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of
 m

et
als
 i

n 
th

e 
wa

ter
 s

up
pl

y 
ca

n 
af

fe
ct
 g

ro
wt

h 
of

-a
lg

ae
 c

ul
tu

re
d 

fo
r 

rn
ol

lu
sc

an
 f

oo
d.
 

In
 a

dd
iti

on
, 

in
fo

rm
ati

on
 

on
 t

he
 e

ff
ec

t 
of
 m

et
al

-c
on

ta
m

in
at

ed
 a

lg
ae
 o

n 
gr

az
in

g 
oy

ste
r 

la
rv

ae
 w

as 
de

sir
ed

.
To

ler
an

ce
 t

o 
m

et
als
 i

n 
ar

tif
ic

ia
l 

se
aw

at
er
 w

as 
mu

ch
 g

re
at

er
 t

ha
n 

in
 e

nr
ich

ed
 

na
tu

ra
l 

se
aw

ate
r, 

pr
es

um
ab

ly
 b

ec
au

se
 o

f 
th

e 
hi

gh
er
 c

on
ce

nt
ra

tio
n 

of
 m

eta
l 

lig
an

ds
 

in
 t

he
 f

or
me

r 
me

diu
m.
 

Gr
ow

th 
of
 M

. 
lu

th
er

i 
an

d 
I_. 

ga
lb

an
a 

wa
s 

in
hi

bi
te

d 
co

ns
id

­
er

ab
ly
 m

ore
 t

ha
n 

th
at
 o

f 
th

e 
ot

he
r 

te
st
 o

rg
an

ism
s 

by
 C

u 
an

d 
Cd
 a

lth
ou

gh
 t

hi
s 

di
f­

fe
re

nc
e 

di
d 

no
t 

oc
cu

r 
in
 m

ed
ia 

w
ith

 e
xc

es
s 

In
. 

Al
ga

e 
de

ve
lo

pe
d 

to
le

ra
nc

es
 t

o
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me
tal
 c

on
ce

nt
ra

tio
ns
 t

ha
t 

we
re 

gr
ow

th
 i

nh
ib

ito
ry
 u

po
n 

in
iti

al
 e

xp
os

ur
e.

S.
tra

in
s 

of
 I_

. 
ga

lb
an

a 
ad

ap
ted

 t
o 

gro
w 

in
 a
 m

ed
ium

 w
ith
 I

O 
mg

% 
Cu

Cl
^ 

(4
7.

3 
ppm

 
Cu

) 
or
 2

.5 
mg

í C
dC

l,, 
(1

5.
3 

pp
m 

Cd
) 

fe
d 

to
 1

ab
or

at
or

y-
re

ar
ed
 v

el
ig

er
 l

ar
va

e 
of

 
th

e 
oy

ste
r, 

Cr
as

so
st

re
a 

vi
rg

in
ic

a,
 i

nd
uc

ed
 p

oo
r 

gr
ow

th 
an

d 
hi

gh
 m

or
ta

lit
ie

s 
in
 g

ra
zin

g 
la

rv
ae

.
Th

ere
 a

re
 s

ev
er

al
 d

ire
ct

io
ns
 i

n 
wh

ich
 f

ut
ur

e 
re

se
ar

ch
 m

ay 
be
 a

im
ed

. 
In

ve
s­

tig
at

io
n 

in
to
 t

he
 c

on
ce

nt
ra

tio
n 

of
 m

eta
ls 

ac
cu

m
ul

ate
d 

by
 t

he
 a

lg
ae
 o

f 
bo

th 
ad

ap
ted

 a
nd
 n

on
-a

da
pt

ed
 s

tr
ai

ns
 w

ou
ld 

be
 o

f 
co

ns
id

er
ab

le
 i

nt
er

es
t. 

Fu
tu

re
 

re
se

ar
ch

 m
ig

ht 
ex

am
ine

 t
he
 e

ff
ec

t 
of
 a
 m

eta
l-c

on
ta

m
in

at
ed
 f

oo
d 

so
ur

ce
 o

n 
gr

ow
th 

of
 ju

ve
ni

le
 o

ys
te

rs
; 

ai
so
 a

n 
ex

am
in

ati
on
 o

f 
th

e 
po

ss
ib

ili
ty
 o

f 
m

ul
tip

le
 a

da
p­

ta
tio

ns
 -
 i

s 
th

e 
st

ra
in
 a

da
pt

ed
 t

o 
co

pp
er
 s

im
ul

ta
ne

ou
sly

 a
da

pt
ed
 t

o 
to

le
ra

te
 

ca
dm

ium
 o

r 
ot

he
r 

m
et

al
s?

A 
si

gn
ifi

ca
nt
 s

tu
dy

 w
as 

co
m

pl
ete

d 
on
 f

oo
d 

pr
ef

er
en

ce
s 

in
 j

uv
en

ile
 o

ys
te

rs
. 

An
 o

rig
in

al
 r

ea
rin

g 
ch

am
be

r 
wa

s 
de

sig
ne

d 
an

d 
co

ns
tru

ct
ed
 t

o 
m

in
im

ize
 v

ar
ia

tio
ns

 
in
 t

he
 r

ea
rin

g 
en

vi
ro

nm
en

t 
an

d 
to
 r

ed
uc

e 
m

ain
ten

an
ce
 t

im
e. 

A 
co

nt
in

uo
us
 f

lo
w 

of
 f

ilt
er

ed
, 

te
m

pe
ra

tu
re

-c
on

tro
lle

d,
 u

ltr
av

io
le

t-t
re

at
ed

 s
ea

w
at

er
 w

as
he

s 
th

e 
m

ol
lu

sc
s 

th
at
 a

re
 s

us
pe

nd
ed
 o

n 
a 

sc
re

en
 o

f 
ap

pr
op

ria
te
 s

iz
e.

Cr
as

so
str

ea
 v

irg
in

ic
a 

sp
at
 w

ere
 r

ea
re

d 
in
 t

hi
s 

ch
am

be
r 

on
 d

iff
er

en
t 

al
ga

l 
di

et
s.
 

Th
e 

ch
am

be
rs 

fu
nc

tio
ne

d 
ef

fe
ct

iv
el

y,
 o

ys
te

rs
 i

nc
re

as
ed
 i

n 
we

ig
ht
 a

nd
 

th
er

e  
we

re 
no
 m

or
ta

lit
ie

s 
in
 t

ho
se
 f

ed
 u

se
fu

l 
di

et
s 

du
rin

g 
13
 w

ee
ks
 o

f 
ob

se
rv

a­
tio

n.
 

Gr
ow

th 
of
 o

ys
te

rs
 w

as 
si

m
ila

r 
an

d 
ra

pi
d 

wh
en
 f

ed
 T

et
ra

se
lm

is 
m

ac
ul

ata
 

an
d 

Th
al

as
sio

sir
a 

ps
eu

do
na

na
, 

le
ss
 r

ap
id
 w

he
n 

fe
d 

D
un

al
ie

lla
 e

uc
hl

or
a, 

an
d 

de
cr

ea
se

d 
st

il
l 

fu
rth

er
 w

ith
 P

ha
eo

da
cty

lu
m 

tri
co

rn
ut

um
 a

s 
a 

fo
od
 s

ou
rc

e.'
 

Un
fed

 
oy

ste
rs
 a

nd
 t

ho
se
 f

ed
 C

hl
or

el
la
 a

ut
ot

ro
ph

ic
a 

bo
th
 s

ho
we

d 
no
 c

ha
ng

e.
Fu

tu
re
 r

es
ea

rc
h 

w
ill
 b

e 
di

re
ct

ed
 t

ow
ar

d 
in

ve
st

ig
at

io
n 

of
 t

he
 n

ut
rit

io
na

l 
va

lu
e 

of
 a

lg
ae
 f

or
 w

hic
h 

no
 i

nf
or

m
at

io
n 

is
 a

va
ila

bl
e.

Ot
he

r 
fe

ed
in

g 
st

ud
ie

s 
we

re
 c

on
du

cte
d 

wi
th
 C

_. 
vi

rg
in

ic
a 

ju
ve

ni
le

s 
in
 b

as
in

 
cu

ltu
re

, -
us

ing
 f

re
ez

e-
dr

ie
d 

al
ga

e 
as
 f

oo
d.
 

O
ys

ter
s 

fa
ile

d 
to
 g

row
 o

n 
th

is
 d

ie
t.
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Th
e 

pa
rti

cl
es
 f

ed
 w

er
e 

re
je

ct
ed
 i

n 
an
 a

bu
nd

an
t 

pr
od

uc
tio

n 
of
 p

se
ud

of
ec

es
. 

Ad
di­

tio
na

l 
wo

rk 
sh

ou
ld
 b

e 
co

nd
uc

ted
 t

o 
le

ar
n 

wh
y 

th
is
 d

rie
d 

fo
od
 i

s 
re

je
ct

ed
. 

Th
e 

el
uc

id
at

io
n 

of
 t

hi
s 

ph
en

om
en

on
 p

ro
ba

bl
y 

ho
ld

s 
im

po
rta

nt
 c

lu
es
 t

o 
un

de
rst

an
di

ng
 

th
e 

na
tu

re
 o

f 
th

e 
fe

ed
in

g 
pr

oc
es

s 
in
 C

_. 
vi

rg
in

ic
a.

(2
) 

St
oc

k 
cu

ltu
re
 c

ol
le

ct
! o

n 
- 

Th
e 

in
ve

st
ig

at
io

n 
m

ai
nt

ai
ns
 a
 c

ol
le

ct
io

n 
of

 
97
 s

tra
in

s 
of
 e

st
ua

rin
e 

un
ic

el
lu

la
r 

al
ga

e.
 

Al
l 

st
ra

in
s,
 w

ith
 t

hr
ee
 e

xc
ep

tio
ns

, 
ha

ve
 h

ee
n 

pu
rif

ie
d 

an
d 

ar
e 

no
w 

in
 a

xe
ni

c 
cu

ltu
re

, 
ea

ch
 i

n 
th

re
e 

ty
pe

s 
of
 m

ed
ium

. 
Su

bc
ul

tu
re

s 
of
 a

li 
st

ra
in

s 
ar

e 
co

nd
uc

ted
 a

cc
or

di
ng

 t
o 

a 
sc

he
du

le
, 

wh
ich

 r
an

ge
s 

fro
m 

2 
to
 8
 w

ee
ks

. 
St

ra
in

s 
in
 t

he
 c

ol
le

ct
io

n 
ar

e 
us

ed
 i

n 
ou

r 
ex

pe
rim

en
tal
 p

ro
­

ce
du

re
s, 

us
ed
 a

s 
st

ar
te

r 
cu

ltu
re

s 
fo

r 
th

e 
ma

ss 
cu

ltu
re
 e

ff
or

t, 
an

d 
ma

de
 a

va
ila

bl
e 

to
 q

ua
lif

ie
d 

ou
tsi

de
 i

nv
es

tig
at

or
s.

Sp
ec

ial
 s

tra
in

s 
ar

e 
ai

so
 m

ain
ta

in
ed
 b

y 
pe

rio
di

c 
su

bc
ul

tu
re
 i

n 
st

er
ili

ze
d 

gr
ow

th 
me

dia
, 

e.
g.

, 
st

ra
in

s 
ad

ap
ted

 t
o 

to
le

ra
te
 h

ig
h 

m
eta

l 
co

nc
en

tra
tio

ns
 a

na
 

a 
fre

sh
w

ate
r 

st
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in
 t

ha
i 
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 b

ein
g 

ad
ap

ted
 t

o 
to

le
ra

te
 s

ea
w

at
er

. 
Cu

ltu
re

s 
of

 
fo

od
 o

rg
an

ism
s 

in
 f

la
sk

s 
of
 l

ar
ge

-v
ol

um
e 

ca
pa

ci
ty
 a

ra
 a

is
o 

m
ain

ta
in

ed
 t

o 
pr

ov
id

e 
st

ar
te

r 
cu

ltu
re

s 
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r 
th

e 
se

m
i-c

on
tin

uo
us
 c

ul
tu

re
 s

ys
tem

.
(3

) 
Se

ra
i-c

on
tin

uo
us
 m

ass
 c

ul
tu

re
 s

ys
tem

 -
 T

hi
s 

sy
ste

m
, 

de
sig

ne
d 

to
 p

ro
du

ce
 

su
ff

ic
ie

nt
 b

iom
as

s 
to
 s

up
pl

y 
m

ol
lu

sc
s 

stu
di

ed
 a

t 
th

e 
M

ilf
or

d 
La

bo
ra

to
ry
 w

ith
 a

 
so

ur
ce
 o

f 
nu

tri
tio

n,
 c

on
si

st
s 

of
 3

0 
st

er
ili

ze
d 

5-
ga

llo
n 

Py
re

x 
ca

rb
oy

s. 
Ea

ch
 

cu
ltu

re
 i

s 
ha

rv
es

te
d 

we
ek

ly
 a

nd
 t

he
 d

isp
la

ce
d 

vo
lum

e 
is
 r

ep
la

ce
d 

by
 p

re
-s

te
ril

iz
ed

 
me

diu
m.
 

Th
e 

sp
ec

ie
s.c

ul
tu

re
d 

at
 p

re
se

nt
 a

re
 a

xe
ni

c 
st

ra
in

s 
of
 t

he
 f

ol
lo

w
in

g:
 

M
on

oc
hr

ys
is 

lu
th

er
i, 

Is
oc

hr
ys

is 
ga

lb
an

a, 
D

un
al

ie
lla

 e
uc

hl
or

a, 
Te

tra
se

lm
is 

m
ac

ul
ata

, 
an

d 
Th

al
as

sio
sir

a 
ps

eu
do

na
na

. 
Ev

ery
 e

ff
or

t 
is
 m

ad
e 

to
 k

ee
p 

th
es

e 
cu

ltu
re

s 
fr

íe
of
 b

ac
te

ria
l 

co
nt

am
in

at
io

n.
 

Th
e 

av
er

ag
e 

ha
rv

es
t 

pe
r 

mo
nth
 i

s 
ab

ou
t 

3,5
00

 m
l 

of
 

hi
gh
 d

en
sit

y.
 

Th
e 

in
ve

st
ig

at
io

ns
 t

ha
t 

re
ce

iv
e 

th
e 

ha
rv

es
te

d 
al

ga
e 

ar
e:
 P

hy
sio

­
lo

gi
ca

l 
Ef

fe
ct

s 
of
 P

ol
lu

ta
nt
 S

tre
ss

, 
Sp

aw
nin

g 
an

d 
Re

ar
in

g 
of

 M
ol

lu
sc

s, 
Pa

th
ob

io
lo

gy
, 

an
d 

Aq
ua

cu
ltu

ra
l 

G
en

et
ic

s.
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AQ
UA

CU
LT

UR
E

Aq
uoc

ull
ure
 r

t.oy
 b

e 
def

ine
d 

os 
flic

 c
ult

ure
 o

r 
hus

ban
dry

 o
f o

qao
lic
 o

nir
noi

s o
r p

lon
ls 

by 
pri

vó
le 

ind
ust

ry 
for
 c

om
me

rci
al 

pu
rpo

ses
 o

r 
by 

pub
lic 

age
nci

es 
fer
 a

ug
me

nti
ng
 ri

olu
rol
 s

loc
ks.
 W

ith
 th

e 
pcs

scg
e o

f t
he 

Na
lio

no!
 A

qu
ocu

ltu
re 

Ac
t o

f I
960

, 
Pu

bli
c 

Lo
w 

96-
362

, 
in 

Se
pte

mb
er 

198
0, 

it 
is 

inc
um

ben
t 

upo
n 

the
 S

ecr
eta

rie
s 

of 
Ag

ric
ult

ure
, 

Co
mm

erc
e 

end
 

Int
eri

or,
 

wh
ere
 a

pp
rop

ria
te,
 I

o

un
de

rta
ke 

o 
con

tin
uin

g 
ass

ess
me

nt 
of 

1he
 U

nite
d 

Sto
ics
 o

qu
ocu

llu
re 

ind
ust

ry.
 

Th
e 

fol
low

ing
 1o
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pre
sen

ts 
for
 

the
 

firs
t 

lim
e 

U.S
- 
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me

rci
al 

oqu
ocu

l lu
fc 

pro
duc

tio
n 

of 
rno

rin
e, 

bra
cki

sh,
 o

nd 
fre

shw
olc

r 
spe

cie
s. 

Inf
orm

atio
n 

on 
fre

shw
ate

r 
spe

cie
s 

wa
s 

obl
oin

ed 
fro

m 
the
 D

epa
rtm

ent
 o

f 
Ag

ric
ult

ure
 b

ase
d 

on 
1he

ir 
I96

0 
cat

fis
h 

ond
 tr

out
 

sur
vey

. 
-

U.S
. A

QU
ACU

LTU
RE 
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DU

CTI
ON

, B
Y S

PE
CIE

S, 
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9 A
ND 

198
0 

(1 )
Sp

eci
es 

197
9 

198
0

Th
ous

and
s 

Th
ous

and
s 

■ 
Th

ous
and

 
Th

ous
and

pou
nds

 
do

lla
rs 

pou
nds

 
do

lla
rs

Fis
h: Ca
tfis

h..
...

...
...

...
...

...
...

...
.. 

90
,60

0 
28

,PO
O 

76
,70

0 
53,

600
Sa

lro
n 

...
...

...
...

...
...

...
...

...
. 

2,9
00
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7,6

00
 

3,9
00

Tr
ou

t. 
..
..
..
..
..
..
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,00
0 

21
,00

0 
98

,00
0 

37,
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Sh
ell

fis
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ste

rs.
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...
...

...
...

...
...

...
...
 

6,C
00 

11
,60

0 
' 

. 7
,20

0 
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Cla
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. .

...
...

...
...

...
...

...
...

...
. 

-8,
90

0 
5,9

00
 

9,1
00

 
5,6

00
Shr

imp
 (p

raw
ns)

...
...

...
...

...
...
 

'__
__

-_
__

__
__

__
-_

__
__

__
__

_3
00_

__
__

__
3,2

00
To

tal
 (

2)
...

...
...

...
...

...
...

...
...

...
...

...
...

.8
3
,7

0
0
9
7
,7

0
0
1
9
8
,9

0
0
1
1
3
,6

0
0

(1)
 

Da
ta 

sho
wn
 a

re 
liv

e 
we

igh
t h

arv
est
 f

or 
con

sum
pti

on
 e

xc
ep

t f
or 

oy
ste

rs 
and

 cl
am

s w
hic

h a
re 

me
at 

we
igh

t. 
Da

ta 
fer
 o

ys
ter

s 
and
 c

lam
s 

are
 i

nc
lud

ed
 i

n 
com

me
rci

al 
lan

din
gs

. 
Ex

clu
ded

 a
re 

eg
gs

.-'i
ing

erl
ing

s, 
etc

. w
hic

h 
are

 an
 in

ter
me

dia
te 

pro
du

ct 
lev

el.
(2)

 
Th

ese
 e

sti
ma

tes
 d

o 
no

t 
inc

lud
e 

aq
ua

cu
ltu

re 
pro

du
cti

on
 f

or 
ali
 s

pe
cie

s 
suc

h 
as 

aba
lon

e, 
mu

sse
ls, 

str
ipe

d 
ba

ss,
 c

raw
fis

h 
et 

al
., 

wh
ich
 is

 e
sti

ma
ted

 to
 be

 ab
ou

t 1
2.0

 m
illi

on
 p

oun
ds.

No
te:—

Da
ta 

sho
wn
 i

n 
thi

s 
tab

le 
co

nta
in 

es
tim

ate
s. 

Som
e 

spe
cie

s 
ma

y 
no

t 
be
 s

how
n 

to 
avo

id 
dis

clo
sur

e o
f p

riv
ate

 e
nte

rp
ris

e. 
—

As
 e

xc
er

pt
ed

 f
ro

m 
"F

is
he

rie
s 

of
 t

he
 U

ni
ted

 S
ta

te
s,
 1

98
0 

(A
pr

il 
19

81
), 

Cu
rre

nt
 

Fi
sh

er
y 

St
at

is
tic

s 
No

. 
81

00
, 

U.
S.
 D

ep
t. 

Co
mm

erc
e, 

NO
AA

, 
N

ati
on

al 
M

ari
ne
 F

ish
er

ie
s 

Se
rv

ic
e.

 
.
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