
 ; 

an
d 

an
 

an
al

y
si

s 
o
f 

th
e 

m
or

ph
ol

og
y 

o
f 

la
rv

al
 

S
eb

as
te

s 
fa

sc
ia

tu
s 

an
d 

S_
. 

m
en

te
ll

a.

W
or

k 
co

n
ti

n
u
ed
 
a
t 

W
oo

ds
 

H
ol

e 
on
 

de
ve

lo
pm

en
t 

o
f 

an
 

en
er

gy
 

bu
dg

et
 

an
d 

a 
m

u
lt

is
p

ec
ie

s 
fi

sh
 

p
ro

d
u
ct

io
n 

m
od

el
 

fo
r 

G
eo

rg
es
 

B
an

k.
 

E
a
rl

ie
r 

es
ti

m
at

es
 

o
f 

th
e 

ve
ry
 

hi
gh
 

le
v

el
 

o
f 

pr
im

ar
y 

p
ro

d
u
ct

io
n
 

(4
00

-5
00
 

gC
/m

2/
yr

) 
on
 

G
eo

rg
es
 

B
an

k 
ha

ve
 

be
en
 

co
nf

ir
m

ed
 

by
 

m
or

e 
re

ce
n
t 

m
ea

su
re

m
en

ts
, 

an
d 

p
ro

d
u
ct

iv
it

y
 

o
f 

o
th

er
 
tr

o
p
h

ic
 

le
v
el

s 
ai

so
 

ap
pe

ar
s 

u
n
u
su

al
ly
 

h
ig

h
. 

In
 

co
m

pa
ri

so
n 

w
it

h 
th

e 
N

or
th
 

Se
a 

G
eo

rg
es

 
B

an
k 

ap
pe

ar
s 

m
uc

h 
m

or
e 

p
ro

d
u
ct

iv
e 

p
er
 
u

n
it
 

ar
ea
 
a
t 

a
ll
 

tr
o

p
h

ic
 
le

v
e
ls

, 
ex

ce
p
t 

fo
r 

p
el

ag
ic
 
fi

sh
 

p
ro

d
u
ct

io
n
 

w
hi

ch
 

ap
p
ea

rs
 

to
 

be
 

ab
ou

t 
25

%
 

lo
w

er
 

on
 

G
eo

rg
es
 

B
an

k.
 

L
os

s 
o
f 

p
la

n
k
to

n 
p
ro

d
u
ct

io
n 

fr
om

 G
eo

rg
es
 

B
an

k 
th

ro
ug

h 
ad

v
ec

ti
v
e 

p
ro

ce
ss

es
 

is
 

on
e 

p
o

ss
ib

le
 

m
ec

ha
ni

sm
 
fo

r 
su

ch
 

a 
d
is

cr
ep

an
cy

, 
an

d 
ev

al
u

at
io

n
 
o
f 

th
is
 

fa
c
to

r 
am

on
g 

o
th

er
s 

w
as
 

be
gu

n.
 

P
ro

ce
ss

in
g
 w

as
 

co
m

pl
et

ed
 

on
 

th
e 

19
73

-7
6 

fi
sh
 

fo
od
 

h
ab

it
s 

d
at

a 
ba

se
 

fo
r 

G
eo

rg
es
 

B
an

k.
 

T
he

se
 

d
at

a 
w

il
l 

fo
rm

 t
h
e 

b
as

is
 

fo
r 

p
a
rt

it
io

n
in

g
 
d
ai

ly
 

ra
ti

o
n
 

es
ti

m
at

es
 

o
f 

a
li
 

m
aj

or
 
fi

n
fi

sh
 

ac
co

rd
in

g
 
to
 

si
ze
 

o
f 

p
re

d
at

o
r 

an
d 

th
e 

co
m

po
si

ti
on
 

an
d 

si
ze
 

o
f 

p
re

y
. 

In
 

19
80

, 
th

es
e 

es
ti

m
at

es
 

w
il

l 
be
 

us
ed
 

in
 

th
e 

m
u
lt

is
p
ec

ie
s 

fi
sh
 

p
ro

d
u
ct

io
n 

m
od

el
 

fo
r 

G
eo

rg
es
 

B
an

k 
to
 

be
gi

n 
ev

al
u

at
io

n
 

o
f 

th
e 

p
o
te

n
ti

al
 

e
ff

e
c
t 

o
f 

p
re

d
at

o
r-

p
re

y
 
in

te
ra

c
ti

o
n

s 
in
 

re
la

ti
o
n
 

to
 

v
ar

ia
b
le
 

re
cr

u
it

m
en

t 
an

d 
d

if
fe

re
n

t 
fi

sh
in

g
 
st

ra
te

g
ie

s.

D
ur

in
g 

19
79
 

th
e 

E
co

lo
gy
 

D
iv

is
io

n
 

o
f 

th
e 

B
ea

u
fo

rt
 

L
ab

o
ra

to
ry

, 
S

o
u
th

ea
st

 
F

is
h
er

ie
s 

C
en

te
r,
 

co
n
ti

n
u
ed
 

on
go

in
g 

re
se

ar
ch
 

on
: 

(1
) 

th
e 

im
po

rt
an

ce
 
o
f 

n
at

u
ra

l
fa

ct
o

rs
 

in
 

re
g
u
la

ti
n
g
 

th
e 

su
rv

iv
al
 

an
d 

gr
ow

th
 

o
f 

es
tu

ar
in

e-
d

ep
en

d
en

t 
la

rv
al
 

an
d
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ju
v
en

il
e 

fi
sh

, 
(2

) 
th

e 
e
ff

e
ct

s 
o
f 

m
an

-i
nd

uc
ed
 

st
re

ss
 

on
 
fi

sh
 
su

rv
iv

a
l,
 

an
d 

(3
) 

th
e 

de
ve

lo
pm

en
t 

of
 

te
ch

n
iq

u
es
 

to
 

sp
aw

n 
an

d 
re

ar
 
fi

sh
 

in
 

th
e 

la
b

o
ra

to
ry

.

P
h

y
si

o
lo

g
ic

al
 

an
d 

de
ve

lo
pm

en
ta

l 
st

u
d

ie
s 

a
t 

B
ea

uf
o
rt
 
u
ti

li
z
in

g
 

la
b

o
ra

to
ry

- 
sp

aw
ne

d 
eg

gs
 

an
d 

la
rv

ae
 
ar

e 
co

n
ti

n
u

in
g
. 

S
tu

d
ie

s 
in

cl
u
d

e:
 

(1
) 

th
e 

e
ff

ec
ts
 

of
ad

u
lt
 a

cc
li

m
at

io
n
 

te
m

p
er

at
u
re
 

on
 

eg
g 

q
u
al

it
y
 

an
d 

te
m

p
er

at
u

re
 
to

le
ra

n
ce
 
o
f 

th
e 

la
rv

al
 

st
ag

es
; 

(2
) 

st
ar

v
at

io
n
 

ti
m

e 
o
f 

fi
rs

t-
fe

e
d

in
g
 

la
rv

ae
; 

an
d 

(3
) 

de
ve

lo
pm

en
ta

l 
d
es

cr
ip

ti
o
n
s 

o
f 

la
rv

ae
 

o
f 

se
le

ct
ed
 
sc

ia
e
n

u
s,
 

se
rr

a
n
u
s 

an
d 

cl
u
p
ei

o
d
s.
 

T
he

 
fi

sh
 

sp
aw

ni
ng
 

an
d 

la
rv

al
 

re
ar

in
g
 

su
p

p
o

rt
 
p
ro

je
ct
 

is
 

co
n
ti

n
u
in

g
, 

an
d 

a 
p

il
o

t 
st

u
d
y 

ha
s 

be
en
 
st

ar
te

d
 

to
 

sp
aw

n 
A

tl
an

ti
c 

m
en

ha
de

n 
(B

re
v
o
o
rt

ia
 

ty
ra

n
n
u
s)
 

us
in

g 
2

-y
ea

r-
o

ld
 

st
o
ck

. 
D

ur
in

g 
19

79
, 

si
x
 

la
rv

al
 

fi
sh
 
cr

u
is

es
 

w
er

e 
co

m
pl

et
ed
 
o
ff
 

th
e 

N
or

th
 

C
ar

o
li

n
a 

co
as

t.
 

T
he

se
 
cr

u
is

es
 

co
ll

ec
te

d
 

la
rv

al
 

fi
sh
 
fo

r:
 

(1
) 

ag
e 

an
d

gr
ow

th
 
st

u
d
ie

s;
 

(2
) 

p
re

d
at

io
n
 
st

u
d

ie
s;
 

an
d 

(3
) 

d
is

tr
ib

u
ti

o
n
 
st

u
d
ie

s.
 

A 
ne

w
 

co
o
p
er

at
iv

e 
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w
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ra
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. 

T
he
 
in

te
ra

ct
io

n
 

o
f 

b
a
c
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ra
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ra
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p
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p
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ra
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b
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c
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b
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ra
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p
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p
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b
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d
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la
te
 

se
as

o
n

al
 

v
ar

ia
ti

o
n
 

in
 

p
h
y
si

ca
l,
 

ch
em

ic
al

, 
an

d 
b
io

lo
g
ic

al
 

p
ar

am
et

er
s 

to
 

ph
yt

op
la

nk
to

n
 

co
m

m
un

ity
 
st

ru
c
tu

re
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ra
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b
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ra
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p
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ra
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ra
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p
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 d
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d
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p
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p
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at
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ra
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p
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ra
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p
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b
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p
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ra
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d
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k.
 

G
ra

zi
ng
 
ra

te
 

o
f 

ti
n

ti
n

n
u
s 

an
d 

co
pe

po
ds
 

ar
e 

be
in

g 
m

ea
su

re
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re
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v
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h
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b
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p
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v
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p
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b
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re
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p
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d
in

g
 

th
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p
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p
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p
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b
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p
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ra
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v
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v
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p
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d
is

so
lv

ed
 o

rg
an

ic
 

ca
rb

on
 

re
le

as
ed
 

fr
om

 p
hy

to
pl

an
kt

on
 

re
v
ea

le
d
 

th
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p
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b
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v
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e 

pi
gm

en
t 

in
cr

ea
se
 
is
 

p
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b
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d
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