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PHASE 
l 

D
ETERM

IN
A

TIO
N

 
OF 

D
IEL A

V
A

ILA
B

ILITY
 OF 

SEA
RO

BIN
S 

N
o

rth
ern

 and 
strip

e
d

 searo
b

in
s w

ere cau
g

h
t b

o
th

 in
 th

e
 

day and a
t n

ig
h

t as w
as 

th
e case in

 w
in

te
r. 

N
o

rth
ern

 searo
b

in
s w

ere 

cau
g

h
t in

 65%
 o

f 
th

e d
a
y

lig
h

t tow
s and 

71%
 o

f 
th

e n
ig

h
t to

w
s. 

S
trip

e
d

 

searo
b

in
s w

ere cau
g

h
t in

 35%
 o

f 
th

e d
a
y

lig
h

t tow
s 

and 
29%

 o
f th

e
 n

ig
h

t 

to
w

s. 

T
h

at n
o

rth
ern

 searo
b

in
 d

o
, 

on o
ccasio

n
, 

rise
 from

 
th

e b
o

tto
m

 

w
as 

in
d

ic
a
te

d
 by o

u
r w

ork o
f M

ay 
23. 

B
etw

een 1430 a~
d 1600 

tw
o 

tow
s 

n
ear 37° 1

0
' 

N
, 

75° 
4

0
' 

W
 y

ield
ed

 1475 pounds and 1000 p
o

u
n

d
s. 

W
e 

retu
rn

ed
 to

 th
e
 area a

fte
r d

ark
 and cau

g
h

t o
n

ly
 150 

pounds 
in

 th
e
 

firs
t tow

 and 
8 in

 th
e
 seco

n
d

. 
T

he 
ech

o
-so

u
n

d
er in

d
ic

a
te

d
 ap

p
reciab

le 

q
u

a
n

titie
s o

f fish
 above th

e bottom
 a

t n
ig

h
t. 

D
uring .the day som

e 
fish

 

h
ad

 b
een

 above th
e
 b

o
tto

m
, 

b
u

t th
e m

ajo
r co

n
cen

tratio
n

 w
as 

a
v

a
ila

b
le

 

to
 a 

tra
w

l. 
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PHASE 
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IN
TERV

IEW
 AND 

O
BSERV

A
TIO

N
 

In
fo

rm
atio

n
 co

n
cern

in
g

 th
e d

istrib
u

tio
n

 o
f fish

 and th
e 

q
u

a
n

titie
s a

v
a
ila

b
le

 w
as 

o
b

tain
ed

 th
ro

u
g

h
o

u
t th

e w
in

ter and 
sp

rin
g

 

seaso
n

s in
 42 

in
terv

iew
s w

ith
 13 c

a
p

ta
in

s. 
A

d
d

itio
n

al in
fo

rm
atio

n
 w

as 

o
b

tain
ed

 by th
re

e
 p

ro
je

c
t p

erso
n

n
el w

ho 
sp

en
t a 

to
ta

l o
f 

50 
days 

a
t 

sea on com
m

ercial tra
w

le
rs. 

T
hey o

b
tain

ed
 d

ata on 173 to
w

s. 
D

uring 

th
e
 w

in
ter m

onths 
th

e
 fle

e
t w

orked p
red

o
m

in
ately

 in
 th

e
 so

u
th

ern
 

q
u

a
rte

r o
f th

e
 p

ro
je

c
t a

re
a
. 

In
 A

p
ril th

e fle
e
t m

oved 
n

o
rth

 o
u

t o
f o

u
r 

area o
f 

stu
d

y
. 

S
ea 

ro
b

in
s w

ere 
rep

o
rted

 as 
re

a
d

ily
 a

v
a
ila

b
le

 in
 off":' 

. 
sh

o
re w

aters 
(30-50 fm

) 
d

u
rin

g
 th

e w
in

ter m
onths 

and from
 in

sh
o

re 

w
aters 

(6
-1

0
 fm

) 
d

u
rin

g
 th

e 
sp

rin
g

 and sum
m

er m
onths. 

S
p

in
y

 d
o

g
fish

 

w
ere rep

o
rted

 as 
u

n
u

su
ally

 ab
u

n
d

an
t th

is w
in

ter w
ith

 one o
b

serv
er 

rep
o

rtin
g

 a 
catch

 o
f 

70,000 lb
s in

 1 d
ay

. 

S
in

ce th
ere. is

 v
irtu

a
lly

 no fish
in

g
 e

ffo
rt by tra

w
le

rs 

so
u

th
 o

f C
hesapeake B

ay d
u

rin
g

 th
e sum

m
er ffionths, 

th
e
re

 is
 a 

p
au

city
 

o
f 

in
fo

rm
atio

n
 co

n
cern

in
g

 d
istrib

u
tio

n
 and abundance o

f fish
 
in

 th
is 

a
re

a
. 

,. 
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PHASE 
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D
ESIG

N
 OF SA

M
PLIN

G
 

PLAN AND 
PROCUREM

ENT OF 
CHARTER 

V
ESSEL 

T
he 

sam
p

lin
g

 program
 w

as 
d

esig
n

ed
 
to

 d
ev

o
te 

th
e 

firs
t y

ear to
 d

e
s

c
rib

in
g

 th
e d

istrib
u

tio
n

 o
f 

fish
e
s 

and 
th

e 
second y

ear to
 a

sse
ssin

g
 

th
e
ir a

v
a
ila

b
ility

. 
T

he d
istrib

u
tio

n
 o

f 
sam

p
lin

g
 sta

tio
n

s w
as. b

ased
 on 

in
fo

rm
atio

n
 o

b
tain

ed
 
in

 
P

hase 
2 and on 

a 
su

rv
ey

 o
f 

th
e lite

ra
tu

re
. 

T
he 

num
ber o

f 
sta

tio
n

s w
as 

larg
.ely

 d
eterm

in
ed

 by 
th

e am
ount 

o
f 

v
e
sse

l tim
e· 

and by w
eath

er c
o

n
d

itio
n

s. 
T

he 
sam

pl~
ng 

schem
e 

fo
r 

th
e 

second y
ear w

as 

b
ased

 
on 

th
e d

a
ta

 c
o

lle
c
te

d
 in

 th
e firs

t. y
ear. 

D
e
ta

ils 
o

f 
th

e sam
p

lin
g

 

p
a
tte

rn
s, 

in
clu

d
in

g
 p

o
sitio

n
 o

f each
 sta

tio
n

, 
k

in
d

 
o

f g
e
a
r u

sed
, 

hydro~
 

. 
g

rap
h

ic and b
io

lo
g

ic
a
l d

a
ta

, 
a
re

 
p

resen
ted

 u
n

d
er 

th
e a

p
p

ro
p

ria
te

 
phase 

re
p

o
rts w

hich 
fo

llo
w

. 

W
e 

m
ade 

in
q

u
irie

s ab
o

u
t th

e
 c

h
a
rte

r o
f m

ore 
th

an
 10 v

e
sse

ls. 
P

rices 

ask
ed

 
fo

r a 
m

o
n

th
's c

h
a
rte

r ran
g

ed
 from

 $
2

0
,0

0
0

 
to

 $
6

,0
0

0
. 

Som
e 

o
f 

th
e 

vesse_ls w
ere 

to
o

 sm
all o

r in
ad

eq
u

ately
 eq

u
ip

p
ed

. 
W

e 
co

n
tracted

 w
ith

· th
e 

W
ilto

n
 T

raw
lin

g
 C

o
rp

o
ratio

n
 fo

r 
th

e 92 
fo

o
t 

tra
w

le
r SEA

 BREEZE 
on 

a 
tria

l 

b
a
sis 

fo
r 

th
e 

firs
t su

rv
ey

. 
T

he 
v

e
sse

l proved 
sa

tisfa
c
to

ry
 and 

w
as 

su
b



seq
u

en
tly

 c
h

a
rte

re
d

 fo
r th

e rem
ain

in
g

 w
ork. 
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PHASE 
4 

W
IN

TER D
ISTR

IB
U

TIO
N

 
OF 

FISH
E

S 

T
ne 

p
o

rtio
n

 o
f th

e c
o

n
tin

e
n

ta
l sh

e
lf u

n
d

er in
v

e
stig

a
tio

n
 

ex
ten

d
s from

 
th

e reg
io

n
 o

f C
ape M

ar-W
ilm

ington C
anyon to

 C
ape 

H
a
tte

ra
s, 

an
 area o

f ap
p

ro
x

im
ately

 1
0

,6
0

0
 sq

u
are m

ile
s. 

In
 th

e
 w

in
ter o

f 1966 

th
e
 q

u
a
n

titie
s o

f 
sp

in
y

 d
o

g
fish

 and 
n

o
rth

ern
 searo

b
in

 in
 th

e
 so

u
th

ern


p
o

rtio
n

 o
f 

th
e area w

ere en
co

u
rag

in
g

 from
 th

e. stan
d

p
o

in
t o

f d
ev

elo
~

in
g

 

a 
bottom

 tra
w

l fish
e
ry

. 
S

q
u

irre
l h

a~
e, 

sp
o

tted
 h

ak
e, 

and 
silv

e
r h

ak
e 

w
ere le

ss ab
u

n
d

an
t th

an
 d

o
g

fish
 and seav

o
b

in
, 

b
u

t p
ro

b
ab

ly
 co

u
ld

 c
o

n
tri

b
u

te sig
n

ific
a
~

t q
u

a
n

titie
s to

 a 
fish

e
ry

 b
ased

 on som
e 

o
th

e
r sp

e
c
ie

s. 

T
hese 

co
n

clu
sio

n
s a

re
 b

ased
 on d

ata.fro
m

 o
n

ly
 one ·c

ru
ise

, 
and 

th
e
re

fo
re

 
. 

a
re

 su
b

je
c
t to

 re
v

isio
n

. 
W

e 
traw

led
 a

t 52 
sta

tio
n

s and 
each

 tra
w

l tow
 

co
v

ered
 one m

illio
n

th
 o

f 
th

e p
ro

je
c
t area 

(ab
o

u
t 31,000 sq

u
are y

a
rd

s). 

D
epths 

sam
pled w

ere from
 10 to

 100 fathom
s 

b
u

t m
ore 

sam
ples w

ere o
b

tain
ed

 

from
 th

e
 

30-50 fathom
 ran

g
P

-th
an

 from
 o

th
e
r d

ep
th

s. 
S

u
rface and b

o
tto

m
 

. 
. _,,, 

tem
p

eratu
res and 

s
a
lin

itie
s
 w

ere 
ro

u
tin

e
ly

 c
o

lle
c
te

d
 b

efo
re com

m
ence

,e
n

t o
f th

e
 traw

lin
g

 o
p

eratio
n

 on each o
f th

e
 

52 
sta

tio
n

s. 

W
e 

d
id

 n
o

t sam
ple th

e m
id

w
aters, 

b
u

t th
e 

echo so
u

n
d

er w
as 

u
sed

 

to
 d

e
te

c
t p

resen
ce o

r ab
sen

ce o
f fish

 
above 

th
e b

o
tto

m
. 

S
u

ch
.traces 

w
ere a

rb
itra

rily
 ra

te
d

 as 
n

o
n

e, 
slig

h
t, 

m
o

d
erate, 

and h
eav

y
. 

O
f 

th
e
 52 

sta
tio

n
s, 

17%
 h

ad
 no 

in
d

ic
a
tio

n
 o

f m
idw

a~
er fish

, 
54%

 h
ad

 slig
h

t in
d

i

c
a
tio

n
s, 

13%
 had m

o
d

erate in
d

ic
a
tio

n
s, 

and 
4%

 had h
eav

y
 in

d
ic

a
tio

n
s. 

C
o

llectio
n

s o
f 

sp
ecies 

in
 th

e m
id

w
aters fo

r id
e
n

tific
a
tio

n
 w

as 
n

o
t fe

a
sib

le
 

w
ith

 o
u

r g
e
a
r, 

b
u

t w
e 

assum
e 

th
a
t silv

e
r h

ak
e, 

A
tla

n
tic

 m
ack

erel,-
and 

v
ario

u
s 

sp
ecies o

f A
losa w

ere am
ong·the sp

ecies acco
u

n
tin

g
 fo

r th
e
 tra

c
e
s 

on th
e
 echo so

u
n

d
er. 
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S
am

pling g
e
a
r u

sed
 w

as 
a 

sem
ib

allo
o

n
 tra

w
l h

av
in

g
 a 

h
ead



ro
p

e 45 
fe

e
t 

lo
n

g
 and fo

o
tro

p
e 

56 
fe

e
t lo

n
g

. 
T

ne n
e
t w

as 
com

posed 
o

f 

n
y

lo
n

 n
e
ttin

g
 o

f 
th

e
 fo

llo
w

in
g

 m
esh 

and th
read

 
siz

e
s: 

body, 
1

-3
/4

u
 

stre
tc

h
 m

esh 
#15 

th
d

.;. in
te

rm
e
d

ia
te

, 
1

-1
/2

" stre
tc

h
 m

esh 
#18 

th
d

.; 

codend, 
1

-9
/1

6
" stre

tc
h

 m
esh 

#30 
th

d
.; 

codend in
te

rlin
e
r, 

1
/2

" 
stre

tc
h

 

m
esh 

#126 
th

d
. 

T
he 

tra
w

l w
as 

fish
e
d

 
on a 

b
rid

le
 in

 an
 attem

~
t to

 

red
u

ce change in
 n

e
t c

o
n

fig
u

ra
tio

n
 re

su
ltin

g
 from

 change in
 ra

tio
 o

f 

w
ater d

ep
th

 to
 len

g
th

 o
f 

to
w

in
g

 w
arp. 

A
 sw

iv
el a

t th
e 

end 
o

f 
th

e
 w

arp 

w
as 

n
ecessary

 to
 p

rev
en

t tw
istin

g
 o

f 
th

e b
rid

le
. 

Tow
s 

w
ere o

f 
30 

m
in

u
tes d

u
ra

tio
n

. 
W

e h
av

e n
o

t y
e
t attem

p
ted

 to
 re

la
te

 catch
es 

in
 th

ese 

sh
o

rt tow
s 

w
ith

 a 
sm

all n
e
t to

 th
e p

ro
d

u
ctio

n
 o

f 
la

rg
e
r com

m
ercial.;. 

sc
a
le

 g
e
a
r. In

 th
is 

re
p

o
rt w

e 
p

re
se

n
t a 

sum
m

ary o
f 

th
e re

su
lts o

f 
o

u
r firs

t 

w
in

ter cru
is·e. 

W
e h

av
e n

o
t in

co
rp

o
rated

 
in

fo
rm

atio
n

 a
v

a
ila

b
le

 from
 

o
th

e
r so

u
rces n

o
r h

av
e we_ attem

p
ted

 to
 com

pare o
u

r d
ata w

ith
 

th
o

se o
f 

o
th

e
rs. 

A
t th

is 
p

o
in

t in
 th

e
 
in

v
e
stig

a
tio

n
 w

e 
fe

e
l th

a
t co

n
clu

sio
n

s 

.' 
co

n
cern

in
g

 the· p
o

te
n

tia
l o

f 
th

e v
ario

u
s 

sp
ecies w

ould 
be p

rem
atu

re. 

D
istrib

u
tio

n
 o

f m
ost o

f 
th

e sp
ecies 

changes 
se

a
so

n
a
lly

. 
Som

e 
k

in
d

s 
th

a
t 

w
ere 

com
m

on 
in

 w
in

ter w
ill be-

scarce in
 o

th
e
r seaso

n
s, 

and 
co

n
v

ersely
, 

som
e 

sp
ecies 

tak
en

 o
n

ly
 ra

re
ly

 in
 w

in
ter w

ill be 
com

m
on 

in
 o

th
e
r seaso

n
s. 

S
um

m
arized 

below
 a

re
 d

ata co
n

cern
in

g
 d

istrib
u

tio
n

 and abundance 
o

f 

fish
e
s. 

T
he 

o
rd

er in
 w

hich 
th

e 
sp

ecies 
a
re

 d
iscu

ssed
 
is

 
n

o
t in

ten
d

ed
 

to
 im

p
ly

 p
o

te
n

tia
l com

m
ercial sta

tu
s 

ex
cep

t th
a
t th

e fo
u

r sp
ecies o

f 

g
re

a
te

st im
p

o
rtan

ce in
 th

e
 w

in
ter tra

w
l fish

e
ry

 o
f th

e
 M

id
-A

tlan
tic 

B
ig

h
t a

re
 lis

te
d

 la
s
t. 

T
ab

le 1 
sum

m
arizes freq

u
en

cy
 o

f 
o

ccu
rren

ce, 

d
ep

th
 ran

g
e, 

tem
p

eratu
re ran

g
e, 

and la
rg

e
st catch

 fo
r th

e
 m

ore 
ab

u
n

d
an

t 

s.p
ecies. 

O
f 

th
e 

SO
 

sp
ecies 

cau
g

h
t, 

th
e
 

24 o
ccu

rrin
g

 in
 5 o

r few
er 

· sam
ples a

re
 lis

te
d

 in
 T

ab
le 

2 and w
ill n

o
t be fu

rth
e
r d

iscu
ssed

 in
 th

is 

re
p

o
rt. 
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I 

-
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-
PHASE 

4 

SPIN
Y

 D
O

G
FISH

 

T
he 

m
ost fre

q
u

e
n

tly
 cau

g
h

t fish
, 

th
e sp

in
y

 d
o

g
fish

, 
S

au
alu

s 

a
c
a
n

th
ia

s, 
o

ccu
rred

 in
 42 

sam
ples and 

in
.a

ll d
ep

th
 and 

tem
p

eratu
re ran

g
es. 

H
ow

ever., 
th

e m
ajo

r co
n

cen
tratio

n
 w

as 
in

 th
e
 

so
u

th
ern

 se
c
to

r o
f th

e
 sam

p
lin

g
 

area •
. S

outh o
f 

36 ° N
 la

titu
d

e
 th

e av
erag

e catch
 o

f. a
d

u
lts in

 6 tow
s w

as 

139 
( 445 

p
o

u
n

d
s). 

~
etw

een 36.
0 

N
 and 

3
7

° N
 th

e av
erag

e catch
 in

 15 

tow
s w

as 
1

3
 a

d
u

lts 
(42 

p
o

u
n

d
s). 

B
etw

een 3
7

° N
 and 

3
8

° N
 th

e av
erag

e o
f 

1
8

 tow
s 

w
as 

9 
(29 

pounds) and 
n

o
rth

 o
f 

38° N
 th

e
 av

erag
e w

as 
4 

(13 pounds) 

in
 11 to

w
s. 

A
lthough d

o
g

fish
 w

ere 
cau

g
h

t th
ro

u
g

h
o

u
t th

e
 

ran
g

e o
f d_epths 

and 
tem

p
eratu

res 
sam

p
les, 

th
ey

 w
ere m

ost ab
u

n
d

an
t shorew

ard o
f 

th
e
 

50 

fat~
om

 cu
rv

e and 
in

 th
e 

6
° to

 
8

° C
 (4

3
° 

-
46° 

F
) tem

p
eratu

re ran
g

e. 

T.ne 
la

rg
e
st catch

 in
 a 

tow
 w

as 
2000 

pounds! 
In

 8 tow
s 

th
e
 catch

 w
as 

. 
100 pounds 

o
r m

ore. 
D

istrib
u

tio
n

 o
f young o

v
erlap

p
ed

 th
a
t o

f a
d

u
lts 

co
n

sid
erab

ly
, 

b
u

t young w
ere 

scarce in
 w

ater sh
allo

w
er th

an
 30 

fath
o

m
s. 

NORTHERN SEA
RO

BIN
 

N
o

rth
ern

 searo
b

in
, 

P
rio

~
o

tu
s 

c
a
ro

lin
u

s, 
o

ccu
rred

 in
 38 

sam
ples 

f·rom
 

d
ep

th
s 

ran
g

in
g

 from
 12 

to
 100 fathom

s· and 
tem

p
eratu

res ran
g

in
g

 .from
 . 

5
° to

 9
° C

 (4
1

°-4
8

° F
). 

H
ow

ever, 
a
ll catch

es 
o

f 
25 

pounds 
o

r m
ore 

p
er 

tow
 w

ere m
ade 

a
t tem

p
eratu

res 
o

f 
6 o

r 
7° C

 and d
ep

th
s 

betw
een 20 

and 

50 
fath

o
m

s. 
7~e 

la
rg

e
st catch

 in
 a 

tow
 w

as 
2550 

pounds. 
T

hree catch
es 

w
ere 

betw
een 1000 and 

2000 
pounds and 

5 cat'ch
es w

ere betw
een 100 and 

-
1000 

pounds. 
Tw

o 
co

n
cen

tratio
n

s o
f n

o
rth

ern
 searo

b
in

s w
ere in

d
ic

a
te

d
 by 

th
e d

istrib
u

tio
n

 o
f 

c
a
t~

e
s 6£ 

100 
pounds 

o
r m

ore 
p

er-to
w

. 
O

ne 
o

f 
th

e
se

 

co
n

cen
tratio

n
s 

o
ccu

rred
 a

t d
ep

th
s 

o
f 

38 
to

 50 
fathom

s 
betw

een 37° 
27

1 
N

 

and 
37° 

55
1 

N
. 

T
he 

o
th

e
r co

n
cen

tratio
n

 w
as 

a
t 20 

to
 

50 
fathom

s 
betw

een 

35° 
59

1
-N

 and 
36° 

2
9

' 
N

. 
T

he 
n

o
rth

ern
 searo

b
in

 w
as.fo

u
n

d
 in

 sm
all 

.i~
 

num
bers 

o
v

er th
e e

n
tire

 sam
p

lin
g

 a
re

a
. 

Y
oun£[ 

w
ere 

tak
en

 in
 

7 to
~

s, 
a
ll 

in
 w

ater sh
o

a
le

r th
an

 50 
fath

o
m

s. 
T

ne 
d

istrib
u

tio
n

 o
f th

e
 young 

e
x

te
n

siv
e
ly

 

o
v

erlap
p

ed
 th

a
t o

f th
e
 a

d
u

lts. 



..: 
4 

-
PHASE 

-
-
-
-
-
-
-
-
-
·· 

th
e n

o
rth

e~
n

 se~
rq

~
in

 aud 
~

o
t 

so
 g

en
e~

ally
 d

istrib
u

te
d

 • 
T

 . .n e 
strip

e
d

 

.c 
· • 

,., 
· 

1·'as 
o,.. 

0 
-ro 

8 ° 
C

 
( 4

3
 ° 

-
4o,-

0 
1:T"'I). 

~a~~om
s. 

~
em

~
era~

ure 
ra

~
g

e
"
 

~
 

T
ne 

la
rg

e
st 

.,_ 
...... 

7
~ 

• 
1

t 
. 

. 
2 

•, 
·-

ca 1
..C

1
1

 w
o.s 

_,,;, 
acu_,_ 

s 
an

q
 

,) uveni-L
es. 

T
he 

northerT
huost sta

tio
n

 o
f 

occurre:1ce w
as 

6
1

 fcithom
s 

a
t 

3
8

 ° 
0

2
 r 

N
 and th

e
 so

u
th

ern
m

o
st W

eis 
1

8
 fcithom

s 

a
t 

3
5

° 
39r 

~
. 

Y
ou~g 

o
ccu

rred
 in

 b~'C
 

3 to
w

s, 
a
ll on b

o
tto

m
s 

sh
o

a
le

r th
an

 

4
0

 £cithom
s. 

S
IL

V
~

R
 clA

K
.3 A

lso
 know

n 
ciS

 
w

h
itin

g
, 

th
e silv

e
r h

ak
e, 

K
erlu

cciu
s 

b
ilin

e
a
~

is
,. 

W
ciS 

cau
g

h
t a-c 

32 sta
tio

n
s 

t:-,.rough 
a 

de;rth 
ran

g
e 

o
f from

 1
1

 to
 

1
0

0
 fathom

s 

S
ilv

e
r h

ak
e w

ere 

solliew
n~t m

ore 
abunda:r,t 

in
 th

e rio
rth

ern
 se

c
to

r o
f 

th
e
 sam

p
lin

g
 a

re
a
, 

a
ll 

catc:"".es 
o

f 
1

0
 o

r i:iO
re 

p
er tow

 
(1

0
 

to
w

s) 
b

ein
g

 m
ade 

n
o

rth
 o

f 
3

7
 ° 

N
 

la
titu

d
e
. 

~n 
5 tow

s 
th

e catch
 w

as 
25 

o
r ffiore 

in
d

iv
id

u
a
ls 

and 
th

e
 m

ax
i-

~ura 
catci1 

~n 
a 

tow
 w

as 
325 

p
o

u
n

cs. 
Y

om
-.g 

o
ccu

rred
 rr,ost fre

q
u

e
n

tly
 in

 

w
ater sh

o
a
le

r th
an

 25 
fo~

how
s, 

w
hereas 

a
d

u
lts 

o
ccu

rred
 m

o
stly

 in
 d

eep
er 

w
a-cer. 

'i'he 
sq

u
irre

l ha1<.e, 
U

roD
::vcis 

ch
u

ss, 
is

 co;r.rnonly c
a
lle

d
 red

 h
a~

e 

I
t o

ccu
rred

 in
 33 

Scim
ples 

en
co

m
p

assin
g

 a 
d

ep
th

 
ran

g
e o

f £~om
 

1
3

 'to 
.3...00 

fcithom
s 

anci 
a 

tem
pera'tur'e rar.ge o

f 
4 ° to

 
8 ° C

 ( 39_
0 

-
46 ° :::'). 

T
n

e ;:.axim
um

 catc..."-1 
::n a 

tow
 w

o.s 
1

0
0

 
pounds. 

A
ll catch

es o
f 

1
0

 o
r m

ore 

cid~l~s 
p

e
r tow

 w
ere norw

~ 
o

f 
37° 

K
 la

titu
d

e
 and you~g w

ere 
tak

en
 o

n
ly

 

~
 

nor~
h o

f 
th

Q
t par~.3...lel. 

D
istrib

u
tio

n
s o

f 
young and 

a
d

u
lts o

v
erlap

p
ed

 

4 



-
5 

-
···--

.-
-----------------· 

co
n

sid
era~

ly
, 

b
u

t young w
ere 

n
o

t cau
g

h
t in

 w
ater d

eep
er th

an
 40 

fath
o

m
s. 

A
d

u
lts w

ere m
ore 

ab
u

n
d

an
t a

t d
ep

th
s g

reate·r th
an

 
30 

fathom
s 

th
an

 in
 

sh
o

a
le

r w
aters.· 

SParT
E

D
 

HAKE 

'n'1e 
sp

o
tted

 h
ak

e, 
o

r lin
g

, 
U

ronhycis 
reg

iu
s., 

w
as 

ca';.lght 
in

 26 

tow
s 

sp
an

n
in

g
 a 

d
ep

th
 

ran
g

e o
f 12 to

 98 
fath

o
m

s 
and a 

tem
p

eratu
re 

ran
g

e 

o
f 

4
° to

 1
2

° C
 (3

9
° 

-
5

4
° F

). 
7ne la

rg
e
st catc~h 

in
 a 

tow
 w

as 
28 

p
o

u
n

d
s. 

T
h

is 
sp

ecies w
as 

ra~
ely

 cau
g

h
t r.or~h 

o
f 

37° N
 la

titu
d

e
 c,r-.d 

seem
s 

to
 

rep
lace th

e 
sq

u
irre

l h
ak

e in
 th

e
 

so
u

th
ern

 p
o

rtio
n

 o
f th

e
 p

ro
je

c
t a

re
a
. 

Y
oung w

ere n
o

t cau
g

h
t d

e~
p

er th
an

 30 
fath

o
m

s, 
b

u
t a

d
u

lts 
seem

ed 
to

 o
ccu

r 

ra
th

e
r ge:::1erally 

t
1·lrough 

th
e 

ran
g

e o~ 
dept:hs 

sam
pled·. 

A
LEW

IFE 

T
he 

a
le

w
ife

, 
A

losa 
D

S
eudoharenqus, 

one o
f th

e
 
riv

e
r h

e
rrin

g
s, 

w
as 

cau
g

h
t in

 8 tow
s 

rang~
ng in

 d
ep

th
 from

 1
1

 to
 

50 
fath

o
m

s 
and in

 
. 

tem
p

eratu
re from

 
4° to

 
7° C

 (3
9

° 
-

45° F
). 

P
ro

b
ab

ly
 o

u
r o

tte
r tra

w
l 

. 
1 catch

es a
re

 in
ad

eq
u

ate to
 in

d
ic

a
te

 t~
e d

istrib
u

tio
n

 o
f 

th
e
 p

e
la

g
ic

 ale-

w
ife. 

Y
oung 

w
ere tak

en
 in

 d
ep

t~
s ~o 

26 
fath

o
m

s 
and a

d
u

lts w
ere m

ost. 

o.bt.m
dc:.;"lt 

in
 th

e 
sa,.Le 

ran
g

e. 
S

arr.pling w
ith

 a 
m

id
w

ater tra
w

l ·w
ill be 

n
ecessary

 to
 a

sc
e
rta

in
 th

e d
istrib

u
tio

n
 and abundance o

f 
th

is 
sp

e
c
ie

s. 

B
LU

E:3A
C

K
 

A
lso

 know
n 

as g
lu

t h
e
rrin

g
, 

A
lo

sa a
e
stiv

a
lis, 

is
 
sim

ila
r ·to th

e
 

alew
i~

e. 
?ro

b
ab

ly
 o

u
r sam

ples a
re

 n
o

t re
p

re
se

n
ta

tiv
e
 o

f o
ccu

rren
ce o

f 

th
is 

p
e
la

g
ic

 sp
e
c
ie

s. 
Ju

v
en

ile 
b

lu
eb

ack
 w

ere 
tak

en
 in

 6 tow
s 

in
 d

ep
t~

s 

ran
g

in
g

 fro
~

 1
1

 to
 

30 
fQ

thom
s 

from
 

38° 1
7

t 
N

 to
 

3
6

° 18
1 

N
. 

T
em

p
eratu

re 

,~
 

ran
g

e w
as 

4° to
 

7
° C

 (3
9

° 
-

4
5

°F
). 

A
d

u
lts w

ere ta
k

e
n

 in
 o

n
ly

 one sam
p

le. 



.-
6' 

-

PHASE 

'Ih
e.A

tla~
tic h

e
rrin

g
, 

C
l~

oea h
aren

q
u

s, 
lik

e
 th

e
 riv

e
r h

errin
g

s~
 

is
 p

rim
a
rily

 a 
p

e
la

g
ic

 fish
 and w

as 
in

ad
eq

u
ately

 sam
pled w

ith
 o

u
r 

o
tte

r tra
w

l. 
N

ev
erth

eless, 
th

e
 

sp
ecies w

as 
rep

resen
ted

 in
 1

4
 c

a
tc

h
e
s. 

~
'le m

axim
rnn 

cat~°'1 
in

 a 
tow

 w
as 

.:..15 
pour,ds. 

D
istrib

u
tio

n
. w

as 
g

e
n

e
ra

l 

in
sid

e
 th

e
 

50 fathom
 co

n
to

u
r frora th

e n
o

rth
ern

 lim
it o

f 
tl-,e 

p
ro

je
c
t a

re
a
 

to
 

36 ° 
N

 la-citu
d

e. 
T

em
p

eratu
re rar,ged from

 
4 ° to

 
7° C

 
(3

9
 °-45 ·° 

F
). 

O
nly tw

o 
ju

v
e
n

ile
s w

ere 
cau

g
h

t. 

A
TLA

N
TIC ~..ACKEREL 

T
he 

1
5

 
sam

ples 
co

n
tai~

in
g

 m
ack

erel; 
S

cow
ber sco

~
~

ru
s, 

w
ere 

o
b

tain
ed

 a
t 50 

fathom
s 

o
r le

ss 
som

:h o
f 

37 ° 
3

0
' 

N
. 

'Ihe 
tem

p
eratu

re 

rar-,ge 
w

as 
6° to

 1
2

° C
 (4

3
°-5

4
°·F

). 
G

re
a
te

st abundance w
as 

in
 ab

o
u

t 20 

fathoras 
a
t 

7° 
C

. 
T

ne 
la

rg
e
st catch

 w
as 

55 
fish

. 
Y

oung 
w

ere 
tak

en
 a

t 

3 
sta

tio
n

s a
t d

ep
th

s 
o

f 
3

0
, 

4
0

,"an
d

 
50 

fat:.i.~om
s. 

M
idw

ater tra
w

lin
g

 w
ill 

be n
ecessary

 to
 a

sse
ss 

th
e 

tru
e
 d

istrib
u

tio
n

 and abundance o
f 

th
is 

sp
e
c
ie

s. 

W
IN

TER FLOJX°::JER 

X
ore g

e
n

e
ra

lly
 ~---:.own 

as 
b

lack
b

ack
, 

Pse:..:.do:)lcu::-o:-:ectes 
2.";:-.e::-::.car.'...lS, 

o
ccarrec 

i:i 
7 catch

es 
sh

o
a
le

r th
an

 
35 

fathom
s 

n
o

rth
 o

f 
36° 

4
5

' 
N

. 
T

em
pera-

.:.. ... ,..e 
"ol'\---c=-

w
-s

 
r. 

0 
.... 0 

,,.. 
0 

,..., 
( ~c o_/.3 

0 
"-1.4.&

. 
.... c..~

•.;C
 

a 
..,. 

\,. 
0 

\... 
~
~
 

..,. 
F

). 
tow

 w
as 

15 w
eig

h
in

g
 le

ss 
th

an
 10 pounds. 

Y
oung 

w
ere n

o
t cau

g
h

t. 

T
he 

y
e
llo

w
ta

il, 
... . 

... 
-

. 
L

~
~

a~
ca 

=
2rr~

cr~
~

ea, 
o

ccu
rred

 
in

 6 o
f' 12 

sam
p

les 

nor-th o
f 

38° N
 la

titu
d

e
. 

p
ep

tl) ra:1ge 
w

as 
19 to

 
44 fath

o
m

s;· ter:-lperature 

rar.g
e, 

5
° to

 
8

° C
 (4

1
°-4

6
° ~

). 
B

oth your.g and a
d

u
lts 

w
ere 

cau
g

h
t, 

b
u

t th
e
 

·la
rg

e
st cat~'-1 

w
as 

o
n

ly
 4 in

d
iv

id
u

als~
 



-
7 

-
. ·PHASE 

W
IN

D
O

,lPA
?\93 T'ne 

w
indow

pane, 
o

r d
a
y

lig
~

t flo
u

n
d

er, 
S

coD
hthalm

us acu
o

su
s, 

o
ccu

rred
 in

 w
ater sh

o
a
le

r th
an

 25 
f a~~oilis 

so
u

th
 o

f 
38 ,. 

N
 la

titu
d

e
. 

~
e~

p
eratu

re ran
g

e w
as 

4° to
 

7° C
 (3

9
°-~

5
° F

). 
T

he 
la

rg
e
st catch

 w
as 

21 

fish
 w

eig
h

in
g

 le
ss 

th
an

 1
0

 pounds. 
Y

oung 
w

ere 
n

o
t cau

g
h

t. 

C
LE

A
R

N
O

S
E

 
S

K
A

T
E

 

T
~

e 
clear~

o
se sk

a
te

, 
~

a~
a 

e
q

:a
~

te
ria

, 
o

ccu
rred

 in
 

8 
sam

p
les, 

a
i~

 t&
~en 

so
u

t~
 o

f 
37° 

32: 
N

. 
7he d

ep
th

 ran
g

e w
as 

12 to
 52 

fath
o

~
s, 

afid 

th
e
 tew

~
eratu

re 
ran

g
e 

5° to
 

7° C
 (4

1
°-4

5
° F

). 
?n

e la
rg

e
st catch

 w
as a· 

a
d

u
lts. 

Y
ou~g 

w
ere n

o
t cau

g
h

t. 

LIT':'L:':! 
SK

A
':'3 

rr,.. -
.... c: 

l::;:tle 
o

cc~
rred

 rro
~

 th
e
 n

o
rth

ern
 edge 

o
f th

e
 sam

,~
in

g
 area 

so
u

t~
 to

 
36° 

31• 
N

 la
titu

d
e
 b

u
t w

as 
n

o
t ab

u
n

d
an

t.· 

T:'le 
lc:.rg

est catch
 w

&
s 

3 a
d

u
lts 

a~
d 

lO
 

young r 
ar,d 

o
n

ly
 9 sam

p
les 

in
clu

d
ed

 
. 

.
.
/
' 

th
is 

s~
e
c
ie

s. 
D

epth ran
g

e w
as 

12 
to

 
47 fath

o
m

s 
and tem

~
eratu

re ran
g

e 

w
as 

4
°.to

 
7° C

 (3'9°-45° F
). 

u
istri~

u
tio

n
 o

f 
young and a

d
u

lts 
o

v
erlap

p
ed

 •. 

O
C

BAN
 

P
O

JT
 

latit'-4
d

e. 
D

epth ran
g

e w
as 

26 
to

 
50 

fathoi.~s 
o.nd 

tem
p

eratu
re ran

g
e w

as 
6 ° 

T.--ie 
la

rg
e
st c&

tc:. w
as 

19 
a
d

u
lts anG

 
4 young. 

Y
our,g 

w
ere 

ca·~
ght 

~
w

ice 
and 

w
ere a

sso
c
ia

te
d

 w
ith

 a
d

u
lts 

on b
o

th
 o

ccasio
n

s. 

4· 

T
he 

fc:.w
n 

c
u

sk
-e

e
l, 

L
eD

O
")!:::.ciur:-. 

cervi::1t1;n, 
vJaS 

cau
g

h
t o.t 

7 sta
tio

n
s 

c:.11 
n

o
rth

 o= 
37° X

 la
titu

d
e
. 

~
~
e
 
la

rg
e
st catch

 w
as 

23 
a
d

u
lts 

ba~
 sin

ce 

tr.is 
sp

~
cies is

 
sr.u:i.11, 

t:~1e 
to

ta
l w

ei£"~t w
as 

le
ss 

tha::-1 
tw

o 
p

o
u

n
d

s. 
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PHASE 

FO
~~S?C

? ?~O
U

X
J~~ 

T
h.is 

s~
~

:1
 flo

u
n

c
e
r, 

?ara~
ic~

c~
v

s o
b

lo
n

g
u

s, 
o

ccu
rred

 ra
t~

e
r 

g
e:1

erally
 n

o
rth

 o
f 

3o O
 
~
 
la

titu
d

e
 be'tv1een 

20 and 
1

0
0

 
~ a thor.ls, 

b
u

t a
ll 

catch
es o

f 10 o
r ~

o
re 

p
er tow

 w
ere .:1ac.e 

betw
een 40 

and 
60 

fa
 th

 om
s. 

T
em

p
eratu

re ran
g

e o
f 

tr.e 
27 

sam
ples 

co
~

tain
in

g
 th

is 
sp

ecies w
as 

6
° to

 

9
° C

 (4
3

°-4
8

° F
). 

T:'1.e 
la

rg
e
st catch

 w
as 

70 a
d

u
lts h

av
in

g
 a 

to
ta

l 

w
eig

h
t o

f ap
p

ro
x

im
ately

 
20 

pounds. 

G
C

O
S3F:S:I 

4 

T
ne 

g
o

o
sefish

, 
o

r a
n

g
le

r, 
L

c~
~

ius a~
eric&

n
u

s, 
o

ccu
rred

 in
 18 

sar.-.~les 
er~corr.:;;,assi:--,g 

t:'le 
e
n

tire
 ran

g
e o

f d
ep

th
s and tem

p
eratu

res 
en

co
u

n
t'ered

. 

A
lthough g

e
n

e
ra

lly
 d

istrib
~

te
d

 ~
h

ro
u

g
h

o
~

t th
e a~

ea, 
-c-.,,e 

g
o

o
sef:.sh

 w
as 

n
o

t 
. 

nw
..erous. 

?:'1e 
larg

est: catc~
 w

as 
9 

adt.:.lts havi:--,g 
a 

to
ta

l w
eig

h
t o

f 

ap
p

ro
x

im
ately

 35 
po~

nds. 

G
U

LFS7REA
M

 FLO
'l!N

D
3R 

S
in

ce t~
e len

g
th

 o
f th

e
 G

u
lfstream

 flo
u

n
d

er, 
C

ith
arich

th
v

~
 

a
rc

ti=
ro

~
s, 

is
 o

n
ly

 aD
out 

6 
in

c~
es, 

th
is fish

 h
as 

little
 cor.illlercial 

pot:en~
:.al. 

t:O
 

36° 1
9

1 
N

 lit:itu
c
e
. 

~
0=

-e~
~

~
u~

e 
r~

~
-

0 
~1as 

O
ro 

~o
 

8
° 

C
 (4

3
°-4

o
r

0 
.I. c!1

ilJ
! 

.._ C
U

.. 
• 

Q
,1

, •
~

 'I:: 
V

 
w

 
F

) ..... 

SCU
P 

'Ihe 
sc~

p
, 

o
r p

o
rg

y
, 

S
te~

o~
0~

~
s 

c~
rv

so
n

s, 
w

as 
cau

g
h

t in
 12 

to
 61 fatn

o
~

s 
an

d
 

te~
?er&

tu
re 

r&
nge o

0 
to

 
9

° C
 (4

3
°-4

8
° F

). 
D

istri-

b
u

tio
n

 o
f yo~ng an

c a
c
u

lts 
o

v
erla?p

ed
 ra

th
e
r w

id
ely

. 
T

he 
la

rg
e
st catch

 
... 

=
-

in
 a 

tow
 w

as 
9

8
. 

~
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PHASE 

4 

3LP..C
:< 

S
3A

3A
S

S
 

A
d

u
lt b

lack
 se

a
b

a
ss, 

C
2::1tronris~

es 
s
tria

tu
s
 w

ere 
cau

g
h

t ffiostly 

alo
n

g
 th

e 
50 

fat~
o

~
 co

n
~

o
u

r fro
~

 
37° 

32
1 

N
 to

 ttie so
u

t~
ern

 liw
it o

f 
th

e
 

sa:r.pli:r.g 
a
re

a
. 

6+'e:-:,?era tu
re

s w
ere 

6 ° 
to

 
9 ° 

C
 

( 4
3

 ° ..:49 °. F
). 

Y
oung 

w
ere 

cau
g

~
t in

 cep
t:.s o

f 
l2

 to
 

40 
fat~

o
~

s 
from

 
36° N

 la
tit~

d
~

 to
 th

e
 n

o
rth

ern
 

lim
it o

f 
t~

e sa~
p

lin
g

 a
re

a
. 

~
 

~
 

ra .. -.·gec· 
.1.~ro~,. ·5

°
 to

 
7

° 
C

 
(~

1
° 

ro
 

.,;.e::-.;-era .... u
res 

M
 

.,. 
-

. _
/
 

45 ° 
F

). 
,Z-;.e 

la
rg

e
st catc.~

 o= 
yoi.l:r.g 

w
as 

7. fis
h

 
w

h
ile 

fr.e 
la

rg
e
st: catch

 

o:: 
ac.u.:~s 

w
as 

J..76 
fish

 w
eig

h
ir.g

 100 :po~:1ds. 

T:1e 
sur. .. 7.er flo

u
~

d
er o

r =~-:.1.:<.e, 
P

a
ra

lic
h

th
v

s cen
ta.tt:s, 

w
as ::t: w

as 

btA.t w
a.s 

caug:1t: a
t o

r.ly
 or.e 

d
eep

er sta
tio

n
. 

T'~e 
la

rg
e
st catch

 w
as 

1
4

 

ad
u

:.ts. 
Yo1.A::1g w

ere :1ot 
cau

g
h

t; 

T:~e 
b

u
tte

rfis~
, 

?cro
~

o
t~

s 
tr~

~
ca.n

th
u

s, 
o

c~
u

rred
 in

 23 
sam

~
les 

g
e
~

e
ra

lly
 d

istrib
u

te
d

 

tu
re

s. 
?

~
e

 la
rg

e
s~

 catc~
 

w
as 

~50 
pour.cs, 

b
u

t in
 o

r.ly
 4 

o
th

e
r sa~

?:es d
id

 

D
istrib

u
tio

n
 o

f 
young d

id
 

~
o

t 

d
if::e

r fro~
. 

o
f a

d
u

lts. 

: 

_
, 

~
 .. .,, 
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£
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SPR
IN

G
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IB

U
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N
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B
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JA
CK

SO
N
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lW

IS 

and 

EDW
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V
IR

G
IN
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STITU
TE OF M
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IN
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V
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G

IN
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·pt1ASE 
5 

SPR
IN

G
 

D
ISTR

IB
U

TIO
N

 
OF 

FISH
E

S 

D
uring th

e p
erio

d
 from

 M
ay 

6 th
ro

u
g

h
 M

ay 
24, 

·1966 _we 
sam

pled 

71 sta
tio

n
s on th

e c
o

n
tin

e
n

ta
l sh

e
lf 

betw
een th

e reg
io

n
 o

f C
ape M

ay 
-

W
ilm

ington C
anyon and 

O
regon In

le
t. 

G
ear and p

ro
ced

u
re w

ere as 
in

d
ic

a
te

d
 

in
 th

e
 p

ro
g

ress 
re

p
o

rt fo
r th

e w
in

ter q
u

a
rte

r. 
D

epths 
sam

pled ran
g

ed
 

from
 6 to

 1
0

0
 fathom

s w
ith

 m
ost sta

tio
n

s b
ein

g
 in

sh
o

re o
f 

th
e 

40 fathom
 

cu
rv

e. 
T

ab
les 1 and 

2 lis
t th

e sta
tio

n
s sam

pled in
 sp

rin
g

 and w
in

ter 

re
sp

e
c
tiv

e
ly

. 
·sp

e
c
ie

s cau
g

h
t num

bered 
46 

o
f w

hich 
th

~
 

21 liste
d

 in
 

T
ab

le 
3 com

prised a 
re

la
tiv

e
ly

 in
sig

n
ific

a
n

t p
ro

p
o

rtio
n

 o
f th

e catch
 

an
d

_
w

ill n
o

t be d
iscu

ssed
 in

 th
is re

p
o

rt. 
F

o
r th

e 
rem

ain
in

g
 25 

sp
e
c
ie

s, 

d
istrib

u
tio

n
 w

ith
 reg

ard
 to

 d
ep

th
, 

la
titu

d
e
, 

and tem
p

eratu
re is

 sum
m

arized 

in
 th

e fo
llo

w
in

g
 p

arag
rap

h
s and m

agnitude o
f catch

 is
 u

su
a
lly

 in
d

ic
a
te

d
. 

T
he o

rd
e
r in

 w
h

ich
.th

e ~
p

ecies a
re

 d
iscu

ssed
 is

 n
o

t in
ten

d
ed

 to
 im

p
ly

 

p
o

te
n

tia
l com

m
e1"cial 

sta
tu

s ex
cep

t th
a
t th·e fo

u
r sp

ecies o
f g

rea~
est 

im
p

o
rtan

ce·in
 th

e
 w

in
ter tra

w
l fish

e
ry

 o
f th

e M
id

-A
tlan

tic B
ig

h
t a

re
 

lis
te

d
 la

s
t. 

R
elatio

n
sh

ip
 betw

een catch
 in

 o
u

r sm
all tra

w
l and 

catch-

to
 be ex

p
ected

 in
 fu

ll sc
a
le

 g
ear is

 n
o

t know
n. 

C
o

llectio
n

 o
f 

sam
ples from

 th
e m

idw
aters w

as 
n

o
t fe

a
sib

le
 w

ith
 

o
u

r g
e
a
r, 

b
u

t th
e ech

o
-so

u
n

d
er in

d
icated

 p
resen

ce o
r ab

sen
ce o

f fish
 

above 
th

e b
o

tto
m

. 
In

d
ic

a
tio

n
s o

f fish
 
in

 th
e m

idw
aters w

ere a
rb

itra
rily

 

ra
te

d
 as n

o
n

e, 
lig

h
t, 

m
o

d
erate, 

o
r h

eav
r a

t each
 sta

tio
n

. 
O

f 
th

e
 

71 

sta
tio

n
s, 

7%
 w

ere 
ra

te
d

 n
o

n
e, 

59%
 w

ere ra
te

d
 lig

h
t, 

31%
 m

o
d

erate, 
and 

3%
 h

eav
y

. 

In
 sp

rin
g

 th
e area n

o
rth

 o
f 

37° N
 la

t. 
and 

shorew
ard o

f th
e 

30 
fathom

 co
n

to
u

r ap
p

eared
 to

 o
ffe

r th
e g

re
a
te

st prom
ise fo

r a 
fish

e
ry

 

as a 
re

su
lt o

f 
co

n
cen

tratio
n

s o
f n

o
rth

ern
 searo

b
in

 and le
sse

r num
bers 

o
f 

se
v

e
ra

l o
th

e
r sp

e
c
ie

s. 
G

en
erally

 d
istrib

u
te

d
 th

ro
u

g
h

 th
e 

su
rv

ey
 area 

w
ere se

v
e
ra

l sp
ecies h

av
in

g
 ap

p
aren

t com
m

ercial p
o

ten
tial·, 

b
u

t we 
found 

no ap
p

reciab
le co

n
cen

tratio
n

s. 



I 
)J 

l 
-

0 s:: s:: 0 
•.-i 
.µ

 
ro 
.µ

 
C

l.) 

(1) 
.µ

 
ru 
Q

 

Q
) 

Q
) 

'O
 

'O
 

~
 

~
 

.µ
 

.µ
 

·rl 
•rl 

0
) 

.µ
 

s:: 
ru 

0 
....::i 

....::i 

T
ab

le 1
. 

S
ta

tio
n

 lis
t, 

sp
rin

g
 1966 

C
J 

E
 

0 
.µ

 
.µ

 
0 

..Q
 

""' 
(}) 

!.J 
E

 
ro 

0 
..c: 
.µ

 
a, 
H

 
ru 

~
 

4-1 
.µ

 
'-

' 
,-u H

 
.i:: 
.µ 

(1) 

~
 

n. 
E

 
<

l) 
(J) 

Q
 

(-1 

E
 

0 
.µ

 
.w 
0 

..Q
 

.µ
 

>-a 
. ru 

ru 
~
 

'O
 

.µ
 

4-1 
•rl 

0 
s:: 

•rl 
(l) 

r
l 

E
 

ru 
•rl 

C
/) 

E-t 

. -
-

----· .. -"'--
--

-··· 

·~ ,.c: 
en 

•rl 
4-1 

H
 

(1) 
.µ 

~ 
'O

 
•rl 
:E: 

..c: en 
•rl 
4

-f 

'O
 

0 0 
4-1 

en 
(J) 

·rl 
C

) 
(1) 
0

. 
en 0 
z ···---·-

..c: en 
H

 
·rl 

(l) 
4-1 

0
. 

,.c: 
,.c: 
en 

en 
ro 

•rl 
H

 
4-1 

.µ
 

'O
 

:;: 
en 

0
0

 
(1) 

0 
.µ

 
·rl 

4-1 
C

) 

4-1 
Q

) 
en o 

0
. 

'O
 

en 
S:: 

H
 

::s 
::s 

. 
0 

0 
o

· 
0-t ..c: 

z 

~
 

(l) 
. 

0
. 

,.c: 
en 

•rl 
4-1 

~
~
 

ro o 
H

 .µ
 

.µ 
4-1 

en o 
'O

 
C

H
 

::s 
::l 

0
0

 
0-t ..c: 

"'"' 
!a

) 
.a, 
+:I 
~
 

C
 

-~ L!:: 
...._, 

3-0 
-'» 

~
 
~
 

s:: 0 
•r+! 
.µ

) 

re ~ 
::, 
Q

 

·_J) ..... ·, 
rT

fT
 

1 ... s·.~::ys-s--=-:.·p-;1N
-7~-c2~r-· 

.·.-, 
1 =c-

··· 
2

s
--·---0

6
.4

-·: 
!° 

3
-----···-·1

E
 

-·--1
0

-·------·-6
"0

---· ---;-c;-------. 
T-:: 

1 ? 
~ t '-' -~ ~,-t~-. --~ f: ~

:
:
·'ft 5 4 u '.·.' --

-·. 
1 r;. -

·· 1 ··,c-... 
'> .S

-cf9
·;7

;-· : : ·) 
.. --1

 
·;r·········-T

l 
"240 

l': 
, 

-----1
?

. r~--~--·~-vs:s----: r:-.1 ·1 ~.,r~·?-2-.~,-
, ; r. 

· 
1 , c 

~ ·:. s· ·-·1 z-·;·h · 
1 r 

1 ···-----·-·2
n

· 
··· -· 10·· -----· -··· · rc-0 -·--

-2
;-·=

--
-·--~ 

r:T
~--:E

,~
1 '.~y1-·.s---· ,-E:-}·;i ·{-·1-~·;;·z::· 

. ~ ··· 
1-~c 

-~? '.""~------·~-s·., 2 
· L 

i 
,. 

• ·-
-
-
-
-
-
-
-
-

1 _., 
5

·5
-··---~

~
--

.r ? 1 ~---c~-:-·:~·rr,s---:-~~ -..r_:.T~~?..7':!-·-· . , i ·:: · · 1 ·;. c ·-? rs · · -
1 s ~ J --

L i 
2 --·----

-
-
5

 · 
1 o 

3 rz
----3

 G
 · 

r-~16-----c-1··-.-:.Y
r s-·--_:-5~;:,c ·r,~~rT~:r-

::_. 1 ·:~--
· 1 --~ c · -~{: s 

· ) 2 ~-1 
·-:·-' :::-

· h · 
· -

-
-

-
-

.. 2 
.-0 

1.. .)--··--:; : 
------r·3

·y
r-C

T
/·:~

-r6
1 S

'·-::-5
'·n

 T
,-S

cT
:,'--

:: ;, G
 ---

1 :·,c ---34·5 -
:·1t, 2 -

L
T

 
• 

1 ---
----

-· 2 --
·-

9 
r5

t+
 _
_

_
_

 :_:'_ 
:.-;;-;-:;--.~---:~--;-;•-:-<

7~
-6---;~

~
 .... : ..-~

-T
r
.T

--
"
I
 t' ----] ; ·c·-·-·--,,-,.-··c-···· :". t:. -

... 2
; ·

·
-
·
·
 I . I 

.,· 
-
-
-
-
-
-
·-

-
r
.-

··-
-
···-

-
r
-
-
-
-
·n

-
-
-
-
-
-
:
:
-
~

-
-

i 
•' 

' 
:_ 

. 
•, 

' 
. 

I"
\ T

 
~ 

-· 
-· .. ,) . 'I 

I ~
:J

O
·;, 

\, 
~ 

,) 
... 

-· 
'""t -~

 
• ., • • .' 

0 
-

~
 

'-t 
I 

t.. 
-

" 
·------r;·r9--·~

7=
1-:~

.:v~
-5-3:5-,-;T

·rtT
.+

5oB
-· :·? o --·c.?c ··· 3

J
s
--·o

s
 ~ 5·· · :::) 

1· -
.·2·-·-·----~···7---

.,5
 

=-=·-·--------, 
T

 ~ ?. ') --r::·: '.' t ':' 6 6 
·:, 6 l ~ '~ ,

5
 :.} ~3 ~·.' 

. '.; ~ ':: 
l ~-C

 . 
. 3 3 .S 

1 l • 9 
r;! 0 

l ·-
. 

. . o 
~
 

:. : -
~ 

---f';j"Y
l 

•.,7
'.'S

"y
~

;~
---:r,~

z~
7

5
T

8
:T

---
·:·1··:.··-·11_(---~

-i·s--r,~
-2·-·-"!"ff -

·-------1
---.----2

 
6 

52 
2·:-

··--. 
T

 3 ;;: 2 
:~

-.' .L '( s 6 
·:· (: 2~7 '-~ 

7 4 5 f., ~/; 
') ~ (: 

~ _: C
 . 

3 3 s 
1 7 0 3 

L T
 

. 1 
2 

. 
8 

~
 

?"IT 
; 

r~
?
?
 

~;,--;·.11yr~r--, 
-:.6?.~'-l 

7u.4.9':J 
C

1!J'I 
. J. :.,c 

'3l1S 
-

l 9
o

~
 

t-'D
 

.. 
2 

. 
1

0
4

 
1

4
 

8
4

 
?
-.r 

: 
-
-
-
-
T

-
?
 ? L

 
:_: '7 '/ :: '( '::-S 

·:, 6 ? :~ .'·~ 
7 I.~ C:. T.·' 

; : -;: ? 
] · ·: C

 
':P

 S 
2 l • 2 

~JD 
2 

6 
9 

6 Z
 . 

'3 ':., 
, . 

T
~

(:: 
·_ :'~

/!Y
':S

 
·::r:-tt:?:·J /1

.!.4
?._

.
1:.' 

·_
:
·-

,:
\
 

1
?
(. 

3
~

5
 

n,~.s 
[T

 
. 

2 
f7

 
-

1
2

 
""'3~ 

:<
) 

· 
T

"l?
~

 
:_.;.,.,_.:yr,:_. 

·::f.
1,~

.
1'! 77~48'·.' 

-
--~·.: 

. L
?C

 
?

-
5

~
';

6
.6

. r1D 
· 

2 
6 
~
 

,o
 

:,:J_ 
·----=

r::7
T

--C
Z

iT
;-:r~

-:?
;--T

6
T

I.'1
t7

5
:'i:i'::r·--

0
1

 2
-

·1.~ c --·:n-s-·-09·-;·cr--cr----·z 
-ro··--·---·-,--

o
·~

 
~

-: -
-
-
-

-
·
?
 ~

.-,.,_----
:-

~
·· ,·.· •... ,-r..., -

-
; -,-

·-::: ·.rrh
 i:::.,-

1 :
' 

•
•
. 

··, ··J 
,., 

• 
-J 

1
. 

··-
·-

':'.J .... ----,-2
-··2

---··rr--------r··--------
2 · 

-
-
-

0 
-----T

t.i.· j
-
-
-
-

-
:
:
.
:
,
-
-
-
-
-
-
-
·
-

.• 
1 

. "· r: 
. ~ 

, Y
 ~
 ~-

.. 
, .,. ... 

• 
..,, ... . . 

.. . 
J 

•
.•

 C
 

.... 
1 ::, 

. 
-

. 
• 

• 
., 

. 1.. 
-

-

T
 '=! ? ~ 

'· ! ·: :". Y
 6 G

 
~~ 71. '" \J 

7 4 '+ 1 ?! 
; ·~ -~ -

l ::' C
 

-
3 4 S

 
ll~

 • 5 
f.~ D

 
1 . 

8 
-

, 
'3Z 

? :J 
~---f-::i--:2-~---::-:a:·T

 7 (:, ~
;--·:7T

S
 'T

t4
?
, 1 ..... -

J 7 .;--· 1 ·? c
-
J
 5

~
c
;--1

7
;-3

---r,--~
-------4

---:--i O
 

::.· r-
:. · ... 

·
-
-
-

--:-r~:-3
·r

-
, 
.. ,:-:·/ '(·.( ;_;-·---.,1-r":·-;~ :.114-i-9-\:J 

-
1 .-. c ·· 

1
.1

~
c-··-3

5
s-·-z·{

}
;s--r-..:o

----r------·-·4
· 

· ··-·1
r 

~-ou·----··:J· ·--~----
-· 

--· 
r ~:.7 2·-

c:.: ·..';\yr~~, 
--··-;. 1

~
1.:·,1 ,4

~
 n,,·· -

:.::l!"o
··-· 1 :Jc····-31.1-s ----··2

3
·0

·5
~

 r----·2
··--··--·1

0
··--·-1

.u
----2

·6
2

--
: r--·--·-: · 

T
 ?. ') -: 

(., -~. ·.•.'-'.I.:. .:, 
;~ 7 1 ':; '. -! 

7 l.1 /:. /.1. '/ 
; 

·, ': 
~-

'? C
 

"= l; s 
O

 5 
0 4 

V
D

 
2 

2 
7 

5 4 
~

; 
T

 : ? h 
:. 

~; ·,. _..__ '( r.~ ~ 
·: 7 .· ? \'. 

7 5 D
 f3 '."! 

: .. ' ?. 
. ::. ·) ( 

3 3 .S 
J 9 • , 

L 1 
3 

8 
-

6 
o o 

.:. : 
-

T
 -.:. " =:. 

,. 
0 ·: :~ Y

 c.. ::: 
? 7 · i ~? ·.1 

7 5 2 0 ; .... , 
··: 1 r... 

: 
'. C

 
3 3 S 

1 1 • 5 
L T

 
-

3 ~-
, 

?. ~·f-: 
. : .... ·· Y

 .. , r:-
;, r: ~

) :'- 1 
7 -:.. "· (J

1:.: 
• 

1 :-=; 
1 ·~ C

 
~ 2 S

 
11~. 9 

L
T

 
3 

2 2 --
8 

· 5 t+ 
~ :~ 

T'.=i°~7-
.~::•.•:,'{(:~'~.· 

:(;!.: .. [::'·'. 
75!.!.C

·',•.' 
1.:1_-; 

1.-·c 
:.2.s 

1
6

.3
 

L
T

 
3 
.
.
 

2
. 

·s 
. 

6 
··. 

~;) 
_

_
_

_
_

 T __ -:_~~-----~::·;~:_Y
t:~_.:t,h~·-~ 

7
:,:;n

i _____ _.,:-; 
J::c

 · 
1

2
.s 

1
1

.s
 

L
T

 
.?:_______ 

2 
· · 

2 
.... 

_ 
~ _____ }:~

-

..... 

p 
·7 

·o 
:c

 
:x:z, 
C

.I) 
rn

 

(J"
I 



.J
...\...'.~

-L
.\,.,,,,, 

..i..o
 

\
'-

'-
'"

"
'-

'"
·
'-

"
•
'-

"
''-

.
_

.
.
/
 

-
r :·: .: .. · 1.t·-' r. Y

 (; c, 
3 ·; ~-sr-., ··rs·4·r~:i · 

c: ~· ~J 
·· t :-c-·· §-n,---r6:-a---rr --·--·· -·3-······---··-· ·· ·-·5·· · ·--···:·lr-----'-·---z-s o

·-·---3
·0

 · ·,·-~-
····-T

 3f(,L )2···· ;., Y
 c [ ... ---~.-722N

-.. 7 5 '13\~ ---·u,) 2. ·-··i-
ff c-·-3 2 S -

1
9

 • t 
LT .. ··-

-
.3 

----·· .-·----6 
---------1-·--··----i"

2°6---·-::ro~ .. )
-
·-

. 
T

 "!.! :i 
1 '2 .. _. .A Y

 ~ 6 
3 7 ?-2 ~-'. 

7 5 2 4 \·.! 
0 2 8 

l l<: 
3 2 S 

2 1 • 5 
r-.1. D

 
. 

3 
8 

9
---,. 

l 7 2 
. 3 0 

~ 
.. · 

T
3

L
i.2

 
:2

·::~
Y

6
6

 
3739~

~
 

7
5

2
0

\·J 
'.)',,,(; 

1,~·= 
3

2
s
. 

2
2

.9
 

r-10 
2 

a --·-ro--;----tt.--z.---:rn--·--··--
···-

r·3
4

 3-·-·1·~A
~'t.~ y·6 6

---
s 7 5 ttr!-

7 ,-ui \·:--L
i:: 2.··--·1,, c-··-··3-1 s 

u
s
· 6 9

---L
 r 

· 
3 ... ________ 2 2 ... --·-1

-2
------z-3

·6
"·---·-·j-o

--·-· ·--
r
; t: .'.· 

l?
 •.v A

 Y
 6 6-

. :C:.:. H
: 

7 5 :; 7':i 
.. ' ~ 

~: 
1 :; C

 
3 1 S 

C, 7 o S 
L

T
 

Lf 
-

2 6 
--·u:-··-

·-·······----J:T6 .. ----:. (;----·-···--
<-: .' ::· ---· r-r·"7;:y·(:;-t-· ... --~ ~:-r:-/~, ··1? ·'"'-r? ·· ... = 

_ r. 
11-c · ····3 1 ·s--·-J"ss·;·r;----~:,;15----·--·-2···· ·----·--· ·· 

..... 
·---·-·· rz·-· -------~--~ ';. -... ----~9--·-·· ----

··· ·-:--~? !~ r~· 
... j ?.--;;::_yr~-(~-·-

:;, ·1 ·2·.:::': 
--;7 r;. t1f' 

I 
1 ·1.. (-···-3r~;··-y--3~·-0--A

\1-·-·--·4·--:---·:fE
·-· ·---.. ·rr~

-----·17~
---·t'-}---·--:-·---. 

···-r ?-1~ 7··-·1··;.__-.~;.._--;.( r..-r-··-~-J!-
~ -~-· · 71; l:.··y ... , 

!·, 1 :~ 
·1-:: c--··-<1 s----r5:7;-r0·0---·----?.···----··-··---·~--

· 
s 

· 
1

2
 c 

3 o· 
: 

T
 : I! 3 

J 3 .... ;~ '( :, (:_. 
?. (:; i_ .~ I 

7 l!.: 7
1.·' 

. ', 
' 

r. 
] ? C

 
~ ? ; 

· 1 7 
0 s 

~/j D
 

1 
2 

l"b 
--·2·,~-"u.-: -

-
-
3

 ;s-----: 
. ----··y -:'i:s·-·-·1 ·-i·;_;~:·,(r;?;····--?· t~-~·?·:·1 ··--=tt~ ?.··>· 

· ·, . 
1 ! C

 
':J. ·'." :: 

• i. ~T
;-5----cr~---·--·--·------··-·-·-.. ··-··--n

;-·-··---5
·r6

·--·-:,;-i------: 
·f -~-; ~\·.::--···-r?-,:;_~_y7;:~---· ·7: t;·2·s·.i ! .... ·=17;-,;;, 1

1:! 
1 ;: 

· i 1 c 
3·2 s .... ·-z-i-~--y·--·pv-·--·-·---z ·--·-----... 6. -·-·-r4

 __
_

_
 --·-rr6----~ o

-----: 

.;-{; ;~---+;~:~.:;~t ---rit;(-.;tfZ-~~--~~ ~,; 
l ~: ~ -· -~ ;.}--· 6r-:}----:;g·-----·2··--------6-----i--

---------T
? ~-~----~b---==-~-~ 

r~
~

3 
1

7
•:y

5
5

 
?

7
?

8
r 

7
4

3
7

~
 

C
?O

 
1

cc 
?

~
S

 
0

7
.2

 
LT 

1 
2 

5 
1~ 

3
0

 
-:-

~:. _:=, t,. 
! 7 · ·:-. Y::, 6 

?. 7 S 2 ;': 
7 td

 5 ·,.,i 
·., ::, C: 

L
.:C

 .. 
3

: S . 
lo

· .. 3 
NO

 
1

' 
-

.. 
6" 

. . .. 
2 ·J 

. -.. 2 ;;;· 
. · .. 

·-·-··yj ;-~---r1.-~~--,(~-~-----· -~ t·-7T~-:··-,n-~-:-:--i'?---.. ·-~-~lo'·· .. · 1 ·Jc···--?
 :'·.$·-----r::r: ·~

;·-·-K
io-·--------------·---·-··---·-------·····------:-.. ·· 

··-·:·T
·-----

. 
-r3° (s--~·i "F·:~ .. .-,r~~ ~

 ----~ ·::T,ft-'. · -r~~~--~·\:r·· --·::
1 ,

.
 
~

I· :·-1 .~ c···· 
3 L·s--.. -n;·;·:=,-cr-----·--·-··--·· · · ·· --------·----·--;··-··---· -------

1 o ·--------
3

·~
)----:-: 

T
 ?. s 7. 

i '! · · .::. ':' ·~-r.:: 
-: ? 2 2 :·! 

7 l~ ,·: T
:! 

... 
;, :· 1 

J. ... c 
3?: .s 

-1 s o
 9 

~·-m 
a · · 

2 3 B
 · · 

:·:~;rs-
; 

---=
-r -~--s c

·-r ·r:<\ Y
 ~-·~---~ 2·~:;-0·~,:··-·n;T~-,:::,--

· e.<
 ... JJ c--· ~r?·s ··-· 2·r~-s---L

T
 -----·------·--·--·--·-··-~ · · ··· ··-· ·--·--·-,-------

--
rs -··---3·e-·-··--; 

·r~rr:5-···-~·-7:··;.,-,(~ {,---·: 7r;;-;;·,-:.!-TZi·[~·r:r ·-:---,,;:·1· 
-· 

-~-
~ r.··-

??·c; ···-?::·;·s· ---c_ r·-·····-·. 
·1-::-~-.-· .. ~ ·--··1-L 

· . .,-,-,·;~ ···· 
·;;_ .?-~·--;--r.!---. .,-ic.-~-:6~.-:.;-

>: 
1 

·------T
:fb"I 

~ \.· ·.\ ·r ::. 6 
~ 7

·~
-i/: .. .,I i.':_;"·F=T' 

: · ~ ·, 
T

 
•; r. 

'?
 

t 
-
· ·-

~
 

···--.-.--·-·-·. -~ 
' 

.., .. 
~
 

r 
-· • ... : 

..I
 

· 1 :: ·=-.-· .. Y
U

:: 
-;·,, i~i'. ·-rv-!,-.. e?-· 

·_,? _, 
-~· 

·--~ .... , ~; ::}· -· -··:. ··.?:: . ., : .. -·-,-,::-:'~[;~·:--.. 
,. 

--·r1 c· ..... -:: . ., .~-· -~, -:r<,, l.,---· i. r · ·-··--· -r --·-------· .. Ii. · 
1 , 

r 
... 

"-

1. 7 C
 

l ":· ( 

. ? 
.~. 

? 
5 

:." ~~ .·;? 
. 1

.·r. 
.. J 8 ·,: 9 

. -·c T
 -.. 

? . 2 S
 .. 

·, ? -~ S . -· L T
 . 

--··. 2·-·· -· .. 
. ... 2 

. 
. . 

-
. 

3
() -

· 
1 

() .......... -
... 6',~ ... -

-·.?
 ~: ----·----~

 
. 7 

-
...... -······9 ,'t . 

-
f'\ 

-
·
·
-
·
 ·
·
·
·
·
-
.
 

' 
-.,.,.' 

9 
. 

. 
:6

 
. 

?
0

 
-

. 
) .. -... 

. ... _. -·-. . ... .. ·-.. ::r 0 
. ·--···-·(f D~. ··· 12.···::\ y ~-t~ .. -·--: t2."?:·: -7~~-i+·~r· 

,.• l ;~ 
J. ?-( 

3 ?.·s·.· 
. P1-

0 ·-r . LT 
...... l' -..... ··-•····t 

5··· --
.... ----·-'6 ::r··-

·-······31 
T

 ; [) 5 
! ~~ :·· .~•. ':' C

 -~ 
:;. ~!]. L

i\ 
7 l+ :' 8 1d 

~) / J 
1 2 ( 

3 ? $ 
l 7o 7 

L
 T

 
. 

. 
2 

.. ··-
4 

. 
-

2 9 
. 

:· -~ 6 6 
]. c ··~ .. \ Y

 (; f 
~'! ! l :l 

l=-(: 5 '.·'/ 
:.~ l s 

l °JC 
~ 2 ~., 

1
9

. 7 
LT 

2 
4 

1
2

-
-

Tl+ 
2 9 

; 
r ::. b

?
 

1 ;\ :,\ '?-::-s 
-~ -r ... 31-: 

·, "5'?> -:i :_,_, 
, ) 1 r-. -

· T
 ~
 c · 3 2 s 

-T
o-.-1 

--c-r _ 
---·tJ. -

-
-
·-

·-
-

-2
 · 

-
-

· ·· · ,-----n
lz

 
3 o 

. '; :? 6 S 
. 

! ·~ · · :. ·r ~: .S 
:-cl--~ 2 r:.! 

7-'::-
l~ T

 .. ! 
1 

• 
:'. 

P 
C

 
· 
~ l S 

I 2 • j 
L

T
 

: 
r-

.. 
. 

"3 u 
. 

: ·: .. ~; 9 
?. ?, : · ::--~ '". S

 
3 ? · .. d :''-l 

l ~) u c. ':.' 
·; 

P~ C
 

~1.') 
·121-a 6 

>~ D
 

1 
~. 

-S
-
~
 IT~ -Z. 

. 2 9 
• 

. 
T

 ?.'7) 
2~

·-:·:':~
:: 

?'. 1l•J
!'-:l:·3

::i:: 
:_; 

;·1 
].l!(

 
3

1
~

 
} S

.t+
 

[T
 

. 
?. 

2
0

 
-

5 
----z

1
c
r.:. 

-
Z

9 
. 

1 :·:I--.. --i·.: ··;<·:~ ::-s··--.. d"·):·: 
7

':?9
>

' 
._,._ 

! 
·· 1t< 

~
Js 

1£,.c 
L

T
 

. 
1 

sa 
:;.~) 

.. 
·1---rr1--: c..~;-·_· .. -·:·:-

:.:· 
;, ;·;_:7f.! 

1-:,~:.·'-': 
;_~ ··:: 

· 
1.t,c 

?J..:·· 
1 s.!:: 

!·,.!) 
· 

2 
----?

 
---~

s"
B

2
::o

-·~
: 

t:; 7 3 
2:: ·: ~ ·( · .. :. 

:.: -_, .:: ? f,'. 
-, ,! t1 ·:,~.: 

-c, ··1 r -···rl'r (-·-~-rs· .. ·-·:n:r·;·1-·-:/C
f 

· · -
·---------·· --·------· ·-·-----...... --------------ro

' 
· 

1·3-::"7~----·-·2 ~-._; ;~·(,~ S
-

? T
i!}

! 
7 :-

~ F ':•.' 
r: ·.:i 7 

l ~
 c· 

. '.'-1 S 
. 2

]
,. rl 

-~_. !") 
-
~

 -
-
-
-

..... ···g -----·n_-----··---
? 8 4 

-2 ff"" 
i.:'r.:: 

L
:.:': .. :·:.,':-

;ll:::·' 
1-:?'?~

' 
•;\:'?

 
1:-C

 
?-?~

 
2

2
.S

 
L

f 
1 

· 
l 

-----
1

6
 

3
0

 
---.. -· ···· -

·. :: ·_, ~--·-·-1.}? T_:~. -(~ -s--:: f?
 ~ · · 

'f :~ ~
 7 .:.:-· 

· 7 
1 r_ c 

3 1 ·.s · ... · c,;-r;·c--·t r 
.. 3.. 

7 t., 
; 

· .. -
~
 s·-· --·· ·2 T

-
-
-
-
-
-

-r-::: ~;· -1-··2-r·:; : .. ? ,~-·.s·---·-:-·~r!~-1 ·::--1-~-2-6':1· .. ···{~ ··. t · -··1? c--~n1s-·-c·s-~··c--·~cr·--~-----2---
-----·-·-·i:.-· ... _______ T

 
----·4

---"3
-o

--·-··--: 
.' ~ ~

-
-
i(

;
;
 --~ r (;-~------~ -n.; ·.1 ·, ... r-·:..--: .. .-... ·.. 

, 
1. := c-· · 3· 1 :;··-··nr~ :s·-·-··H

v 
1 · 

· · -· · · -------·3 o-------

----.. }-~-rr=~1r}:::_ ~:·:~r~~~~ ;;~t: r.~ 1 \:: 
_,.;; ... ~:-t-;;-~~~~}}~~-=~}L~-I~----:,,:g-~~~~-·-. 

.. .. _ ------·--·--~~~=~;-~~-=-~--==~:~~-r~----·-----~ 
·····:n ·:T·-1·i·.:-=·:f_-~--0---: ·i2 ~'i'-:··-f~·Tt~r-··-

-:i ~--1 ·-··-r1·c-~
--:--~

·2·_s--rt·;-r--c1-·-··--··2·---·-·-:--···---6-·-·.~
--··5-----7ro---:;·cr-

\ 
. 

. --~· ·-·-·---------.. -----·-... -·-

* 
!10 

=
 r:one 

L'.:i 
::: 

1
:iu

h
t 

H
D

=
 m

oderate 
H

V
 

=
 h

e,T
v

v
 

--
. ·--

.., ___ .... ·-
·-.··----------

. __ ._
. ... _ 

... _ ·-·-·--------
-··------------

.... ----··------
--· -· 

.. -·-·--... -· 
.. . 

.. 

-0
 

:c
 

:l>
 

C
l). 

"
1

 

u~. 



14 ~l~J4JJ~'' J4 _, 1:_, 4H~•-• 4 4 4 4 4 ~ 4 4 
NI J rvl "'I N t---1 , t-J' ,_, ,-,i ,_, ,_, ,_. ,_, o c c c:: c c: ,:_ o Cl 

. 0 l NIN I\: ·:1" I\.\ N"' ......... >J .~ .... OJ .... ,~ ............. ,~ ......... 

• \J1j' C:-- \.).) N ,-,~ C ~ ·_ ..J: o, "'r , '.>l N OJ C -0 CO ..J 0- \I> .i,- •.» N >--' 0 

"'' ";1 "-~ r:- .C:-, . . ~ .t:- .~ ~ . • ·() (Tl o:,: (\) , 0) 0 (Tl ( O') _, -.J O' 
· ,: ·,: ,·.: -n1 ·11! ., ·11 , ·n. ·n a '"t -,., .,, 11 .... ~u "11 ""ti ·11! ·~,·; ii ·r1 •1 . ., r1 

:u! ."J...J' x7i ,u
1

. rn·,.· u~ t~ u, ;u t :1. llJ ,.a ,·ti . .ll 1JJ' IVj w tvl c;., en :.u

1

- :1.1 \.O (IJ ·~ i o, I o,
1 

O' a- o, a~ ,y. a- (]' {.". (" ( " a- o, a- (.]' (1' a, (1' a- lJ' O' o-. 
0,, 0-, o-· o-, 0- 1 o,! CJ': 0- 0-1 <.1' o-1 ()' O' 0- 0, CJ', 0- 0- 0, O' (1' (1' 

\JI' 1..7' O'I O'! (]'\ <1'1 {]'-' a- -1 (0 ('l'l (r) v,, (D cc . co ((" 00\ _, -.J 7' 
, vll C)! N, , ,,; f'JI "·' ~ ,,; .t- v, ,,, cl v ·c,1 c, '-' "'• N 1 NI l•\1 NI "-i <. I r.- N .r:-

; ~I~· ;I~ zj~l ~~ ;~· i"' ~ :i ~ :~ ~' 11 ~· ~i ;;;' ~; ~~ ~i ~ - ;i ~I~~ 
·~-..I~~ -.J-.J~ -.J ~-j l~_,-.J 
v,I' ,.n ,~· ·Jll -t'- .t:-. +:" .t:- +:" ~t:-- .,. .p- .f:,. • .,.) \..>J w \..).) +:", .f:- ~ ~ ,j •• \"I,,, 
0 N v> g \Jl .t- -t-,·.t:- ',. 0 0 \Jl .t:- '.l W W - C ,_. ,.._, d l'\J .t:-

· ~. ~ ~, ~. ~ 14 ~_: ~. ~ ~ ~ ~ £ ~ f 1 ~ ~ ~ ~ ;~~.- ~ ~ 
: o' o! cl o q ci c/ , ' c, o a c o ·.~,. c1 Cj c <;1 o cl J J '·. 01 o : ~Fi 4 4 ~1· 4 ;i ~: '.;;! ~ 1 iJ ~: ·'=i ~J1 

~1 ;;; d~" :i ~1.· ~~~I, ~1· 4 :.,r~ : 
Ci OI q n, C Cl '1 d C'.> 0 CJ C <~ q C q J. C cl O C, C r.l ,) 0

1 

<_-,'. 
-.J -.J a,.· '-.Jlj O' o--! O' -i ~ O' rn O a,_ -.J -.J -J! CO, 00 0'1 O't CJ', Vl ;:- P, .J:-

11! "I "I n " J=..
1 ~ rl ri " J"-' ro' r.1 r.1 r,: ,..,1 r,J ~ ,..,1 r.' r1 rr ,-1 r, n 

1"''" .• ~~!w1 .J,Jw\, ·" J,,11ww!JtJ~Jw!lrl~+L 
; . .J:' ~.u, u.>1 I.>>, w, w.J \.).), +1 \.).I w ~ t--1 .t:- .s::- .t:-1 .t:-1 .f:- f:1 w, \.» ",Jj '->>, ·.~I "'I "' 
; (/1, (/11 j (fl; I (/'\ (/1 (/1 . I (/1 (/1 vi U> (/1 ' Cl'\ (ri 1 (T'1 "' c,,, (/1 

d~, ~du ~di3~·sdJ~d:ddJ~~~'.d~' ..... 
;.;l'.·~1

1

• J~*Fi~.~4j~:11:l·\ 9f 9l 
I S.! :s:I ri ~ r r -:C: ,?,j r :,.;. 5 Zj :J ~ 

·.\i:·.· ::t:::\·r)t\;:tjl 
Sta ti.on no. · ·: ,...~ ;_. .. :1··-::';.' _;. __ .,.:_.//~·J,/~1 

Date 

. Latitude 

. 
Longitude . 

;. 

Depth (fathoms) 
.·; :· 

•', , : .~·:.· 
.:'·,::!: 

. -J 

Temperature at botto~.'.G·.=, .:,:·.t '::,:){co 

. ·· ·. -:-:!.:t}Jttv:~ .i 
· Salinity at bottom .·:J~.·,:·;.\-:({{'-'~{ ;1(/) :{ 

.... :: t.t:)~;i)f ;':,1){l ~ 
· Time of _ 

Midwater fish* 
.,. 

.,. 
P/• 

....,1 N.o. species fo.od_. ~i~~ .. :.- (:· .. _. .. ~):·/·:·.1.~ 
\ · }~ ...,- . ~) .· ·}FJ\(:i·.;~ ~:.: i}.._J . 

' I ~J;• ••.• ,,. (o •, o • flO 

· .. < · ··:··:.::·;:/Y\)V(.~(~ -
, Pounds food fish. per· _:· .:._. ... '.(~::·J·:·:=i. · 

- • --· ~~ 0 °1 I 1 i 

11~ J ! 

I I I I i 

I 

·. WJIN JL -~+~.i~ 
11 I ·' . 

,/01 • 

1

~. , ...... ( N~ 

C 

~I , ()'i t °'1· j N 

I ; . ; 
; I I t 
~ w -Pi°" V1 

I i ·1 .. \ . I . I · ·1 

l°O'; ~J' ~ .... 
'. . 1, ~i \J l 9.~ 
1 . I l. · 
; "'I '"· J "1 "I u . "l I», w ~ a ~, 
' - I . ;od.J0.01 ]0,-..JO J I ... 1::. · . 
I • L ... j, .L':.!_:f :: __ ,_. 

':1S"1Mrl. 

. ···/ \. ·. \ ·' ... ~ .. · .. ·"' < ., ... e 
··' .. , . 

. . ... .':-· .. : .... 1 hour of tow . ... . ·:.;,1·,·.,>·.-., 

. .: ? ·. :i./1{(ti'.i ; 
No. sp~cies trash _f isJ:i .. ·.:T)\}:~/LJ 

.. ·: .... -: ,.· ·. · ... •.:;·.:".~. ,.';~ ::.1 ~I: . 
• • \ • :• ,lt • \ ti I I• • I , • 

. . : ',: ::· ~ ..... .':'_;• .. :. ~;; :.:., 

Pounds trash fish 'pe·/::J>\/if.}j:· ·· 
hour of tow · ·. ·: ' .. : ,· ,'::·: .. :~~__.: 

, ' •, ' , :; ·: \ · • }\ 'I t?t~};,!~\Jf 
Du.ra·~1on· _of .tow. (mi~u.~~_ii ).\{)~-

. .-~-: .~ ; .::::it;i;:;:!!!i'.tllil;I:.:Il:ii!i\li~/tf JJ\\J; 
' 1' ,•\ ! .. j· '.l,;•.•.•,.-ii ·.! ' '1 ' 1 ·,;::., 11 (".'••,• •

1 ' ·,:,\·,,·,,, ... • ·irl 
...... :::;· \" •;\\.:::~:_):·}. /\~::\.::">:/.', ·~··, :·.· '. \ :';~ :- .>···::\ 

• I 

t-' 



' )1 
I. 

• 

. . 
. 

~
;·· . 

. :-
··::_.:·:·.:,_·:.·;--:.·->: __ ·. 

.·. 

T
a
b

l~
 ·· ?~·:· (Con~~ti~4·,<· _-::· ,··_:::::: 

...... 
. . . . : 

. ~ 

..... 
' 

----T
=

-z
?
.· ~ 1

. 
.,;: ,_.:~:: s -··?. ~-26;,{· 7

!:.5
4

W
-c 4 9

···-c
s·c

-·3
4

~
1

0
 .:;~

o
 

4 
. 4 

4
0

-u
o

 
3

-..0
..-----

r 2
2

e
~

s
'..-_

:._
q

6
6

-
3

~
?

: N
 

7
4

5
 h

! 
0?+_2 ____ c-B

c--:f3-s-i-2. o 
LT· 

.,r 
----=

,-2.._,2,....,,9--~
-=

·:::~
ss 

3~~4 7M
 

lu52',·J 
U

'-+9 
C

9
( 

3
3

s-1
"
"
~

'5
. 

LT 
4 

5 
3

-
0

-
-
-
-

T
 2 3 o ~

:
 ·t .:..·~ ~ 6 

3 ~. s :, N
 

7 4 5 4 ~·i 
0 ,~·c-·-crc-~r4-s--T

o.I 
L

r 
2 

--3
··0

 
T

 2
3

1
 

·C
?::~

Q
S

6
 

3
:~

5
9

N
 

75071•: 
0

2
"
c
1

--·-·c
·1

c
·-··3

3
5

·-u
r;o

~
T

 
3 

6 
250-0 __

_
_

_
 30"""" _

_
_

 _ 

T
2

3
2

 
v:~~-·~~6$ 

3
6

·.JlN
 

7457~-.' 
c·3-:)-C

6c·····-~
·35--r9-;-s-

i"'' 
1 

1
0

0
 

3
0

 
-----r-, -?·?: 3 

C: :· "H
 ~
 6 6 

? 7 -~/~ N
 ·--7 '-+ 4 9 ~ 1! 

0 5 ,:) 
C

 8 C
 

~ 3 S
 

2 fJ. 9 
N

O
 

4 
3 0 .. 

T2?·{.;, 
C

·:·-·A
~

S
6

 
3

c
l1

N
 

71+52
11

1 
si~o 

C
c
( 

3-l+S 
2

2
.3

 
H

V
 

t 
9 

4
0

0
-----3

-0
 _

_
_

_
 _ 

_
_

_
_

 r_2_:=! s 
c s ~-· -~ ~ 6 s 

3 t: 1 c :--.i 
-, 4 s s ~·' 

.c
1 3 '.; 

'., 7 c 
:. 3 s 

2 3 • s 
H

 v 
1 

s 
::, t (fo 

:to 
r ?? 6 

c[;.·.!A
~66 

?
6

 J. 9N
 

1
s-c

:9
:r--e

2
0

 
·c1c·-32·s---c-;r:-.z--cr---i 

1 
rso---:::·Li _

_
_

 _ 
r 2

?
 1 

cLJ,~.~~~66 
: t-ti.9N

 
-, l:.. s ':<-·.' 

:··? ~~ 
· -tr.,c

--~·,s -or. o ~
 '-r··-----i~

------··--r 
3

c
 

-
-
-
-
T

?
~

S
 

1.·.1/.:..~6S 
:<7l'..J;,~ 

7ti!.:.f:'.,j 
v~: 

--~ -'<·····j·3s··--·72·.o--·-·L
r··-·-----·-.. 2

··-----·--·-----·-·1
i-

6
0

 
3

·0
·-

-
-
-

-
-
-

T
2

3
9

 
11··:~

:~
f:6 

311·9.'~ 
'/h7;.4:,,; 

\;)
0

 
. C

7
( 

3
4

5
 

4 
N

O
 

. 
3 

-
~

'4
 

rr-
-
-
-
ic

r
 

3
0

 
T

 2 4 =J 
! 1

.' !· ~ ~ 6 
. ?, 7 ~ 2 :\! 

7 t:.. 2 7 \·J 
C

 ~ .? . 
(.; 7 C

 
~ 3 S 

0 2 • 9
-
C

 I 
• 

'+ 
1

0
 o 

1
2

 
f7

0
 

3
v

 
. 

. 
-
-
-
~

-
I
 ;u

 1 
;-:'"··.~·;::,.;~--".:··:-·~-:nr-71.-,-:--._,-··1·.·: -.-· -··-., ... ,(.···--').:z

-r-i-:r.-·-,----,y
~

----!-.,., -·-··--,-.,----1
·2

· 
T

 ... 1 ._!·ff1t-
--.u 

. 
-

-
-

-
• 

• 
' 

-
·
 

;
:
)
 

-
·
 

/ 
• 

-
I 

' 
~ 

• 
-

.., 
(
.
 

.,, 
,J

 
\,, 

'-
~
 

J. ..') 
'-' '-t • 

I 
j 'V

 
~
 

.1. r... 
T" 

_
. 

T
 2 LJ. 2 

l } 0 

-
~

 ~ 
,
:
-6 

3 7 : S .\J 
7 I.J. 2 4 '/-! 

C,": ;'.3 
. 

~: c C
 

~ 4 S° 
()7

 • 0 
~ID 

1 
:, 

2 7 -:> 0 
3 0 

-----=
r=

-~
-z;-3-1T

~
~

-~
-6--:~

~
rz;?N

t1+
1-s

1;;r·-8 s ·o··-·--o 7 c
-·-3

-r;s---0
-~

-6
--c

r--:--·-
-
-
-
-
-
-
·-

-
-
-
-
~

 
1 rJ

~
o

---:ru
----. 

T
 2L~l:.. 

1
1

:t.~
:~

c6
~

1
:l3

N
7

4
1

4
1

;:r-u
4

T
""'"-G

T
C

--T
4

_
S

 ___ r
o

~
 

[1
 

1 
5 

3
6

0
0

 
3

0
 

-
-
-
-
T

2
6

.f
:. 

J.1:.•.;.0(,6 
?2

J3
i'~

 
7

4
1

6
t·/ 

0
3

?
 

C
6

( 
3

3
S

 
1

2
.8

 
LT 

-
-
9

 
ro-o~

-·--]·a--··----
T

 2 4 6 
· 

l l '·'). ~ S b 
3 7 4 9 N

 I':, 2 9 \ 1.J 
O

 3 0 
~ 6 C

 
3 3 5" 

1
6

 • --0
--N

 O
 

1 
----2

 
3 J 

. 
: 7-6. 7 

l 1 ·~ -~ ~
 S 6 

? 7
? 2 ',! 

: 4: ~·:1 
l~ 3'.: 

.J 6C
 

3 3
S

 
1

9
. z;--r.,15 

:--~
·c

i-----
T

 2 4 s 
1 1 h.:: ':? ~ c 

? , 2 7 \' 
71+ 'J

 :+ ':.! 
,..,. ~ s· 

c: 7 c 
3 3 s 

z-1 • 3
~

 v 
:r 

. -----ro
 

1 , o -
3 u -

-
-

·· 
-
-
-
-
T

 ? t.. 9 
1 !. ~
 ::-6 

? 
"7

 l 7 N
 

7K I.J. 5 1• 1 
• 

u ~ :.: 
0 6 C

 
3 3 s

--2
 3 • 7

---r.1
 

2 
9 

3-Cf 
r;r~c,--~2-~~~~;-·-':.· .. r~-1.i·r·71i.-57'!J 

~·zo-··-n~.,-c--3-?-:s--0·1-;ot_, 
1 

T
o 

~
~

-
-
-

-
-
-
-
t
 2 s 1 

1
2

·:~
~

6
S

 
~

7
-·3

N
 

75:_;~W
 

021-
:.:6

( 
3

3
5

 
0

4
.:) 

t,·1D 
· 

1
--.·-·-·--··-···-1

1
------

. 
S

D
-
-
-
-
. 

-···----~. 
----· ---.. -·-··-·. ·--·--· .. --

·-
. . 

. ·-----····. . . . 
------...c.--. 

K
O

 
=

 rione 
LT 

=
 lig}1 t 

1·~D· =
 m

o
d

erate 
H

V
 

:: h
e

a
v
y
; 

. ' 
' ' 

· ..... -
. .. -0

 
·., ::c 

>
 

en
 

fT
1 



PHASE 
-5 

TA
BLE 

3 

S
p

ecies o
ccu

rrin
g

 ra
re

ly
 in

 o
tte

r tra
w

l catch
es in

 th
e so

u
th

ern
 m

id

A
tla

n
tic 

B
ig

h
t in

 
sp

rin
g

 1
9

6
6

, 

COM
M

ON NAM
E 

A
m

erican shad 

A
rm

ored 
searo

b
in

 

A
tla

n
tic

 an
g

el sh
ark

 

A
tla

n
tic

 cod 

A
tla

n
tic

 m
ack

erel 

A
tla

n
tic

 to
rp

ed
o

 

B
lack

b
elly

 ro
se

fish
 

C
hain d

o
g

fish
 

Faw
n 

cu
sk

-eel 

G
ray se

a
tro

u
t 

L
onghorn scu

lp
in

 

A
tla

n
tic

 h
ag

fish
 

S
ea h

e
rrin

g
 

S
ea 

rav
en

 

S
m

allm
outh flo

u
n

d
er 

S
nake e

e
l 

S
trip

ed
 anchovy 

S
trip

ed
 cu

sk
 e

e
l 

W
hite h

ak
e 

W
in

ter sk
ate 

W
itch flo

u
n

d
er 

(G
ray so

le
) 

SC
IEN

TIFIC
 

NAM
E 

A
lo

sa sap
id

issim
a 

P
e
riste

d
io

n
 m

iniatum
 

S
quati_na d

u
m

erili 

G
adus 

m
orhua 

S
com

ber 
scom

brus 

T
orpedo n

o
b

ilian
a 

H
elico

len
u

s d
acty

lo
p

teru
s 

S
cy

lio
rh

in
u

s re
tife

~
 

L
eE

ophidium
 cervinum

 

C
ynoscion re

g
a
lis 

M
yoxocephalus 

o
cto

d
ecem

sp
in

o
su

s 

M
yxine g

lu
tin

o
sa

 

C
lupea ~~arengus 

H
em

itrip
teru

s am
erican

u
s 

E
tro

p
u

s m
icrostom

us 

O
m

ochelys 
c
ru

e
n

tife
r 

A
nchoa h

ep
setu

s 

R
isso

la m
arg

in
ata 

U
rophycis 

te
n

u
is 

R
aja o

c
e
lla

ta
 

G
ly

p
to

cep
h

alu
s 

cy
n

o
g

lo
ssu

s 



PHASE 
5 

NORTHERN 
SEA

RO
BIN

 

-
~

 
lh

e n
o

rth
ern

 searo
b

in
 P

rio
n

o
tu

s c
a
ro

lin
u

s w
as 

cau
g

h
t in

 

la
rg

e
r q

u
a
n

tity
 th

an
 an

y
 o

th
e
r sp

e
c
ie

s. 
I
t o·ccurred th

ro
u

g
h

 a 
d

ep
th

 

ran
g

e o
f 

6 to
 30 fathom

s 
and tem

p
eratu

re ran
g

e o
f 

8 to
 1

5
° C

 (4
6

-5
9

°F
) 

b
u

t a
ll catch

es o
f 100 pounds 

o
r m

ore 
w

ere in
 10 fathom

s 
o

r le
ss and 

tem
p

eratu
res o

f 1
3

° o
r h

ig
h

er n
o

rth
 o

f 
3

7
° N

 la
t. 

'Ihe la
rg

e
st catch

 

w
as 

1
4

7
5

 p
o

u
n

d
s, 

one o
th

e
r catch

 w
as 

1000 p
o

u
n

d
s, 

6 catch
es w

ere betw
een 

.1
0

0
 and 

300 
p

o
u

n
d

s, 
and 1

1
 catch

es w
ere 

betw
een 25 

and 100 pounds. 
H

alf 

o
f 

th
e 

46 
catch

es 
co

n
tain

in
g

 th
is 

sp
ecies w

ere o
f 10 pounds 

o
r m

ore. 

Y
oung 

o
ccu

rred
 in

 o
n

ly
 2 sam

p
les. 

STR
IPED

 
SEA

RO
BIN

 

S
trip

e
d

 searo
b

in
 P

rio
n

o
tu

s 
ev

o
lan

s w
ere cau

g
h

t a
t 24 sta

tio
n

s 

sp
an

n
in

g
 a 

d
ep

th
 

ran
g

e o
f 

6 to
 

SO 
fath

o
m

s, 
and 

a 
tem

p
eratu

re ran
g

e o
f 

12 to
 1

5
° C

 (5
4

-5
9

° F
). 

I
t o

ccu
rred

 th
~

o
u

g
h

o
u

t th
e n

o
rth

-so
u

th
 e

x
te

n
t 

o
f th

e a
re

a
. 

~
e
 la

rg
e
st cat.ch w

as 
120 in

d
iv

id
u

a
ls w

eig
h

in
g

 50 
p

o
u

n
d

s. 

E
ig

h
t o

f 
24 

catch
es exceeded 10 p

o
u

n
d

s. 
A

ll catch
es o

f 10 pounds 
o

r 

m
ore w

ere m
ade 

in
 w

ater no 
d

eep
er th

an
 10 fath

o
m

s 
and n

o
rth

 o
f 

3
7

° N
. 

la
t. 

SPO
TTED

 
HAKE 

T
he 

sp
o

tted
 h

ak
e U

rophycis 
reg

iu
s w

as 
cau

g
h

t in
 39 

sam
ples 

from
 a

ll d
ep

th
s 

th
ro

u
g

h
o

u
t. th

e . are
a
. 

T
em

pera t_ure 
ran

g
e w

as 
8 

to
 15 °C 

(4
6

-5
9

°F
). 

Ju
v

en
iles o

ccu
rred

 m
ost ab

u
n

d
an

tly
 from

 9 
to

 18 fathom
s 

so
u

th
 o

f 
3

6
° 4

5
' 

N
, 

w
h

ereas.ad
u

lts w
ere m

ost p
le

n
tifu

l from
 17 to

 
70 

fath
o

m
s 

and w
ere d

istrib
u

te
d

.th
ro

u
g

h
o

u
t th

e
 a

re
a
. 

T
he 

la
rg

e
st catch

 

o
f a

d
u

lts w
as 

33 fish
 w

eig
h

in
g

 32 
pounds. 

N
ine 

o
th

e
r catch

es 
co

n
tain

ed
 

10 o
r m

ore 
a
d

u
lts. 



PHASE 
5 

~
 

4 

SQ
U

IRREL 
HAKE 

U
ro

p
h

y
sis 

ch
u

ss 
(red

 h
ak

e) w
as 

m
ost ab

u
n

d
an

t a
t 15 

to
 

30 

fathom
s 

n
o

rth
 o

f 
38° N

 la
t. 

T
h

is 
sp

ecies w
as 

cau
g

h
t in

 
33 

tow
s 

sp
an

n
in

g
 

a 
d

ep
th

 ran
g

e o
f 

9 to
 100 fathom

s 
and a 

tem
p

eratu
re ran

g
e o

f 
9 to

 1
4

° C
 

(4
8

-5
7

° F
). 

'!he so
u

th
ern

 lim
it o

f o
ccu

rren
ce w

as 
36° 10

1 N
. 

Ju
v

en
iles 

and a
d

u
lts o

ccu
rred

 to
g

eth
er in

 sh
o

aler w
aters, 

b
u

t young w
ere n

o
t 

~
aken in

 w
aters d

eep
er th

an
 30 

fath
o

m
s. 

T
he 

la
rg

e
st catch

 in
 a 

tow
 w

as 

75 
pounds. 

F
our a

d
d

itio
n

a
l catch

es w
ere betw

een 10 and 36 
pounds. 

SILV
ER

 HAKE A
lso know

n 
as w

h
itin

g
, 

M
erlu

cciu
s b

ilin
e
a
ris w

as 
cau

g
h

t a
t 51 

sta
tio

n
s th

ro
u

g
h

 a 
d

ep
th

 
ran

g
e o

f 
6 to

 100 fathom
s 

and from
 th

e n
o

rth
ern

 

to
 th

e
 

so
u

th
ern

 edge o
f th

e su
rv

ey
 a

re
a
. 

A
d

u
lts w

ere m
ost ab

u
n

d
an

t n
o

rth
 

o
f 

36° 40
1

. N
 and 

seaw
ard o

f 
th

e 
20 

fathom
 co

n
to

u
r. 

D
istrib

u
tio

n
 o

f 

young and a
d

u
lts w

as 
som

ew
hat com

plem
entary, 

tle 
young 

b
ein

g
 m

ore 

ab
u

n
d

an
t shorew

ard o
f 

th
e 

20 
fathom

 co
n

to
u

r, 
w

hereas 
th

e
 a

d
u

lts w
ere 

m
ore 

num
erous 

seaw
ard. 

H
ow

ever, 
th

e sep
aratio

n
 w

as 
incom

plete.. 
A

d
u

lts 

w
ere 

scarce so
u

th
 o

f 
36° 

4
0

' 
N

. 
T

he 
la

rg
e
st catch

 o
f a

d
u

lts w
as 

300 

in
d

iv
id

u
a
ls w

eighing 
75 

pounds. 
In

 17 tow
s 

th
e
 catch

 w
as 

10 o
r m

ore 

a
d

u
lts. 

G
O

O
SEFISH

 T
he g

o
o

sefish
 o

r a
n

g
le

r, 
L

ophius am
erican

u
s, 

o
ccu

rred
 th

ro
u

g
h

 

th
e
 ran

g
e o

f d
ep

th
s, 

la
titu

d
e
s, 

and 
tem

p
eratu

res 
sam

pled. 
E

ven though 

th
e la

rg
e
st num

ber o
f fish

 cau
g

h
t in

 a 
tow

 w
as 

4
, 

th
e la

rg
e
 siz

e
 o

f th
e 

in
d

iv
id

u
a
ls m

ade 
them

 an
 im

p
o

rtan
t p

a
rt o

f th
e c

a
tc

h
. 

T
he 

av
erag

e catch
 

~
 

in
 th

e 
30 

tow
s 

co
n

tain
in

g
 a

d
u

lts w
as 

16 pounds. 
T

he 
la

rg
e
st catch

 w
as 

47 
pounds. 

Y
oung w

ere cau
g

h
t a

t 4 sta
tio

n
s o

f 
30 

to
 

50 
fathom

s 
d

ep
th

. 



-
~

 

PHASE 
5 

SM
O

aI'H
 D

O
G

FISH
 

T
he 

sm
ooth d

o
g

fish
, 

M
u

stelu
s can

is w
as 

cau
g

h
t a

t 9 sta
tio

n
s 

in
 w

ater from
 6 to

 15 fathom
s 

deep from
 th

e so
u

th
ern

.p
o

rtio
n

 o
f th

e 

su
rv

ey
 area to

 th
e n

o
rth

ern
 ed

g
e. 

T
em

p
eratu

res w
ere 13 to

 1
4

° C
 

(S
S

-5
7

°F
). 

T
he 

la
rg

e
st catch

 w
as 

8 a
d

u
lts w

eig
h

in
g

 19 pounds. 
Y

oung 

w
ere n

o
t cau

g
h

t. 

SPIN
Y

 D
O

G
FISH

 

S
p

in
y

 d
o

g
fish

 S
qualus acan

th
ias w

ere 
cau

g
h

t in
 18 to

w
s, 

a 
n

o
t

ab
le red

u
ctio

n
 in

 freq
u

en
cy

 o
f 

o
ccu

rren
ce sin

ce w
in

ter. 
T

hey w
ere tak

en
 

th
ro

u
g

h
o

u
t th

e 
ran

g
e o

f d
ep

th
s 

sam
pled 

and a
lso

 from
 n

o
rth

ern
 to

 so
u

th
ern

 

ex
trem

es o
f th

e
 su

rv
ey

 a
re

a
. 

T
he 

la
rg

e
st catch

 w
as 

8 a
d

u
lts w

eighing. ·29 

pounds. 
Y

oung 
w

ere asso
ciated

 w
ith

 a
d

u
lts. 

CLEARNOSE 
SKATE 

T
he 

clearn
o

se sk
ate R

aja e
g

la
n

te
ria

 o
ccu

rred
 in

 9 sam
p

les, 

m
o

stly
 from

 w
aters sh

o
aler th

an
 20 

fathom
s 

so
u

th
 o

f 
37° N

 la
t. 

T
em

pera

tu
re

 ran
g

e w
as 

1
1

 to
 1

5
° C

 (5
2

-5
9

°F
). 

T
he 

la
rg

e
st catch

 w
as 

22 
sk

ates 

w
eighing 

38 
pounds. 

LITTLE 
SKATE 

R
aja erin

acea, 
th

e little
 sk

ate,.w
as cau

g
h

t a
t 12 sta

tio
n

s 

ran
g

in
g

 from
 6 to

 
40 

fathom
s 

and m
o

stly
 n

o
rth

 o
f 

37° N
 la

t. 
T

em
pera

tu
re

 ran
g

e w
as 

9 to
 14 ° C

 ( 4-8-5 7 °F
). 

Y
oung 

and a
d

u
lts o

ccu
rred

 in
 th

e 

sam
e 

a
re

a
. 

T
he 

la
rg

e
st catch

 w
as 

o
n

ly
 one in

d
iv

id
u

a
l w

eig
h

in
g

 2 pounds. 

RO
SETTE 

SK
A

TE 

T
he 

ro
se

tte
 sk

ate R
aja g

arm
an

i, 
lik

e
 th

e
 clearn

o
se o

ccu
rred

 

m
o

stly
 so

u
th

 o
f 

37° N
 la

t. 
H

ow
ever, 

it w
as 

cau
g

h
t in

 o
n

ly
 6 tow

s 
and 

th
e la;rg

est catch
 w

as 
5 a

d
u

lts w
eig

h
in

g
 8 pounds. 

D
epth ran

g
e w

as 
20 

to
 

70 
fath

o
m

s, 
tem

p
er~

tu
re ran

g
e 8 to

 1
2

° C
 (4

6
-5

4
°F

). 
Y

oung 
and a

d
u

lts 

w
o

re
 
c
a
u

g
h

t. 



PHASE 
5 

Y
ELLO

W
TA

IL FLO
U

N
D

ER 

T
ile 

y
e
llo

w
ta

il L
im

anda ferru
g

in
ea o

ccu
rred

 in
 o

n
ly

 7 sam
p

les, 

a
ll tak

en
 n

o
rth

 o
f 

37° 2
0

' 
N

a
t d

ep
th

s o
f 

15 
to

 
30 

fath
o

m
s. 

T
em

perature 

ran
g

e w
as 

10 to
 1

3
° C

 (S
0

-5
5

°F
). 

Ju
v

en
iles and a

d
u

lts w
ere 

tak
en

 in
 

th
e
 sam

e 
to

w
s. 

W
IN

TER FLO
U

N
D

ER 

P
seu

d
o

p
leu

ro
n

ectes am
erican

u
s, 

a
lso

 c
a
lle

d
 b

lack
b

ac~
, 

o
ccu

rred
 

in
 29 

sam
ples from

 
36° 

4
0

' 
N

 la
t. 

to
 th

e n
o

rth
ern

 edge o
f th

e
 su

rv
ey

 a
re

a
. 

D
epth 

ran
g

e w
as 

7 to
 

30 
fathom

s 
and tem

p
eratu

re ~ange 
9 to

 15°C
 

(4
8

-5
9

°F
). 

T
he 

la
rg

e
st catch

 in
 a 

tow
 w

as 
138 fish

 w
eighing 100 pounds. 

S
even o

th
e
r 

catch
es w

ere o
f 10 to

 25 
pounds. 

W
INDOW

PANE FLO
U

N
D

ER 

T
he w

indow
pane o

r d
a
y

lig
h

t flo
u

n
d

er S
cophthalm

us aquosus 

o
ccu

rred
 in

 26 
sam

ples from
 a 

d
ep

th
 ran

g
e o

f 
6 to

 18 fathom
s 

th
ro

u
g

h
o

u
t 

th
e n

o
rth

-so
u

th
 e

x
te

n
t o

f th
e a

re
a
. 

T
em

perature ran
g

e w
as 

11 to
 1

5
° C

 

(5
2

-5
9

°F
). 

T
he 

la
rg

e
st catch

 w
as 

12 a
d

u
lts w

eig
h

in
g

 
7 pounds. 

Ju
v

e

n
ile

s w
ere cau

g
h

t.o
n

ly
 tw

ice, 
a
t 15 

and 16 fath
o

m
s. 

FO
U

RSPO
T FLO

U
N

D
ER 

T
he 

fo
u

rsp
o

t flo
u

n
d

er, 
P

aralich
th

y
s oblongus o

ccu
rred

 in
 23 

sam
ples o

b
tain

ed
.fro

m
 a 

d
ep

th
 

ran
g

e o
f ·15 

to
 .100 fath

o
m

s. 
T

he 
la

rg
e
st 

catch
 w

as 
24 a

d
u

lts w
eighing 

7 pounds. 
T

em
perature ran

g
e w

as 
8 to

 1
5

° C
 

(4
6

-5
9

°F
). 

T
he 

fo
u

rsp
o

t w
as 

g
e
n

e
ra

lly
 d

istrib
u

te
d

 from
 n

o
rth

 to
 so

u
th

. 

Y
oung w

ere cau
g

h
t in

 w
ater o

f 
30 

fathom
s 

o
r le

ss. 

G
U

LFSTREA
M

 FLO
U

N
D

ER 

T
he g

u
lfstream

 flo
u

n
d

er C
ith

arich
th

y
s a

rc
tifro

n
s, 

o
ccu

rred
 

g
en

eral~
y

 th
ro

u
g

h
o

u
t th

e
 a

re
a
, 

b
u

t b
ecau

se o
f its

 sm
all siz

e
 it h

as 

little
· com

m
ercial p

o
te

n
tia

l. 



~
 

PHASE 
5 

NORTHERN 
PU

FFER 

T
ile 

n
o

rth
ern

 p
u

ffe
r S

p
h

aero
id

es m
acu

latu
s, 

a
lso

 c
a
lle

d
 sw

e
ll

fish
 and blow

 to
ad

, 
o

ccu
rred

 in
 10 

sam
ples from

 d
ep

th
s o

f 
6 to

 lS
 

fathom
s 

th
ro

u
g

h
o

u
t th

e
 n

o
rth

-so
u

th
 e

x
te

n
t o

f 
th

e a
re

a
. 

T
he 

tem
p

eratu
re 

ran
g

e w
as 

12 to
 1

5
° C

 (5
4

-5
9

°F
). 

T
he 

la
rg

e
st catch

 w
as·3

1
 in

d
iv

id
u

a
ls 

w
eig

h
in

g
 7 p

o
u

n
d

s. 

A
LEW

IFE 

T
he 

a
le

w
ife

, 
A

losa p
seu

d
o

h
aren

g
u

s w
as 

tak
en

 a
t 1

1
 sta

tio
n

s, 

a
ll n

o
rth

 o
f 

37° 10
1 

N
 la

t. 
and 

ran
g

in
g

 in
 d

ep
th

 from
 

6 to
 17 fath

o
m

s. 

T
em

perature ran
g

e w
as 

1
1

 to
 1

4
° C

 (5
2

-5
7

°F
). 

B
ecause th

e
 alew

ife is
 

a 
p

e
la

g
ic

 fish
, 

p
ro

b
ab

ly
 o

u
r sam

ples a
re

 in
ad

eq
u

ate to
 d

eterm
in

e its
 

d
istrib

u
tio

n
 a

c
c
u

ra
te

ly
. 

NORTHERN K
IN

G
FISH

 

M
en

ticirrh
u

s 
sa

x
a
tilis, 

th
e n

o
rth

ern
 k

in
g

fish
 w

as 
cau

g
h

t in
 

8 tow
s 

in
 w

ater o
f 

7 to
 10 fathom

s 
from

 
35° 

SO
' 

N
 to

 37° 
3

5
' 

N
. 

T
~

m
pera

tu
r~

 ran
g

e w
as 

13 to
 1

4
° C

 (5
5

-5
7

°F
). 

T
he 

la
rg

e
st catch

 w
as 

ab
o

u
t 5 

pounds. 

HADDOCK 

Ju
v

en
ile haddock M

elanogram
m

us 
aeg

lefin
u

s w
ere cau

g
h

t in
 8 

tow
s a

t d
ep

th
s 

ran
g

in
g

 from
 16 to

 SO 
fathom

s 
from

 
36° 4

0
' 

N
 to

 th
e n

o
rth

ern
 

edge o
f 

th
e a

re
a
. 

T
em

perature ran
g

e w
as 

9 to
 1

2
° C

 (4
8

-5
4

°F
). 

T
he 

la
rg

e
st catch

 w
as 

7 ju
v

e
n

ile
s w

eighing 
3 pounds. 

A
d

u
lts w

ere n
o

t cau
g

h
t. 

OCEAN POUT · T
he 

o
cean

 p
o

u
t M

acrozoarces· am
erican

u
s w

as 
cau

g
h

t in
 o

n
ly

 7 

sam
p

les. 
T

he 
la

rg
e
st c

a
tc

h
, 

33 
fish

 w
eig

h
in

g
 

39 
pounds, 

w
as 

m
ade 

n
ear 

a 
g

ro
u

p
 o

f 
sc

a
llo

p
e
rs. 

T
he o

cean
 p

o
u

ts h
ad

 been feed
in

g
 on o

ffa
l d

is

card
ed

 from
 th

e
 sc

a
llo

p
 v

e
sse

ls. 
A

n
o

th
er catch

 o
f 1

7
 pounds w

as 
m

ade 



· PH.ASE. 
5 

u
n

d
er sim

ila
r circu

m
stan

ces. 
O

cean p
o

u
t w

ere 
cau

g
h

t a
t d

ep
th

s o
f 15 

to
 40 

fathom
s 

from
 37° 19

1 
N

 to
 th

e n
o

rth
ern

 boundary o
f th

e su
rv

ey
·area. 

T
em

perature ran
g

e w
as 

9 to
 l2

°C
 

(4
8

-5
4

°F
) •. 

SCU
P 

Ju
v

en
ile S

tenotom
us 

ch
ry

so
p

s w
ere d

istrib
u

te
d

 th
ro

u
g

h
 

th
e 

e
n

tire
 sam

p
lin

g
 area in

sh
o

re from
 th

e
 

20 
fathom

 cu
rv

e. 
T

em
perature ran

g
e 

w
as 

11 to
 15°C

 
(5

2
-5

9
°F

). 
O

nly 1
1

 a
d

u
lts w

ere cau
g

h
t and th

ey
 w

ere 

tak
en

 from
 th

e
 area in

h
ab

ited
 by ju

v
e
n

ile
s. 

In
 w

in
ter a

d
u

lts w
ere tak

en
 

p
rim

arily
 so

u
th

 o
f 

37° N
. 

In
 M

ay a
d

u
lts w

ere 
tak

en
 o

n
ly

 n
o

rth
 o

f 
th

a
t 

p
a
ra

lle
l and in

 m
uch 

sm
aller num

bers. 

BLACK SEA
BA

SS 

C
en

tro
p

ristes stria
tu

s w
as 

g
e
n

e
ra

lly
 d

istrib
u

te
d

 th
ro

u
g

h
o

u
t 

-a
ll d

ep
th

s 
sam

pled and from
 n

o
rth

 
to

 so
u

th
 in

 th
e su

rv
ey

 a
re

a
. 

T
em

pera

tu
re

 ran
g

e w
as 

8 
to

 l4
°C

 
(4

6
-5

7
°F

). 
Ju

v
en

iles o
ccu

rred
 in

 b
u

t 6 

sam
ples and w

ere asso
ciate~

 w
ith ad

u
lts. 

The 
larg

est catch w
as 

16 f~
sh 

w
eighing 3 pounds. 

SU
M

M
ER

 
FLO

U
N

D
E

R
 

T
he 

flu
k

e
, 

P
aralich

th
y

s d
en

tatu
s 

o
ccu

rred
 in

 21 
sam

ples 
th

ro
u

g
h



o
u

t th
e 

su
rv

ey
 area 

seaw
ard to

 th
e 

30 fathom
 cu

rv
e. 

T
em

perature ran
g

e 

w
as 

9 to
 15°C

 
(4

8
-5

9
°F

). 
Y

oung 
w

ere n
o

t cau
g

h
t. 

T'ne 
av

erag
e catch

 o
f 

th
e 

21 
tow

s 
co

n
tain

in
g

 th
is sp

ecies w
as 

2 in
d

iv
id

u
a
ls. 

T
he 

la
rg

e
st 

catch
 in

 a-to
w

 w
as 

7
. 

B
U

TTER
FISH

 A
d

u
lt P

o
ro

n
o

tu
s tria

c
a
n

th
u

s w
ere g

e
n

e
ra

lly
 d

istrib
u

te
d

 th
ro

u
g

h


o
u

t th
e n

o
rth

-so
u

th
 e

x
te

n
t o

f 
th

e su
rv

ey
 area a

t a
ll d

ep
th

s 
sam

p
led

, 
b

u
t 

ju
v

e
n

ile
s o

ccu
rred

 o
n

ly
 in

 w
ater sh

o
aler th

an
 ·16 

fath
o

m
s. 

T
em

perature 

ran
g

e w
as 

9 to
 l5

°C
 

(4
8

-5
9

°F
). 

T
he 

la
rg

e
st catch

 w
as 

50 
pounds. 

O
nly 

2 o
th

e
r catch

es w
ere 10 o

r m
ore 

pounds. 



PHASE 6 

CO
LLECTIO

N
 OF M

A
TERIA

LS 
AND DATA 

FOR AGE-GROW
TH A

N
A

LY
SIS 

P
a
rt. 1 

AGE AND GROW
TH OF 

THE STR
IPED

 SEA
RO

BIN
 

B
y 

JO
H

N
 D

. 
M

cEACHRAN AND JA
CK

SO
N

 D
A

V
IS 

V
IR

G
IN

IA
 IN

STITU
TE OF M

ARINE SpIEN
C

E 
:lt l 

I 

GLOUCESTER 
PO

IN
T, 

V
IR

G
IN

IA
 

P
a
rt 2 

AGE AND GROW
TH OF 

THE NORTHERN SEA
RO

BIN
 

B
y 

R
O

B
ER

TS. 
P. 

W
ONG 

V
IR

G
IN

IA
 IN

STITU
TE OF M

ARINE SCIEN
CE 

GLOUCESTER PO
IN

T, 
V

IR
G

IN
IA

 

P
a
rt 3 

AGE AND GROW
TH OF 

THE S ffiTTED
 

HAKE 

C
h

a
rle

s A
. 

B
aran

s 

V
IR

G
IN

IA
 

IN
STITU

TE OF M
ARINE SCIEN

CE 

GLOUCESTER 
PO

IN
T, 

V
IR

G
IN

IA
 



~
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P
a
rt 1 

A
G

E 
A

N
D

 
G

RO
W

TH
 O

F 
TH

E 
S

T
R

IP
E

D
 SE

A
R

O
B

IN
 

' ~l 
B

y 

JO
H

N
 

D
. 

M
cEA

C
H

R
A

N
 

A
N

D
 

JA
C

K
SO

N
 

D
A

V
IS 

.V
IR

G
IN

IA
 

IN
ST

IT
U

T
E

 
O

F 
M

A
R

IN
E 

SC
IE

N
C

E
 

G
LO

U
C

ESTER
 

P
O

IN
T

, 
V

IR
G

IN
IA

 

. ·--
..... --· 



A
ge 

an
d

 
G

row
th

 
o

f 
th

e 
S

trip
ed

 
S

earob
in

 

J
o

1
-1

N
 

D
. 

M
c
E

A
c

11H
A

N
 

A
i\D

 
]A

c
K

S
O

N
 

D
w

1s 

,\la
d

e 
Ill U

nited S
tutes o

j A
m

erica 
R

cp
rin

tc<l 
fro

m
 T11A:-;s,,cn

o
:-.s 

<>F 
TIIF. 

A
~

IE
H

IC
A

:-; 
F1s11rnn:s 

S
o

c
n

:T
Y

 

V
o

l. 
99, 

N
o

. 
2. 

A
p

ril 
1970 

p
p

. 343
--3.52 



A
ge an

d
 

G
row

th 
o

f th
e S

trip
ed

 S
earoh

in
1 

J
o

m
, 

D
. 

:\Ic
E

A
c

1IR
A

J\ 
A

,';D
 

J.-\C
K

S
O

N
 

D
A

V
IS 

l'irginia In
stitu

te o
f M

arine Science, 
G

loucester P
oint, V

irginia 
23062 

A
B

ST
R

A
C

T
 

A
ge, 

rate 
o

f 
gro

w
th. 

,p
aw

n
in

g
, 

an
d

 
w

eig
ht-len

g
th

 
relatio

nsh
ip

 
o

f 
the 

strip
ed

 
searo

b
in, 

P
rionotus ero/1111s. w

ere stu
d

ied
. 

T
h

e fish w
e

re co
llected fro

m
 C

h
esap

eak
e B

igh
t an

d
 C

h
esap

eak
e 

D
ay d

u
rin

g
 1966 an

d 
1967. 

A
g

e w
as d

eterm
in

ed
 

from
 

o
lo

lith
s w

hich 
h

a
d 

been
 cro

ss-section
ed

, 
poli5h

cd
. an

d
 

l1t•atrd
. 

A
)!e 

gru
u

p
s 

O
 to 

\'ll w
ere 

rep
rl's~

n
ted

 
in 

th
e 

sa1n]1lc 
o

f 8
0

3
 specim

en
s . 

. \[ales an
d

 fem
ales h

ad 
th

e sam
e g

ro
w

th
 rate a

nd 
w

eigh
t-len

g
th

 rela
tion

sh
ip. 

G
ro

w
th

 
in len

g
th

 
w

as rap
id

 u
n

til th
e fi:;h reach

ed m
a

tu
rity

 a
t ag

e II. 
A

g
e g

ro
u

p
 11 ·m

·cra{!Cd 221 
m

m
 fork len

g
th. 

T
h

e fish 
acco

m
p

li,h
ed 

m
ost 

an
n

ua
l 

g
ro

w
th 

betw
een 

M
a

y a
n

d
 S

ep
tem

b
er. 

S
p

aw
n

in
g 

occu
rred 

fro
m

 
;1!:iy 

th
ro

u
gh th

e 
first 

pa
rt o

f J u
lr. 

L
'iT

R
O

D
U

C
T

IO
,'; 

T
h

e 
strip

ed 
searo

bin
, 

P
rionotus 

euo
la

ns 
( I .inn::icus)

, 
is 

a 
bc11thic 

fish 
occu

n
in

g 
on 

lh
c co

n
tin

ental ~helf fro
m

 C
ap

e C
od to S

o
uth 

C
aro

lin
a (B

igelow
 an

d
 S

ch
ro

ed
er, 19

5
3

) 
::incl 

stray
in

g to the lo
,rcr B

ay o
f F

u
n

d
y

 (L
eim

 ::ind 
D

ay, 
1

9
5

9
) 

an
d

 
the 

n
o

rthea!'tern 
co

ast 
of 

F
lo

rid
a 

(B
ullis an

d
 T

h
o

m
p

so
n, 19

6
5

)
. 

T
h

is stu
d

y describes a 
tech

n
iq

u
e fo

r deter
m

in
in

g
 the 

age 
o

f th
e 

strip
ed 

searo
bin

, 
::ind 

reports 
th

e 
rate 

o
f 

g
ro

w
th

, 
::ige 

at 
sex

ual 
m

aturity, 
sp

aw
ning 

lim
e, 

an
d

 
w

eig
h

t-leng
th 

relatio
nsh

ip
 

of 
the 

species 
in 

C
hesap

eake 
B

ig
ht. 

~
IA

T
E

R
IA

L
 

In
 

1966 a
n

d
 

1967, a 
to

tal o
f 16

0
0

 striped 
sea

robins 
w

as 
collected 

fro
m

 
the con

tinental 
shelf. 

inlets, 
an

d 
estuaries. 

T
h

e 
fish 

w
ere 

co
llected d

u
rin

g all fo
u

r seaso
ns o

f 19
6

6
 an

d 
du

rin
g 

th
e first 

th
ree seasons 

o
f 

19
6

7
. 

T
h

e 
b

u
lk o

f specim
ens ca

m
e fro

m
 th

e· con
tin

en
tal 

shelf 
betw

een 
C

ap
e H

enlopen
, D

elaw
are 

an
d

 
C

ap
e IIatlcras, ;\o

rth 
C

arolin
a, 

at 
depth

s 
of 

5 lo 100 fath
o

m
s. 

T
h

e sam
p

les w
ere collected 

ab
o

ard
 th

e traw
ler "S

ea B
reeze," u

n
d

er ch
a

rter 
to 

the 
V

irg
inia 

In
stitute 

of 
i\Iarinc S

cience. 
T

h
e <:ollectin

g 
gea

r 
w

as 
a 

sem
i-balloo

n 
tra

w
l 

w
ith 

a 
0

.5-inch 
stretch 

m
esh 

in
n

er 
lin

er 
in 

19
6

6
 an

d
 sum

m
e

r 1967, a
nd a

n A
tlan

tic w
est· 

c
rn traw

l w
ith a 

2-in
ch stretch m

esh cod en
d 

in
 th

e rem
ain

d
er o

f 1967. 
E

stu
arin

e 
sa

m
ples, 

taken 
fro

m
 

C
h

esap
eake 

B
a

y, 
co

m
p

rised 
o

nly 
4,%

 
o

f 
th

e 
co

llectio
n. 

T
hey w

ere o
b

tain
ed 

fro
m

 a p
o

u
m

l n
et on th

e 

1 C
o

n
trib

u
tion N

o
. 3

19, V
irg

inia ln
stitu

te o
f 1\Iarin

c 
S

c
ie

n
ce, G

lo
u

cester 
P

oin
t, V

irg
in

ia 23062. 

Jam
es 

R
iver 

in 
1

96
6

 an
d

 
from

 
a 

po
u

n
d

 n
et 

on th
e Y

o
rk R

i,·er in 19
6

7. 
L

ess th::in 0
.4%

 of the specim
en

s w
ere cau

g
h

t 
in

 in
lets 

o
n the seaside o

f th
e E

astern S
h

o
re 

o
f V

irg
inia d

u
rin

g th
e sp

rin
g an

d
 sum

m
e

r o
f 

19
6

6
 an

d 19
67. 

T
h

ese sam
p

les w
ere co

llected 
b

y
 a 

traw
l w

ith a 0.75-inch stretch m
esh 

co
d 

end. 
A

ll 
fish 

w
ere 

w
eig

hed 
in 

g
ram

s an
d

 
m

ea
su

red
 to the nearest m

illim
eter o

f fork leng
th. 

F
ish of each sex w

ere classified as: 
im

m
a

tu
re, 

g
r~l\·id, ru

n
nin

g rip
e o

r spen
t, b

y m
acro

scop
ically exam

in
ing th

eir go
n

ads. 
A

 ·sub!'am
plc 

o
f 8

03 
fish

, 
representing 

all 
o

f 
th

e 
sam

plin
g 

pe
riods, 

w
as 

used 
fo

r 
ag

e 
dete

rm
in

atio
n

 
b

y 
an

a
lysis 

of h
ard 

pa
rts. 

In
 

1966, 
scales, 

o
percu

la, 
an

d
 

oto
lith

s 
w

ere 
re

m
oved 

from
 

th
e selected 

fish. 
In

 1067, on
ly 

o
to

litlis· w
e

re co
llected ::is scales an

d o
pereu

la 
proved to be un. u

itab
le for age determ

in
a

tio
n

. 
T

he 
o

to
lith

s 
w

ere stored 
in

 
vials 

co
ntain

in
g

 
co

rn
 sy

ru
p an

d
 several d

ro
p

s of phen
ol. 

A
C

F. 
A

l\D
 

G
H

O
W

T
H

 

O
tolith 

m
ethod 

A
ge w

as d
eterm

ined by coun
tin

g an
n

uli in 
sectio

ned 
an

d
 h

eated 
o

toliths. 
D

eterm
in

atio
n 

o
[ ag

e from
 

ololiths 
is 

based 
o

n
 

th
e theo

ry
 

th
a

t fish in
 tem

p
erate reg

io
ns un

d
erg

o
 an

uu
al 

flu
ctuatio

ns 
in 

g
ro

w
th 

rate 
a

n
d

 
th

a
t 

th
ese 

fluctuation
s 

a
re 

reflected 
in 

th
e 

co
m

p
o

sition 
of 

th
e 

otoliths. 
O

toliths 
are 

com
posed 

of 
calciu

m
 

carb
o

n
ate cry

stals 
entw

ined 
in

 
pro

lcinaceo
us 

fibers 
(H

ick
ling, 

19
3

1
). 

M
o

st o
f 

the 
calcium

 
carb

o
n

ate 
is 

dep
osited 

o
n 

th
e 

o
tolith 

d
u

rin
g

 
the 

w
arm

 
p

eriod 
of 

th
e 

year 
w

hen
 the fish arc g

ro
w

ing ra
pidly, w

h
ile m

o
st 

343 
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M
cE

A
C

I!R
A

N
 A

N
D

 
D

A
V

IS
-

:\G
E

 M
W

 C
H

O
W

T
II 

O
F

 S
T

H
ll'E

IJ S
E

A
IW

U
IN

 
3

4
5

 

o
f 

Lhc 
p

ro
tein 

is 
d

ep
o

sited 
d

u
rin

g 
th

e 
co

ld 
seaso

n w
h

en 
fo:h g

ro
w

 slo
w

ly 
(Irie, 1957 an

d
 

1960
). 

T
h

u
:; 

a 
yea

r's 
gro11"lh

 
co

n
5i5ls 

o
f 

a 
w

id
e 

in
o

rg
a

nic 
b

an
d 

an
d

 
a 

n
arro

w
 

p
rolcin

acco
u

s b
an

d
. 

T
h

e latter. co
n

sid
ered 

to b
e th

e 
an

n
u

lus, can
 

b
e ch

a
rred

 
b

y
 h

ea
lin

g a
n

d
 th

u
s 

d
iffcren

lia
lcd

 fro
m

 th
e c

ry
stallin

e b
an

d
 (L

aw


ler 
an

d
 

l\lcR
a

c, 
19

6
]; 

C
h

risten
sen

, 
196

1; 
P

o
in

sa
rd

 a
n

d
 T

ro
ad

cc, 1966
). 

O
to

H
th

s 
o

f 
th

e 
strip

ed
 

scaro
b

in
 

w
ere 

im


b
cd

d
cd 

i11 
a 

h
eal-resistan

t 
plaster 

(V
cl 

~
!ix 

S
to

n
e)

. 
fi rsl, 

w
et 

p
laster 

w
as 

p
o

u
red 

in
to

 
c~·linclrira

l p
ap

er m
old

s a
n

d
 the~

 slig
h

tly
 O

l'C
r 

o
n

e-h
a

lf o
f th

e o
to

lith
 w

as in
se

rted o
n

 a p
lan

e 
p

e
rpen

d
ic

u
lar lo its lo

n
g ax

is. 
T

h
e p

ro
tru

d
in

g 
sectio

n o
f the o

to
lith

 w
as g

ro
u

n
d

 o
ff o

n
 a w

h
et 

sto
n

e. 
T

h
e
 

o
to

lith 
w

as 
fu

rth
er 

g
ro

u
n

d
 

w
ith 

#
3

2
0

 
alu

n
d

u
m

 
to 

ex
p

o
se 

th
e 

n
u

cleu
s 

an
d 

poli:-ht'cl 
1\"ith =

 10
0

 an
d 

=
600 alu

n
d

u
m

. 
T

h
e 

p
o

lish
ed 

o
tu

lith
s 

,rere p
laced

 in
 a

n 
o

,e
n 

an
d

 
g

rad
u

ally
 h

eated
 lo

 5
3

0
 C

 in
 20 m

in
u

tes. 
T

h
e 

o
to

lith
s 

,re
rc 

a
llo

"·ed 
lo

 
co

o
l 

an
d

 
ex

am
in

ed 
w

ith 
n 

dissecl in
~ 

m
icro

sco
p

e 
a
t 

l4X
. 

T
h

e 
b

an
d

ed
 

n
atu

re o
f th

e 
o

to
lith

 
b

ecam
e distin

ct 
after sel'cral d

ro
ps o

f g
ly

cerin
 w

ere placed 
011 

its 
sn

rface. 
R

in
g

s 
w

ere 
cro

w
d

ed 
a

lo
n

g
 

th
e 

,·cn
lra

l 
rad

iu
s 

o
f 

th
e _o

to
lilh

 
b

u
t 

w
ere 

ll'C
II 

sep
arated alo

ng th
e d

o
rsal rad

iu
s 

(F
ig

u
re 1

)
; 

lh
ercfo

i·e, 
ag

e 
w

as 
d

eterm
in

ed
 

b
y 

co
u

n
tin

g 
an

n
u

li :tlo
n

g
 th

e d
orsal rad

iu
s. 

O
n

ly 
o

n
e 

p
ro

lein
aceo

u
s 

b:rnd 
w

as 
fo

rm
er! 

· each y
ea

r, th
erefo

re th
e n

u
m

b
er o

f d
ark

 b
an

d
s 

is 
a 

rn
lid 

in
d

ica
to

r 
o

f 
ag

e. 
T

h
e 

an
n

u
lu

s 
fo

r111cd in a
u

tu
m

n
 an

d
 rem

a
in

ed o
n th

e rn
n

rg
in 

o
f th

e o
to

lith
 u

n
til g

ro
w

th resu
m

ed Lite fo
llow


in~

 sp
rin

g 
(fig

u
re 

2
)

. 
A

b
o

u
t o

ne-fou
rth

 
o

f 
th

e y
earlin

g
s cap

tu
red in

 F
eb

ru
a

ry a
n

d i\la
rch 

h
ad

 
a 

n
arro

w
 

in
org

a
nic 

b
an

d
 

o
u

tsid
e 

th
e 

an
n

u
lu

s 
(F

ig
u

re la
)

. 
In 

M
ay

, a
fter 

g
o

n
adal 

d
el'elo

p
m

cn
l 

w
as 

n
ea

rly 
co

m
p

lete, 
c

rystallin
e 

m
ar;;in

s first ap
p

ea
red o

n
 th

e o
to

lith
s o

f o
ld

er 
fish 

(F
ig

n
re 

lb
)

. 
T

h
e 

p
ercentag

e o
f c

rystal· 
lin

e m
arg

in
s in

crea
sed th

ro
u

g
h Ju

ly
. 

A
n

n
u

lu
s 

f o r111al io
n be~

a
n in

 A
 ug

usl an
d

 th
e pe

rcent .l/!C
 

o
f 

o
lo

lith
s 

w
ith 

p
ro

tein
 

m
a

rg
in

s 
in

creased 
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O

 ~ ., .. 
I B

O
 

~
 --, ···,-~-, -·· -·, \ ...... , J

,oo 
A

J''l. 
11~r 

.:v.r 
.:1.n,, 

.:.IJG
 

"t'' r 
ccr 

,.ov 
otc. 

11cr. -~s 

F1cu1n: 2
.-S

c
a
rn

n
a

l 
ch

a
ng

e 
in 

th
e 

m
a

rg
in 

o
f 

th
e 

o
tolith 

o
f 

the strip
ed 

sea
rob

in. 

th
ro

u
g

h 
D

ecem
b

er. 
Y

carlin
~

s a
n

cl 
o

ld
e

r 
fish 

fo
rm

ed 
an

n
u

li 
at 

the s.im
c 

L
im

e 
( F

if!u
rcs le

 
an<l 

l d)
. 

H
.cllucliu

n
 

o
f 

1:roll'lh 
1\"ilh

 
tim

e 
an

d
 

ir


rcg
11la

rilies in
 g

ro
w

th of so
m

e o
f th

e o
to

lith
s 

m
a

d
e 

a
/!e 

d
ctPrm

in
alio

n 
un

cl'rla
in

 
a

ftr
r 

ag
e 

sev
en. 

A
ccessory 

rin
gs, 

th
in

n
e

r 
a11J 

less 
dis

tin
ct 

th
an

 
th

e 
lll'o 

en
co

m
p

assin
g 

rin
gs, 

oc
ca~

ion
ally 

o
ccu

rred
 

( Fig
u

re 
3
a
). 

ln
 

a 
few

 
fish 

d
o

uble an
n

u
li 11"ere fo

rm
ed

. 
T

h
c~c co

u
ld

 
n

o
t 

b
e 

in
terp

reted 
accu

rately 
w

lw
n 

th
ey

 
oc

cu
rred n

ea
r th

e m
arg

in
 o

f·o
to

lith
s n

f o
ld

er fish 
b

ecau
se, 

w
ith 

red
u

ctio
n 

o
f 

g
ro11 th, 

sp
aces 

b,·tw
ccn 

an
n

u
li 

co
u

ld
 

n
o

t 
b

e 
disting

uish
ed

 
fro

m
 sp

a
ces b

et11"cen th
e lll'o rin

!.!S co
m

p
risin

g 
a d

o
u

b
le an

n
u

lu
s 

( F
ig

u
re 3

b
). 

llco
ricn

la
lio

n 
o

f gro11
lh

 on 
th

e d
o

rsal m
arg

in 
w

as o
bserved 

in so
m

e o
f th

e larg
er o

to
lith

s. 
G

reater g
ro

w
th 

m
ed

ial lo th
e d

o
rsa

l rad
ius after a

g
e IV

 
o

r V
 

cau
sed

 
the 

an
n

u
li 

lo 
b

e 
clo

sely 
spaced

 
a

n
d

 
m

ad
e 

ag
e 

<lcte
n

n
in

a
lion 

u
n

certa
in

 
(F

ig
u

re 
3

c)
. 

T
h

e 
m

ean 
leng

th
s 

o
f 

th
e 

a
g

e 
g

ro
u

ps 
in

 
1966 an

d
 1967 p

rio
r lo th

e n
ew

 yea
r's g

row
th 

arc ~h
o

w
n 

in 
F

ig
u

re ,J. 
1

lca
n 

len
g

tl1s o
f a

g
e 

~
ru

u
p

 I 
11"cre 

o
btain

ed 
fro

m
 

th
e sam

ples co
l

led
e
d

 d
u

rin
g 

F
eb

ru
ary

 an
rl .\larch

, 1966 an
d 

M
a

rch
, 

1967. 
.\Jea

n 
len

g
th

s 
o

f 
o

ld
er 

ag
e 

F
tct.:H

E
 J.-

O
to

liths o
f th

e strip
ed sea

rohin. 
D

o
rsal ra<

lius 
is 

to 
th

e 
rig

h
t. 

a) 
A

n 
o

to
lith 

from
 

a 
y

earlin
g 

cap
tu

red
 in M

arch
. 

,\ th
in crystallin

e ban
d 

is 
located outsid

e th
e an

n
u

lu
s 

(I). 
h

) 
A

n ot1Jlith
 from

 a 
thrce

ycar-old 
fish 

ca
p

tu
red

 in
 :\lay. 

,\ thin crystallin
e ba

nd is 
locatccl o

u
t~i<le 

th
e last an

n
ulus 

(1
11). 

c) 
A

n
 o

to


lith 
from

 
a 

yearlin
g cap

tu
red

 
in

 
l'\ovcm

ber. 
A

 
w

id
e 

crystallin
e 

ban
d

 
is 

locatc<l 
outsid

e 
th

e 
an

n
u

lu
s 

( [). 
cl) 

J\n
 o

to
lith

 fro
m

 a four-year-old 
fish 

cap
tu

red
 in 

N
o

v
em

b
er. 

A
 w

ide crystallin
e b

a.n
d

 is lo
cated

 o
u

tsiJe o
f 

th
e 

last 
an

n
u

lu
s 

(IV
)

. 
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m
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-
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F1cu
n

E
 3.-

Irrcg
u

laritic:; in grow
th o

f th
e o

to
lith

 of th
e strip

ed
 ,earo

b
in

. 
a
) 

F
a
l,e

 an
n

u
li 

(l) 
in an Cllo

lith 
fro

m
 a sc,·cn-ycar-old fish. 

b
) 

T
h

ree doul,le an
n

u
li 

( 1, 2, 3) 
in an

 otolith from
 a sc,·en o

r e
igh

t-y
ear-old fi!'h

. 
e) 

R
eorientatio

n o
f gro

w
th after th

e fou:lh
 y

ear 
(1

) 
in an

 o
to

lith
 from

 a sc,·cn
-yca

r-old fi;h
. 
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M
c
L

\C
IIH

A
N

 A
N

D
 D

A
V

IS
---,\G
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I) G

lW
W

T
ll O

F 
T

IU
l'E

IJ S
E

A
H

O
B

IN
 

3
4

7
 

4
0

0
 

I 
3

0
0 

E
 

-m-
E

 
I 

4 
z 

2
0 

2
7 

:r: 

+f 
t-

5 
(.'.) 

8
5

 
z w

 
4

7
 

_
J
 

2
0

0
 

17 

• 
19

6
6 

-8
-

1
9

6
7

 

T
 2
9

 

6
6

 

10
0

 
I 

II 
m

 
N

 
Y.. 

A
G

E 
G

R
O

U
P 

F1c1,;111: '!.-
:\lean

 leng
th

s a11J co
nfidence interval o

f th
e m

ean
s for 

ag
e g

ro
u

p
s o

f striped sca
roL

in
s p

rio
r to 

g
row

th 
in 

1966. a
n

J 196
7. 

g
ro

u
p

s 
ll"ere o

bta
in

ed 
fro

m
 th

e sam
p

les 
ta

k
en 

in 
:\la

y
, 

1966 
a

11d 
:'liar, 

l96, 
beca

use 
o

nly 
yearlin

g
s ll"C

re cap
tu

red ir1 th
e ll"ir1te

r o
f 1066 

a
n

d 
the 

o
ld

e
r 

fish 
g

rew
 little p

rio
r 

to 
;'day

. 
A

g
e g

ro
u

ps I an
d II ll"e

re sig
nifican

tly
 lo

ng
er 

(5%
 

level) 
in

 
1

9
67 

th
a

n 
in

 
1966 

acco
rd

in
g 

lo th
e "stu

d
ents" 

t test 
( S

n
cd

cco
r, 1056

). 
In

 
1966 ag

e g
ro

u
p

s I a
n

d II av
e

rag
ed

 15
1 m

m
 

a
n

d
 2

21 
m

m
, 

w
h

ereas 
in

 10
6

7 th
ey av

erag
ed

 
1

73 
m

m
 an

d
 2

3
7

 m
m

, resp
ectively

. 
T

h
e d

if
fere

n
ces p

ro
b

ab
ly in

d
icate th

a
t n~an

y 
o

f these 
y

o
u

n
g 

fish 
w

ere 
n

o
t 

ca
ugh

t 
b

y 
th

e 
la

rg
er

m
esh

ed 
traw

l 
u

sed 
in 106

7. 
(T

h
e ch

an
g

e in 
sam

p
lin

g 
gea

r 
w

as 
dictated 

Ly 
g

o
a

ls 
o

f 
an 

.,. 

itffesti,!a
lio

n 
d

iffe
ren

t 
fro

m
 

th
e 

ag
e-g

ro
w

th 
stud

y he
re rep

o
rted.) 

T
h

ere 11a:; n
o

 sig
nifica

n
t 

d
ifference in leng

th
s o

f ag
e g

ro
u

p
s III an

d
 IV

 
b

etll"een 
th

e 
t1ro

 
yea

rs. 
A

g
e 

g
ro

u
p

 III a
v

er
ag

ed 2,1.0 m
m

 a
n

d 26
1 

111111 a
n

d
 ag

e g
ro

u
p

 IV
 

a1·erag
ed 

272 
m

m
 an

d
 278 m

m
, resp

ecti,·ely, 
in

 th
e tw

o y
ea

rs. 
A

g
e g

ro
u

p V
 averag

ed 288 
111

111 
in

 19
66 

a
n

d
 3

15 
m

m
 in

 1067. 
T

h
e dif

feren
ce, sig

n
ifican

t a
t th

e 5%
 level, m

ay
 h

av
e 

resulted 
fro

m
 in

ad
eq

u
ate sam

p
le sizes. 

T
h

ere 
ll"as 

n
o 

cliff ere nee be
t w

een 
len

g
th

s 
o

f th
e six

ye
a r-olds

; th
ey av

erag
ed ::M

.1 m
m

 in 1066 a
ncl 

3
2.'3 in 1967. 

T
h

e la
rg

est fish w
as 4,15 m

m
 a

n<l 
w

as seven 
yea rs o

ld . 
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F
IS

H
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N

O
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T
A

B
L

E
 l.-F

o
rlr len

g
th

s a
n

d
 sa

m
p

le sizes o
f age 

grou
p

s 0-/// o
b

ta
in

ed 
b

y p
resen

t stu
d

y 
an

d 
th

o
se obtai11

cd 
b

y
 M

a
rsh

a
ll ( 1946

) 

A
J.!c 

J
!ro

u
p

 
() 

JI 
Ill 

F
o

rk 
leng

ths 
P

resen
t 

stu
d

y
 

<
124 (5

) 
13,1-2

-12 ( 6
1) 

2
0

8
-2

7
6 ( 3

3
) 

2
19

-3
0

1 (93
) 

~
larsh

a
ll 

(
l!).tfl) 

<
12

3
(1

0
) 

15
1-2

8
3

 (·1
1

) 
2

0
9

-3
2

6 ( 2
1

) 
271-34-1 ( .5

) 

Y
early grow

th for each 
of Ll1c age g

ro
up

s 
w

as ob
ta

ined 
Ly ~ublractin

g 
th

e m
ean leng

th 
at th

e b
eg

innin
g of th

e g
ro

w
in

g season from
 

!hat at th
e end o

f th
e g

row
in

g ~easo
11. 

Sirl<'c 
m

ales 
a

nd 
fem

ales 
ha<l 

th
e 

sa
m

e 
rate 

of 
g

ro
w

th
, data 

from
 both sexes 

ll'Cre com
bined 

to d
eterm

in
e gro

w
th incrcm

e11ts. 
D

urin
g 1966 

th
e yearlin

gs g
rcll' ab

o
ut 80 m

m
. th

e t ,rn
-year

olds g
rew

 27 m
m

, th
e th

ree a11d fo
ur-year-olds 

grew
 22 m

m
, and 

the 
five-yc-ar-olds g

rew
 3

0
 

nun. 
F

ish of old
er nge g

roups ll'Cre llOL
 tak

en 
in 

su
fficie11t 

num
b

ers 
lo 

d
eterm

ine 
yearly 

g
row

th. 
G

row
th 

estim
ates 

for 
the 

youn
g

-of
th

e-yea
r 

w
ere 

u11dc
pe11<l<1L

le 
beca

use 
otolitli.; 

w
ere obtain

ed from
 o

nly nin
e specim

ens. T
h

ey 
averaged 

119 
m

m
 

in 
the 

A
u

g
ust-S

eptem
ber 

sam
p

le and 169 nnn in th
e N

o,·ernbcr-D
eccm


b

er sam
ple. 

S
triped 

scarobin
s acco

m
p

lished 
m

ore 
th

an 
one-half of 

th
eir 

linear 
g

ro
w

th 
<lurin

g 
their 

first tw
o 

years 
o

f 
life. 

R
edu

ction 
of 

lin
rar 

g
ro

w
th after th

e second yea
r 

co
in

cid
ed 

w
ith 

atla
inm

cn
t of sexua

l m
aturity w

hich o
ccu

rred 
in b

oth sexes d
uring th

eir th
ird

 year. 
G

row
th in Ieng-th occurred d

urinf! !he period 
w

h
en 

crystalline 
m

aterial 
w

as 
fo

und 
on 

th
e 

m
a

rg
in 

of 
tlic 

oto
lith. 

T
h

e 
la

rl!csl 
gro

,,·th 
incrcm

c11l occu
rrl'd hct\\·ecn i\lay :in

cl S
cptcm


h1•r. 

A
s in

fl;'rrcd 
fro

m
 the otoliths. th

e 
~·<>ar

lin
gs h

ad
 a 

lon
ger 

g
ro

w
in

g-
seaso

n 
th

an 
th

e 
old

er 
fish, 

beg
innin

g 
linear 

g
ro\\·th 

in 
F

eb


ru
ary

 o
r :\Iarch an

d
 continuin

g until· N
o,·em


ber 

o
r 

D
ecem

b
er. 

T
h

e 
grow

in
g 

season 
o

f 
o

lder 
fish 

cx
te11ded 

from
 

M
ay 

to 
N

ovem
b

er 
o

r D
ecem

ber. 

M
arsh

a
ll 

(19tJ.6) exam
in

ed striped searobin 
sca

les 
and 

fo
und 

g
ro\\'L

h 
m

o
re 

rn
riablc an

d
 

m
o

re 
ra

pid 
than 

w
as 

indicated 
by 

an
a

lysis 
hase<l 

011 l1C'atccl otolilh
~ (T

ab
le I). 

C
om

pa
ri

so
n 

of i\larshall's 
fin

din
gs w

itl1 
ours w

as cf. 
fected by co

nverting standard leng
th

s useJ 
by 

him
 lo fork leng

th
s 

(S
L

 
X

 
] .2:.l =

 F
L

) 
and 

then co
m

binin
g 

o
u

r sam
ples 

taken 
in 

spring 
and 

sum
m

er 
of 

1966 
so 

th
at 

w
e 

w
ould 

be 
considerin

g 
nearly 

th
e 

sa
m

e 
tim

e 
span 

th
at 

:\forshall did. 
M

arshall could 
determ

ine age 
from

 scales fo
r on

ly th
e fir~t th

ree yen
rs and 

he discarded -11 %
 o

f th
e fish longer th

an 3
1,1. 

m
m

 F
L

 bcca
w

e of obsc
urity o

f annuli. 
Tlow


e,·er, 

from
 

processed 
otolith

s. 
age 

co
uld 

b
e 

determ
in

ed 
up 

lo seven 
years 

and 
only 2

0
%

 
of the fish longer than 3

14, m
n1 "·ere cliscard

rcl 
because of irreg

ularities in otoliths. 

l
en

gth-/ requency m
eth

o
d

 

A
t best only the first an

d
 seco

n
d

 age g
roup

s 
co

uld 
be discern

ed 
on 

length-frequ
ency 

his
tot!ram

s 
( Fig

ure 5). 
A

ge 
g

ro
up 

O
 first ap

peared in s11111m
cr 1966 and by au

tu
m

n ran
ged 

fro
m

 1-18 m
m

 to ] 87 m
m

. 
T

h
e ,,·inter. 1 'J(i6 

sa
m

ple 
w

as 
unim

odal 
an

d
 co

nsi;;tecl 
o

f year
lin

gs 
(as determ

in
ed 

frorn th
e otolith

s). 
Ry 

~print! \'C
a

rlin
~,; 

ran
ged from

 
l ll! nun lo

 
1

1)
,
 

111111. 
T

h
eir m

o
d

al lcn
,!lh 

1rn
s
 220 m

m
 in 

:.'U
lll· 

n1er and 210 111m in au
t1111111. 

O
lclrr age ~

roup~ 
c_uuld n

o
t be incli,·idually discern

ed on lc11gth
frcqu

en
cy di~tribu

tio
ns. 

D
uring 1967 the yea

rlin
gs !'h

ow
ecl a m

odn
l 

increase 
from

 
165 m

m
 

to 
] 8f: 

n
m

1
 

b
etw

een 
i\larch and ~la~· I F

ig
ure 6

). T
h

e second m
od

e 

T
A

11r.1c: 2.-
illea

n
 !P

n
;;th

s o
f yea

rlin
g

s 11s 
d

eterm
in

ed
 by 

h-n
;;th-frcqu

en
cy 

m
e

th
o

d
 

a
n

d
 b

y th
e 

o
to

lith
 

m
eth

od 

\\'in
te

r 
S

p
rin

i,: 
S

u
m

m
er 

F
a

ll 
\\'in

ll'r 
S

p
rin

g: 
1

9
GG

 
1

9
6

6
 

19
6

6 
19

6
6 

1!)6
7 

19
fii 

X
 len

g
th

 
freq

uen
cy 

m
clh

od 
l4

!l 
1

55 
2

03 
2

2
8

 
1

7
1

 
18

:! 

X
 ololith

 
m

eth
o

d
 

151 (6
6

) 
17:2 (3

8
) 

2
1

1
 (-16) 

2
3

0
(2

2
) 

17
3

 (2
9

) 
18

5
 ( 18

) 

¥
J

i 
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1
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2

0
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~
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.,·,. ·: .1-, 
0 

er: 
w

 
CD 
~
 

2
0

 
~
 

z 
S

U
M

M
E

R
 

N
= 2

1
2

 

.10 
n· .•.•.. UT:1 

0 

12 
A

U
T

U
M

N
 

10 
N

 =
 14

4 

1
0

0
 

15
0

 
2

0
0

 
2

5
0 

3
0

0
 

3
5

0
 

4
0

0
 

L
E

N
G

T
H

S
 

IN
 

5 
m

m
 

IN
T

E
R

V
A

L
S

 

F1cu1u; S.-
l.~

ng
th-frc<1u

cncy h
i,tog

r:1m
s o_f !'trip

cd scaro
b

in
s d

u
rin

g
 each seaso

n o
f 1966. 

in each o
f these sam

p
les consisted o

f o
ld

e
r ag

e 
g

ro
u

ps 
w

h
ich 

co
uld 

n
o

l 
b

e 
in

di,·i<
lually 

d
is

ccrn
ccl. 

:\lea
n len

g
th o

f yea
rling

s d
eterm

i11ed b
y th

e 
len

g
th

-freciu
ency

 
m

eth
o

d 
\\"as 

,·cry
 

clo
se 

to
 

th
at d

ete
rm

in
ed 

b
y

 th
e o

lo
lith m

eth
o

d 
(T

ab
le 

2
). T

h
e estim

ate o
f g

roll'th o
f ag
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e start o

f g
o

n
ad

al en
larg:cm

cn
t. 

:\ Tatu1:a
tin

n b
e/!an

 in
 A

 p
;il 

and° b
y

 i\'o~ em
b

er 
all 

~·ra rl in
gs 

h
a

d 
c

n
la rg.<'d 

p:o
n

ad
~. 

G
o

nacb I 
d

c,clo
p

nll'n
t 1ra5 ap

p
aren

t!~· rclall'd 
lo ::ize o

f 
tl1c 

fi:;h. 
Y

earlin
g

s 
th

a
t 

b
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e m
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s o
f fish 

tw
o 

years 
o

ld 
an

d
 

o
lJe

r 
en

larg
ed

 
u

n
til 

th
ey

 
o

ccu
p

ied 
a 

m
ajo

r 
p

o
rtio

n 
o

f 
th
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p
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C
. 

M
cC

. 
1941. 

T
h

e 
covariance 

m
eth

o
d

 
o

f co
m

p
arin

g
 th

e h
cad

lcn
g

th
s of tro

u
t fro

m
 dif

ferent cn\'ironm
ents. 

C
opeia 

(3
): 154-159. 

N
IC

H
O

L
S

, 
J
. T

., 
A

N
D

 C
. 1\1. R

,m
nm

, 
JR

. 
1927. 

T
h

e 
m

arin
e 

fo,liC
's 

of 
!'\cw

 
y(l!:k 

and 
so

u
th

ern
 

N
ew

 
E

ngland. 
Z

oologica 9
(1

): 
1-192. 

P
m

~
S

A
H

D
, 

F
., 

A
N

D
 

J. 
P

. 
T

n
o

A
D

E
C

. 
1966. 

D
eterm

i
nation de l'a~

c p
ar b 

lectu
re des otolithcs chez 

1l{'t1X
 

esµcecs 
d

e 
S

ciacnid<
's 

O
uesl-A

fricains 
/>

scudotolithus 
se11egale11sis 

C
. 

V
. 

f't 
P

scudoto· 
litlrns 

typ
u

s 
B

lk
r.). 

J. 
Con10. 

Int. 
E

xplor. 
:\Icr 

3
0

(3
): 

291--307. 
S

l\IIT
II, 

H
. 

M
. 

1898. 
F

ish
es 

found 
in 

th
e 

vicinity 
o

f W
oods H

ole. 
U

. 
S. 

F
ish. 

C
om

m
., 

B
ull. 

17: 
85-111. 

Sl'it:lll-:con, 
G

. 
W

. 
1956. 

S
tatistical 

m
ethods., 

5
th

 
E

d. 
Iow

a 
S

tate 
U

niv. 
P

ress, 
A

m
es, 

Iow
a. 

S
M

 pp. 
W

A
1tF

1:1., 
II. 

E
., 

A
~

u
 

D
. 

l'.[~:1rnrn.-,N
. 

19-1-t. 
S

tu
d

ies 
on 

th
e 

m
arin

e 
resource~

 
o

f 
so

u
th

ern
 

N
ew

 
E

n
~

land. 
I. 

A
n

 analysis o
f th

e fish 
population of 

th
e 

shore 
zone.'. 

null. 
B

inglrnm
 

O
cean. 

C
oll. 

9 
(2) : 1-91. 

·, 

d 

,-
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P
a
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AGE AND GROW
TH OF 

THE NORTHERN SE
A

R
O

B
ifr 

B
y 

ROBERT S . 
P. 

W
ONG 

V
IR

G
IN

IA
 IN

STITU
TE OF M

ARINE SC
IEN

C
E 

GLOUCESTER PO
IN

T, 
V

IR
G

IN
IA

 

..-..:r..1'~·· 
~ ...... 

From
 a 

M
A 

T
h

esis, 
A

ge 
and G

row
th 

o
f 

th
e N

o
rth

ern
 S

earo
b

in
, 

e
tc

. 
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1~ 

2 
. 

IN
TRO

D
U

CTIO
N

 

T
he 

p
re

se
n

t stu
d

y
 w

as m
ade 

to
 d

eterm
in

e th
e ag

e and ra
te

 o
f 

grow
th o

f 
th

e n
o

rth
ern

 searo
b

in
, 

P
rio

n
o

tu
s 

c
a
ro

lin
u

s 
(L

in
n

aeu
s). 

T
he n

o
rth

ern
 searo

b
in

 is
 ab

u
n

d
an

t in
 th

e c
o

a
sta

l w
aters o

f 

e
a
ste

rn
 N

o
rth

 A
m

erica from
 

so
u

th
ern

 N
ew

 
E

ngland 
to

 N
o

rth
 C

aro
lin

a 
' .o, 

a
n

d
~

ts ran
g

e ex
ten

d
s from

 
th

e B
ay 

o
f F

undy to
 S

outh C
aro

lin
a 

(B
igelow

 and S
ch

ro
ed

er, 
1

9
5

3
). 

T
hese fish

 m
ove 

in
sh

o
re d

u
rin

g
 th

e 

sum
m

er and o
ffsh

o
re.d

u
rin

g
 th

e w
in

te
r;·th

e
y

 h
av

e b
een

 cau
g

h
t in

 

b
o

th
 sh

allo
w

 b
rack

ish
 w

aters and in
 w

aters 
186 m

 deep 
(B

ig
elo

w
 and 

S
ch

ro
ed

er 1
9

5
3

). 
A

ccording to
 th

e above a
u

th
o

rs, 
n

o
rth

ern
 se

a


ro
b

in
s p

re
fe

r sandy bottom
s and w

hen 
d

istu
rb

e
d

, 
th

ey
 b

u
ry

 th
em



se
lv

e
s 

in
 th

e san
d

, 
leav

in
g

 th
e
 to

p
 o

f 
th

e
ir h

ead
 and 

ey
es p

ro
tru

d


in
g

. 
T

hey a
lso

 em
it a 

g
ru

n
tin

g
 n

o
ise

 w
hen alan

n
ed

 as opposed 
to

 

a 
sta

c
c
a
to

 c
a
ll b

eliev
ed

 to
 b

e re
la

te
d

 to
 b

reed
in

g
 b

eh
av

io
r 

(M
o

u
lto

n
, 

1
9

5
6

). 
T

hey feed
 p

rim
a
rily

 on co
p

ep
o

d
s, m

y
sid

s, 
am

p
h

i

pod~ and decapods 
(M

arsh
all; 

1946; R
ich

ard
s, 

1
9

6
3

). 
T

he 
spaw

ning 

seaso
n

 o
ccu

rs 
in

 th
e surruner and eggs d

ev
elo

p
 

in
 a m

anner ty
p

ic
a
l 

o
f p

elag
ic 

te
le

o
ste

a
n

 eg
g

s·(K
u

n
tz-an

d
 R

a
d

c
liffe

, 
1

9
1

8
). 

In
cu

b
atio

n
 

··---
p

erio
d

 is ab
o

u
t 60 h

o
u

rs a
t 2

2
°c, 

an
d

 new
ly h

atch
ed

 la
rv

a
e
 a

re
 

ap
p

ro
x

im
ately

 
2

.8
 mm 

lo
n

g
. 

W
hen 

th
e
 fish

 a
tta

in
 a 

len
g

th
 o

f 
25 

to
 

30 nun, 
m

o
st o

f 
th

e a
d

u
lt fe

a
tu

re
s h

av
e b

een
 acq

u
ired

. 
C

h
a
ra

c
te

r

is
tic

s
 and taxonom

ic fe
a
tu

re
s 

o
f 

th
is 

tF
-ig

lid
 fish

 w
ere rev

iew
ed

 

by Jo
rd

an
 and H

ughes 
(1887) 

and G
in

sb
u

rg
 

(1
9

5
0

). 
T

he 
life

 h
isto

ry
 

h
as been in

v
e
stig

a
te

d
 by M

arsh
all (1

9
4

6
). 

.• 
-

:'. 

.. 
:1 
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M
E

TH
O

D
S

 
A

N
D

 
M

A
T

E
R

IA
L

S
 

T
h

is 
stu

d
y

 w
as 

b
ased

 on d
a
ta

 o
b

tain
ed

 from
 

3634 fish
, 

m
o

st 

o
f w

hich w
ere caught. on 

th
e
 c

o
n

tin
e
n

ta
l sh

e
lf 

o
f 

C
hesapeake B

ig
h

t 

betw
een N

ovem
ber 

1965 and M
ay 

1967 
(F

ig
. 

1
). 

Sam
p.les of 

sm
all 

fish
 w

ere o
b

tain
e9

 from
 

th
e C

hesapeake B
ay and th

e Y
ork R

iv
er. 

' :it l 
I 

T
he d

ata 
in

 T
ab

le 1 a
re

 arran
g

ed
 in

 ch
ro

n
o

lo
g

ical o
rd

er show
ing 

th
e
 d

a
te

, 
lo

c
a
lity

, 
num

ber o
f fish

, 
d

ep
th

 and bottom
 

tem
p

eratu
re 

fo
r 

each
 sam

p
le. 

C
hesapeake B

ig
h

t w
as 

sam
pled from

 
th

e 
tra

w
le

r, 
S

ea B
reeze,· 

c
h

a
rte

re
d

 by th
e
 V

irg
in

ia In
stitu

te
 o

f M
arine S

cien
ce. 

A
 4

5
-fo

o
t 

sem
i-b

allo
o

n
 o

tte
r tra

w
l h

av
in

g
 a 

sm
all m

esh 
lin

e
r (l/4

 -inch) 
in

 

th
e
 cod end w

as 
u

sed
 

in
 catch

in
g

 th
e
 fish

. 
T

he 
sm

all m
esh w

as 

in
ten

d
ed

 to
 red

u
ce escap

em
en

t o
f 

sm
all fish

. 
··A

t 
each

 sta
tio

n
 th

e 

tra
w

l w
as 

tow
ed fo

r 
30 m

in
u

tes a
t a 

sp
eed

 o
f ap

p
ro

x
im

ately
 3 k

n
o

ts. 

F
ish

 w
ere p

reserv
ed

 in
 ic

e
 and b

ro
u

g
h

t b
ack

 to
 

th
e 

la
b

o
ra

to
ry

 fo
r 

ex
am

in
atio

n
 and a

n
a
ly

sis. 
T

he 
C

hesapeake B
ay and Y

ork R
iv

er 

c
o

lle
c
tio

n
s w

ere m
ade from

 
th

e R
/V

 
P

a
th

fin
d

e
r u

sin
g

 a· 3
0

-fo
o

t 

s~
i-b

a
llo

o
n

 o
tte

r traw
l w

ith
 a · 1;2~ in

ch
 m

esh 
in

 th
e
 co

d
 en

d
. 

-. -
F

ish
 w

ere p
reserv

ed
 in

 fo
rm

alin
. 

S
am

ples 
c
o

lle
c
te

d
 in

 1955 and. 

1956 w
ere p

reserv
ed

 in
 a

lc
o

h
o

l. 

F
o

rk
 len

g
th

 o
f fish

 w
as 

m
easured in

 mm 
from

 
th

e
 tip

 o
f 

th
e_

 

sn
o

u
t to

 
th

e c
e
n

te
r o

f 
th

e fo
rk

 o
f 

th
e
 cau

d
al fin

. 
A

ll le
n

g
th

s 
in

 

th
is p

ap
er a

re
 fo

rk
 len

g
th

s u
n

less o
th

erw
ise sta

te
d

. 
W

eights w
ere 
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TABLE 1 

D
ata fo

r 
each 

sam
p

le o
f 

P
rio

n
o

tu
s c

a
ro

lin
u

s: 
d

a
te

; 
lo

c
a
lity

, 

· 
sam

p
le siz

e
, 

bottom
 

tem
p

eratu
re and d

ep
th

. 

D
ate 

A
p

ril 1955 

· A
p

ril 1956 

7 X
II 

1964 

30 V
I 

1965 

15 X
I 

1965 

18 II 
1966 

2
4

 
I
I
 1966 

2
4

 
I
I
 1966 

2
4

 I
I
 1966 

2
4

 
I
I
 1966 

2
4

 I
I
 1966 

g~ 
I
I
 1966 

3 
I
I
I
 1966 

L
o

catio
n

 

L
at. 

L
ong. 

C
hesapeak_e B

ay 

Y
ork R

iv
er M

outh 

C
hesapeake B

ig
h

t 

C
hesapeake B

ig
h

t 

36°S
2'N

 75°30'W
 

3
8

°1
8

'N
 7

3
°5

1
1W

 

3
7

°0
6

'N
 74°46'W

 

36°S
O

'N
 

74°48'W
 

36°38
1N

 74°47'W
 

36°29
1N

 74°49'W
 

3
6

°2
5

'N
 74°SO

'W
 

3
6

°3
l'N

 75°00'W
 

35°S
9

1N
 7S

007'W
 

3 III 
1966 

36°18
1N

 74°5~
'W

 

1
1

 I
I
I
 1966 

3
7

°3
8

'N
 74°24'W

 

1
1

 I
I
I
 .1966 

3
7

°4
7

'N
 74°1S

'W
 

13 IV
 

1966 

6 
V

 1966 

3
5

°4
2

'N
 75°02'W

 

3
6

°4
1

1N
 75°42'W

 

S
am

ple 
. 

S
iz

e
 

(N
~

 

96 

99 

5
1

 

so 

99 

65 

7
0

 

so 

so 

175 

9
9

 

so 

9
9

 

9
9

 

99 

-:-99 

99 

3
0

 

:~
l 

B
ottom

 

T
em

p
. 

(C
) 

7 

-6
 6 6 6 6 5 7 7 6 7 

1
3

 

D
epth 

(m
) 

6
0

 

26 

8
6

 

8
8

 

·5
3

 

6
2

 

73 

9
2

 

37 

37 

55 

7
0

 

92 

-48 

16 



D
ate 

6 
V

 _1966. 

I· 
9 

V
 1966 

13 V
 1966 

! i I I 
1

3
 V

 1966 
I I 

.... 
I 

13 V
 1966 

! i 
1

3
 V

 1966 
I I 

1
4

 V
 1966 

! 
1

9
 V

 1966 

23 
V

 1966 

26 
V

II 
1966 

4 V
III 1966 

25 
V

III 
1966 

25 
V

III 1966 

26 
V

III 1966 

27 
V

III 1966 

28 
V

III 1966 

28 
V

III 1966 

29 V
III 1966 

l 
X

I 
1966 

16 X
I 

1966 

(
~

,
 

25 
X

I 
1966 

~
 

TA
BLE 

1 (C
o

n
tin

u
ed

) 

L
o

catio
n

 

L
a
t. 

L
o

n
g

. 

3
6

°2
8

'N
 75°44'W

 

3
7

°0
2

'N
 75°08'W

 

3
8

°0
l'N

 75°07'W
 

3
8

°2
8

'N
 74°54'W

 

3
8

°3
8

'N
 74°37'W

 

3
8

°2
8

'N
 74°37'W

 

3
8

°1
2

'N
 74°44'W

 

3
7

°0
3

'N
 75°35'W

 

3
7

°0
l'N

 75°38'W
 

3
7

°0
4

'N
 76°05'W

 

C
hesapeake B

a
y 

3
7

°0
8

'N
 7

5
°4

l'W
 

3
7

°1
4

'N
 75°29'W

 

3
7

°4
6

'N
 74°55'W

 

3
8

°5
l'N

 74°35'W
 

3
8

°3
6

'N
 74°53'W

 

3
7

°4
0

'N
 75°22'W

 

3
7

°0
3

'N
 75°47'W

 

.3
7

°0
4

'N
 75°26'W

 

3
7

°4
7

'N
 74°47'W

 

3
6

°5
l'N

 75°19'W
 

S
am

ple 

S
ize (N

) 

50 

99 

7
0

 

60 
• 

.o, 

99 

80 

99 

75 

99 

95 

30 

150 

99 

99 

99 

40 

99 

40 

30 

60 
... 

-

33 

B
ottom

 

T
em

p
. 

(C
) 

1
3

 9 

1
3

 

1
4

 

12 

1
1

 

1
1

 

1
4

 

~
 

. 17 

16 

1
1

 

12 

1
1

 

16 

16 

16 

12 

13 

6 

D
epth 

(m
) 

1
8

 

40 

1
8

 

13 

29 

27 

22 

1
8

 

1
3

 

26 

15 

24 

29 

20 

22 

15 9 

27 

38 

26 

I I I ~ M
 

I ' 

~ i t~ F
 ~ ~ J; r-l: i-: 

~ ! f:' 

I '} "' i r ~ ! f,_ 

I 
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D

ate 

25 
X

I 
1966 

26 
X

I 1966 

30 III 1957 

1 v
·1

9
5

7
 

~
 

---

TA
BLE 

1 (C
o

n
tin

u
ed

) 

L
o

catio
n

 

L
at·. 

L
ong. 

36°36'1:J 75°19'W
 

3
6

°4
9

'N
 7

4
°4

5
1W

 

3
6

°2
2

'N
 74°49'W

 

3
6

°5
4

'N
 75°33'W

 

S
am

ple 

S
iz

e
 

(N
) 

30 

250 

1
4

0
 

so 

·--~-----· 

7 

I 
B

ottpm
 

D
ep

th
 

T
e

'llp
. 

(C
) 

. 
(m

) 

12 
3

1
 

1
1

 
7

3
 

9 
1

0
9

 

t 
8 

20 
:0 l 
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a
c
c
u

ra
te

 
to

+
 3 

g
; 

fis
h

 p
re

se
rv

e
d

 
in

 a
lc

o
h

o
l an

d
 fo

rm
a
lin

 w
ere 

n
o

t w
eig

h
ed

. 

S
ex

 an
d

 g
o

n
ad

al c
o

n
d

itio
n

 w
ere d

e
te

rm
in

e
d

 
b

y
 g

ro
ss. 

ex
am

in
atio

n
 . 

D
ata w

ere 
e
n

te
re

d
 o'n 

IBM
 

c
a
rd

s an
d

 
co

m
p

u
tatio

n
s w

ere d
o

n
e
· 

w
ith

 c
a
lc

u
la

to
r an

d
 co

m
p

u
ter 

(IB
M

 
3

6
0

 M
odel 

5
0

). 

' ~1 

,
/
 

-
;_
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A
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C

C
A

)) O
F

-.:U
J 

.
•
 zp

:;:;a¥%
A

P
J .. C

H
,fr ,F.t:" .• i .;:4-p;sp;.:. 

. 
; 

. 
.. =

 S
U

 -
g

.. 
. 

::Z
:0141 

; 
e::..c 

;.,_
) 

.;q
c

{ 91 u .. ~
. ¥=

.t:.$.fflM
C

: 
W

.S
I
J

C
$

 
S

lU
_iffiS

,(Q
f!Z

S
J)Q

.-W
S

:m
. =

 
%

 
c
. 



t i I t 

-~. 

9 

CO
N

V
ERSIO

N
 

FA
CTO

RS 
FO

R LEN
G

TH
S 

OF 
FISH

 

T
he co

n
v

ersio
n

 fa
c
to

rs fo
r stan

d
ard

, 
fo

rk
 and 

to
ta

l len
g

th
s 

·w
ere d

eriv
ed

 from
 

175 
fish

 h
av

in
g

 a 
ran

g
e in

 
len

g
th

 from
 

160 to
 

289 mm 
(.T

able 2
). 

T
he 

stan
d

ard
 and fo

rk
 

len
g

th
s w

ere 7
6

.9
 and 

9
4

.2
 p

er c
e
n

t o
f 

th
e to

ta
l len

g
th

, 
resp

ect~
v

ely
. 

F
ish

 w
ere 

o, 

m
easured acco

rd
in

g
 to

 th
e m

ethod o
f 

H
ile (1

9
4

5
). 

TA
BLE 

2 

C
o

n
v

ersio
n

 fa
c
to

rs fo
r 

stan
d

ard
 (S

. 
L

.), 
fo

rk
 (F

. 
L

.) 
.... 

.._ 
.. 

and to
ta

l (T
. 

L
.) 

len
g

th
s 

o
f n

o
rth

ern
 searo

b
in

. 

F
. 

L
. 

=
 0

.9
4

2
 x T

. 
L

. 
·' 

S
. 

L
. 

=
 0

.7
6

9
 x T

. 
L

, 

S
. 

L
. 

=
 0.816 

x F
. 

L
, 
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D
ETERM

IN
A

TIO
N

 
OF 

AGE 

C
le

ith
ra

, 
o

p
e
rc

le
s, 

o
to

lith
s, 

sc
a
le

s and v
erteb

rae w
ere 

exam
ined in

 a 
prelim

inar_y stu
d

y
 to

 d
eterm

in
e th

e sk
e
le

ta
l 

stru
c
tu

re
 m

o
st su

ita
b

le
 fo

r d
eterm

in
in

g
 ag

e and grow
th o

f 

P
rio

n
o

tu
s c

a
ro

lin
u

s. 
A

ll o
f 

th
ese 

stru
c
tu

re
s 

show
ed 

g
ro

w
th

 

m
ark

s, 
b

u
t I 

co
u

ld
 n

o
t d

eterm
in

e th
e n

a
tu

re
 o

f 
th

e an
n

u
lu

s. 
~
 

. 
S

cales and o
to

lith
s sto

red
 in

 co
rn

 sy
ru

p
 co

u
ld

 b
e u

sed
 fo

r 

d
eterm

in
in

g
 ag

e o
f fish

 from
 

ag
e-g

ro
u

p
s 

O
 and I 

b
u

t w
ere in

a
d

e


q
u

ate fo
r o

ld
e
r fish

. 

T
he 

tech
n

iq
u

e o
f b

u
rn

in
g

 o
r sco

rch
in

g
 o

to
lith

s 
(C

h
risten

sen
 

1964)w
as u

sed
 to

 re
v

e
a
l zones fo

r 
estim

atin
g

 ag
e and g

ro
w

th
. 

T
h

is m
ethod 

is
 b

ased
 on 

th
e seaso

n
ally

 v
ary

in
g

 ch
em

ical co
m

p
o

si

tio
n

 o
f 

th
e o

to
li th

. 
T

he h
y

alin
e zone is

 p
rim

a
rily

 o
rg

an
ic 

.. 
m

a
te

ria
l (co

n
ch

io
lin

) fonned d
u

rin
g

 th
e
 co

ld
 m

o
n

th
s; 

th
e op~

que 

zone is p
rim

a
rily

 in
o

rg
an

ic m
a
te

ria
l (calciu

m
 carb

o
n

ate) 
form

ed 

d
u

rin
g

 th
e w

arm
 m

onths 
(D

an
n

ev
ig

, 
1

9
5

6
; 

Irie
, 

1
9

5
8

). 
N

o
rm

ally
, 

th
e
 opaque zone ap

p
ears d

ar~
 in

 tra
n

sm
itte

d
 lig

h
t an

d
 w

h
itish

 in
 

re
fle

c
te

d
 lig

h
t, 

b
u

t th
e hyali_ne_zone ap

p
ears w

h
ite in

 tra
n

s

m
itted

 
lig

h
t and d

ark
 in

 re
fle

c
te

d
 lig

h
t. 

H
ow

ever, 
w

hen 
th

e
 

o
to

lith
 is

 
sco

rch
ed

 th
e h

y
alin

e zone is
 carb

o
n

ized
 an

d
 tu

rn
s 

b
lack

, w
h

ereas 
th

e
 opaque zone rem

ain
s w

h
ite. 

W
hen 

exam
ined 

u
n

d
er low

 m
ag

n
ificatio

n
, 

a 
tra

n
sv

e
rse

 
se

c
tio

n
 of-

a 
sco

rch
ed

 

o
to

lith
 e

x
h

ib
its a

lte
rn

a
tin

g
 b

ro
ad

 w
h

ite zones_ (th
e_

o
p

aq
u

e zo
n

es) 

and narrow
 b

lack
 zones 

( th
e hya lin

e
 zo

n
es) • 

-
... 

~
L

. iJS
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d
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T
ech

n
iq

u
es 

T
he o

to
lith

 w
as 

rem
oved from

 
th

e le
ft saccu

lu
s 

by c
u

ttin
g

 

w
ith

 a 
sto

u
t sc

a
lp

e
l th

ro
u

g
h

 
th

e bony la
y

e
r fo

rm
in

g
 th

e
 flo

o
r 

o
f 

th
e sk

u
ll. 

A
dhering tissu

e
s w

ere rem
oved fro

~
 

th
e e

x
tra

c
te

d
 

o
'to

lith
. 

T
he. len

g
th

 and w
id

th
 o

f 
th

e o
to

lith
 w

ere m
easu

red
 and 

th
e
 clean

ed
 and d

rie
d

 o
to

lith
 w

as 
w

eig
h

ed
. 

T
he o

to
lith

 w
as 

b
ro

k
en

 in
 

tw
o 

by ap
p

ly
in

g
 g

e
n

tle
 p

ressu
re w

ith
 a 

sc
a
lp

e
l a

t th
e
 

m
id

d
le o

f and p
erp

en
d

icu
lar to

 
th

e 
lo

n
g

e
r,a

x
is. 

T
he b

ro
k

en
 

.o 1 
s~

rfaces 
o

f 
th

e o
to

lith
 w

ere sco
rch

ed
 in

1 a 
low

 flam
e from

 
a 

Jr'Rittctt::r:1011 

B
unsen b

u
rn

er fo
r 

5 to
 

20 
seco

n
d

s; 
th

e tim
e o

f 
sco

rch
in

g
 depended 

on 
th

e siz
e
 o

f 
th

e o
to

li th
 and th

e
 tem

p
eratu

re o
f 

th
e flam

e. 

D
uring th

e
 p

ro
cess 

o
f 

sco
rch

in
g

, 
th

e
 c

o
lo

r o
f 

th
e h

y
alin

e zo
n

e 

changed from
 w

h
ite 

to
 brow

n and 
th

en
 

to
 b

lack
 and th

e
 opaque 

zone changed from
 w

h
ite to

 lig
h

t-b
ro

w
n

 and 
th

en
 
to

 w
h

ite a
g

a
in

. 

Som
e 

ex
p

erien
ce w

as 
n

ecessary
 in

 o
rd

er to
 av

o
id

 c
h

a
rrin

g
 th

e
 

su
rfa

c
e
. 

A
fter b

ein
g

 co
o

led
 th

e b
rittle

 o
to

lith
s w

ere 
im

bedded 
in

 

p
la

stic
in

e
 in

 slo
ts o

f a 
w

ooden 
tra

y
. 

In
 tw

o 
to

 th
re

e
 d

ay
s 

th
e
 

p
la

stic
in

e
 h

ard
en

ed
, 

affo
rd

in
g

 a 
p

erm
an

en
t m

ount. 
A

 few
 

d
ro

p
s 

o
f 

g
ly

c
e
rin

e
 on 

th
e su

rface o
f 

th
e o

to
lith

 in
creased

 th
e
 c

o
n

tra
st 

betw
een th

e
 opaque and h

y
a
lin

e
'z

o
n

e
s. 

T
opography and G

row
th o

f 
th

e O
to

lith
 

T
he o

to
lith

 o
f 

th
e n

o
rth

ern
 

searo
b

in
 is

 o
v

al w
ith

 a m
ild

ly
 

cren
ated

 m
arg

in
 (F

ig
. 

2
). 

T
here is

 a 
slig

h
t co

n
cav

ity
 on 

th
e
 o

u
te

r 

sid
e
 and a 

b
ro

ad
 b

u
t sh

allo
w

 su
lcu

s 
on th

e
 in

n
e
r sid

e
. 

T
he v

e
n

tra
l 

...... , 

,, 
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F
i'tu

re 2
. 

O
to

lith
 o

f P
rio

n
o

tu
s caro

lin
u

s 

(A
) 

S
id

e view
 show

ing th
e su

lcu
s; x

-p
lan

e is
 p

erp
en

d
icu

lar to
 th

e 

a
n

te
rio

r-p
o

ste
rio

r a
x

is. 

(B
) 

C
ross 

sectio
n

 o
f o

to
lith

 (alo
n

g
 th

e x
-p

lan
e). 
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h
a
lf 

is
 
slig

h
tly

 th
ic

k
e
r th

an
 th

e d
o

rsa
l h

a
lf and 

th
e a

n
te

rio
r 

end 
tap

ers 
to

 a 
sh

arp
er p

o
in

t th
an

 
th

e p
o

ste
rio

r en
d

. 
T

he d
o

rsa
l 

and v
e
n

tra
l p

o
rtio

n
s o

f 
th

e
 cro

ss 
se

c
tio

n
 o

f 
th

e o
to

lith
 a

re
 n

o
t 

sy
m

m
etrical; 

th
e n

u
cleu

s 
is

 lo
cated

 tow
ard 

th
e v

e
n

tra
l p

o
rtio

n
. 

T
he m

ax:iJnum
 

len
g

th
 and w

id
th

 o
f 

th
e o

to
lith

 w
ere ap

p
ro

x
im

ately
 9 

and 5 m
m

, 
re

sp
e
c
tiv

e
ly

, 
and 

th
e h

e
a
v

ie
st o

to
lith

 w
eighed 753 m

g. 

In
crease in

 len
g

th
 and w

id
th

 o
f 

th
e o

to
lith

·w
a
s p

ro
p

o
rtio

n
a
l 

to
 in

crease in
 

len
g

th
 o

f 
th

e fish
. 

A
 lin

e
a
r re

la
tio

n
sh

ip
. w

as 

e
sta

b
lish

e
d

 fo
r fish

 
lo

n
g

er th
an

 100 mm 
(~~ig. 

3
). 

T
he 

le
n

g
th

 o
f 

fish
 

show
ed a 

b
e
tte

r c
o

rre
la

tio
n

 w
ith

 th
e
 w

id
th

 o
f 

th
e
 o

to
lith

 

. th
an

 w
ith

 its
 len

g
th

; 
th

e
 c

o
e
ffic

ie
n

ts o
f 

c
o

rre
la

tio
n

 w
ere 

0
.7

8
 

and 
0

.7
1

, 
re

sp
e
c
tiv

e
ly

. 
T

he w
eig

h
t o

f 
o

to
lith

 in
creased

. lo
g

a
rith



m
ically

 w
ith

 th
e len

g
th

 o
f fish

 (F
ig

. 
3

). 

In
te

rp
re

ta
tio

n
 o

f Z
ones 

in
 th

e O
to

lith
 

In
 d

eterm
in

in
g

 ag
e, 

th
e m

ost :im
p

o
rtan

t fe
a
tu

re
s 

o
f 

th
e
 · 

o
to

lith
 a

re
 th

e a
l~

e
rn

a
tin

g
 opaque and h

y
alin

e zo
n

es, 
one o

f 
each

 

b
ein

g
 form

ed a
t th

e m
arg

in
 o

f 
th

e o
to

lith
 each y

ear. 
T

he fo
n

n
a

tio
n

 o
f 

th
ese tw

o 
zones h

as b
een

 co
n

sid
ered

 by se
v

e
ra

l in
v

e
stig

a


to
rs 

to
 b

e in
 resp

o
n

se 
to

 an
 in

h
e
re

n
t an

n
u

al rhythm
 

(T
ro

u
t, 

1954; 

M
~

lander, 
1947; and Irie

,1
9

6
0

). 
H

ow
ever, 

su
ch

 en
v

iro
ru

n
en

tal 

v
a
ria

b
le

s as 
t~

p
e
ra

tu
re

 and a
v

a
ila

b
ility

 o
f fo

o
d

 
can

 d
eten

n
in

e 

how
 m

uch o
rg

an
ic o

r in
o

rg
an

ic m
a
te

ria
l is

 added to
 th

e
 o

to
lith

 

d
u

rin
g

 each seaso
n

. 
G

en
eral~

y
, 

th
e opaque zo

n
es a

re
 form

ed 
in

 th
e
 

surruner and 
th

e h
y

alin
e zones 

in
 th

e
 w

in
te

r. 

T
he m

o
st canm

on m
ethod fo

r d
eterm

in
in

g
 th

a
t th

e
 opaque and 

h
y

a
lin

e
 zones 

to
g

eth
er c

o
n

stitu
te

 a 
y

e
a
r's grow

th is
 
to

 exam
ine 
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1
b

 
,,·a
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~

~
~

-

8 7 6 5 

4 3 2 

' 
-
-
-
-
-

O
T

O
LIT

H
 

W
ID

TH
 

I 

~
l 

-
-

O
T

O
LIT

H
 

W
E

IG
H

T
 

0 

.100 
150 

2
0

0
 

2
5

0
 

F
O

R
K

 
-L

E
N

G
T

H
 

(m
m

) 

8
0

0
 

60.0 
,_

 
O

l 

E
 

f:c 
(!) 

4
0

0
 

w
 

.~
 

:c 
f-__J 

0 
2

0
0

 
fo 

3
0

0
 

F
ig

u
re 3

. 
R

eg
ressio

n
s 

o
f 

o
to

lith
 w

id
th

 and w
eig

h
t 

on len
g

th
 o

f 
P

rio
n

o
tu

s c
a
ro

lin
u

s. 

i 

. i 
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th
e
 m

arg
in

al changes. d
u

rin
g

 each
 m

onth o
f a 

y
ear. 

In
 P

rio
n

o
tu

s 

c
a
ro

lin
u

s, 
th

e p
ercen

tag
e o

f 
opaque zo

n
es 

(w
ith

 re
sp

e
c
t to

 b
o

th
 

ty
p

es o
f m

arg
in

s) 
in

creased
 from

 M
ay 

to
 Ju

n
e, 

reach
ed

 a 
m

axim
um

 

d
u

rin
g

 A
ugust and d

eclin
ed

 
th

e
re

a
fte

r. 
C

o
n

v
ersely

, 
th

e
 p

ercen
tag

e 

o
f 

o
to

lith
s h

av
in

g
 h

y
alin

e m
arg

in
s 

in
creased

 d
u

rin
g

 Jan
u

ary
 and 

reach
ed

 a m
axim

um
 

in
 M

arch 
(F

ig
. 

4
). 

T
h

is d
e
fin

ite
 tre

n
d

 o
f 

a
lte

rn
a
tin

g
 opaque and h

y
alin

e zones 
co

n
firm

ed
 th

a
t o

n
ly

 one o
f 

each w
as 

form
ed w

ith
in

 a 
y

ear and th
a
t to

g
e
th

e
r th

ey
 c

o
n

stitu
te

d
 

' 
a 

Y
$ar' s 

g
ro

w
th

. 
S

in
ce no sam

ples 
o

f 
o

to
lith

s w
ere tak

en
 in

 

O
cto

b
er, 

v
alu

es fo
r O

cto
b

er, 
as 

show
n 

in
 th

e hist;ogram
, 

w
ere tak

en
 

from
 

sam
ples c

o
lle

c
te

d
 in

 e
a
rly

 N
ovem

ber. 
N

o 
fish

 w
ere c

o
lle

c
te

d
 

in
 Jan

u
ary

. 
T

he 
sam

ple in
 JW

1e w
as 

tak
en

 in
 1965. 

In
 no m

onth w
as 

th
e
 m

argin re
stric

te
d

 to
 one ty

p
e, 

and 
th

e opaque zone w
as 

m
ore 

p
re

v
a
le

n
t th

an
 th

e h
y

alin
e zone in

 n
in

e m
onths 

o
f 

th
e y

e
a
r. 

I 
w

as 

u
n

ab
le to

 d
eten

n
in

e th
e
 n

a
tu

re
 o

f 
th

e m
arg

in
s o

f 
lCf'/o 

o
f 

th
e
 o

to
li th

s 

fo
r tw

o reaso
n

s: 
(1

) 
th

e
 h

y
alin

e zo
n

es w
ere u

su
a
lly

 n
arro

w
; 

(2
) any 

o
rg

an
ic 

su
b

stan
ce th

a
t w

as 
n

o
t rem

oved from
 

th
e su

rfa
c
e
 o

f 
th

e
 

o
to

lith
 b

efo
re sco

rch
in

g
 co

u
ld

 b
e m

istak
en

 fo
r a h

y
a
lin

e
 m

arg
in

. 

T
he g

re
a
te

st p
ro

p
o

rtio
n

 o
f h

y
a
lin

e
 m

arg
in

s w
as 

o
b

serv
ed

 d
u

rin
g

 

th
e
 c

o
ld

e
st m

onth, 
M

arch, 
and th

e
 g

re
a
te

st p
ercen

tag
e o

f o
p

aq
u

e 

m
a~

gins 
o

ccu
rred

 in
 one o

f 
th

e w
arm

est m
o

n
th

s, 
A

u
g

u
st. 

T
he bottom

 

tem
p

eratu
res 

show
n 

in
 F

ig
. 

4 w
ere tak

en
 
in

 1959 and 1960 (Jo
sep

h
, 

M
assm

ann and N
o

rcro
ss, 

1
9

6
1

). 
T

em
p

eratu
res fo

r 1965 an
d

 1966 w
ere 

n
o

t used b
ecau

se th
ey

 w
ere n

o
t m

easured in
 som

e m
o

n
th

s. 
H

ow
ever, 

a 
com

parison o
f 

th
e tem

p
eratu

res o
f 

th
~

 ~
h

esap
eak

e B
ig

h
t from

 
1959 

to
 1967 

(p
erso

n
al com

m
unication from

 
J
. 

J
. 

N
o

rcro
ss) 

show
ed 

th
a
t 

th
e
 av

erag
e m

o
n

th
ly

 ten
p

eratu
res 

in
 1959 and 1960 w

ere re
p

re
se

n
ta



tiv
e
 o

f an
 av

erag
e y

ear. 

i 1 l J J l 

I 
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<
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F
ig

u
t'e

 
4

. 
P

e
rc

e
n

ta
g

e
 o

f opaque m
a
rg

in
s 

in
 

o
to

lith
s
 d

u
rin

g
 1

9
6

6
; 

th
e
 c

u
rv

e
 re

p
re

se
n

ts 

a
v

e
ra

g
e
 m

o
n

th
ly

 
te

m
p

e
ra

tu
re

s 
o

f 
1

9
5

9
 
to

 

1
9

6
0

. 

., fl 
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T
he n

u
cleu

s o
f 

th
e
 o

to
lith

 c
o

n
siste

d
 o

f h
y

alin
e m

a
te

ria
l 

(F
ig

. 
SA

) • 
O

u ts
 id

 e o
f 

th
is w

as 
a 

b
ro

ad
 opaque zone 

in
 w

hi'ch w
ere 

se
v

e
ra

l narrow
 and 

in
co

m
p

lete h
y

a
lin

e
 zo

n
es. 

T
he opaque zo

n
e 

w
as bounded by a 

c
le

a
rly

 m
arked h

y
a
lin

e
 zone 

in
te

rp
re

te
d

 as 
th

e
 

f
ir

s
t an

n
u

lu
s 

(F
ig

. 
S

B
). 

T
he firs

t an
n

u
lu

s w
as 

su
rro

u
n

d
ed

 by a 

b
ro

ad
 opaque zone w

hich 
in

 
tu

rn
 w

as 
su

rro
u

n
d

ed
 by a 

h
y

a
lin

e
 zo

n
e 

(seco
n

d
 an

n
u

lu
s). 

T
he 

opaque zone betw
een 

th
e
 firs

t and 
seco

n
d

 

.an
n

u
li w

as 
g

re
a
te

r th
an

 th
a
t betw

een any o
th

e
r tw

o 
a
d

ja
c
e
n

t a
n

n
u

li. 

' 
From

 
th

e
 seco

n
d

 an
n

u
lu

s o
u

tw
ard

, 
th

e
 spacing~

'w
as 

re
g

u
la

r, 
w

ith
 th

e
 

a
lte

rn
a
tin

g
 opaque zo

n
es becom

ing n
arro

w
er to

w
ard

 th
e
 p

e
rip

h
e
ry

 

(F
ig

. 
S

E
). 

T
he 

tra
n

sv
e
rse

 se
c
tio

n
 o

f 
th

e d
o

rsa
l p

o
rtio

n
 o

f 
th

e
 

o
to

lith
 w

as 
th

e m
o

st d
e
sira

b
le

 fie
ld

 fo
r ag

e d
eten

n
in

atio
n

 b
ecau

se 

th
e
 zo

n
es w

ere re
g

u
la

rly
 sp

aced
 and co

u
ld

 b
e fo

llo
w

ed
 aro

u
n

d
 
th

e
 

d
o

rsa
l ed

g
e. 

In
 som

e 
o

to
lith

s, 
fa

in
t and in

co
m

p
lete h

y
a
lin

e
 zo

n
es 

sim
ila

r 

to
 

th
o

se in
 
th

e
 firs

t opaque zone w
ere p

re
se

n
t betw

een 
th

e
 m

ore 

d
e
fin

ite
 h

y
a
lin

e
 zo

n
es o

r a
n

n
u

li. 
··T

hese in
co

m
p

lete zo
n

es w
ere 

co
n

sid
ered

 a
d

v
e
n

titio
u

s m
ark

s. 
F

req
u

en
tly

 th
e
 zo

n
es 

ap
p

eared
 a

s 

d
o

u
b

le stru
c
tu

re
s 

(F
ig

. 
6A

). 
·T

hese d
o

u
b

le zo
n

es d
iffe

re
d

 from
 

tw
o 

se
p

a
ra

te
 a

n
n

u
li; 

th
e
 opaque zone betw

een 
them

 w
as 

co
m

p
arativ

ely
 

n
arro

w
 and o

n
e o

f 
th

e h
y

a
lin

e
 zo

n
es u

n
ite

d
 w

ith
 

th
e o

th
e
r a

fte
r 

cu
rv

in
g

 ~
round 

th
e
 d

o
rsa

l edge o
f 

th
e
 o

to
lith

. 
T

hese d
o

u
b

le zo
n

es 

w
ere in

te
rp

re
te

d
 as 

one an
n

u
lu

s. 
G

am
bell and M

esso
to

rff 
(1

9
6

4
) 

fo
u

n
d

 
sim

ila
r d

o
u

b
le zo

n
es 

in
 M

erlan
g

iu
s m

erlan
g

u
s and W

alfo
rd

 an
d

 

M
osher 

(1
9

4
3

) d
escrib

ed
 a

d
v

e
n

titio
u

s m
arks 

as 
lin

e
s 

th
a
t m

eet an
 

an
n

u
lu

s a
t som

e 
p

o
in

t. 
S

uch accesso
ry

 m
arks w

ere p
erh

ap
s 

sim
ila

r 

to
 

th
e "ch

eck
s fr 

found 
o

fte
n

 in
 fish

 
sc

a
le

s. 
T

h
erefo

re, 
an

 an
n

u
lu

s 

m
ay 

b
e d

e
sc

rib
e
d

 as 
a 

d
is

tin
c
t h

y
a
lin

e
 zo

n
e 

th
a
t can

 u
su

a
lly

 b
e 
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F
ig

u
re

s
. 

C
ro

ss-sectio
n

s o
f o

to
lith

s o
f P

rio
n

o
tu

s c
a
ro

lin
u

s. 

R
om

an 
n

u
m

erals d
esig

n
ate a

n
n

u
li. 

P
ic

tu
re

s 
tak

en
 a

t d
iffe

re
n

t 

m
a
g

n
ific

a
tio

n
s. 

(A
) 

Y
o

u
n

g
-o

f-th
e-y

ear fish
 

98 inrn -long. 

(B
) 

A
ge-group 

II fish
 

205 mm 
lo

n
g

, 
opaque m

arg
in

. 

(C
) 

A
ge-group III fish

 
215 mm 

lo
n

g
. 

(D
) 

A
ge-group IV

 fish
 

22.3 mm 
lo

n
g

. 

.. (E
) 

A
ge-group V

 fish
 

2
4

8
 mm 

lo
n

g
, 

w
ith

 fifth
 an

n
u

lu
s a

t th
e 

m
arg

in
. 

(F
) 

tO
 

A
ge-group V

I 
fish

 
2

6
8

 mm 
lq

n
g

, 
w

ith
 six

th
 an

n
u

lu
s a

t th
e 

h
y

a
lin

e
 m

arg
in

. 
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O
to

lith
s o

f 
P

rio
n

o
tu

s 
c
a
ro

lin
u

s 

(A
) 

D
ouble·' zones· a

fte
r th

e
 f

ir
s
t a

n
n

u
lu

s. 

(B
) 

C
ro

w
d

in
g

 o
f 

zo
n

es n
e
a
r th

e
 p

~
rip

h
e
ry

 o
f 

an
 o

to
lith

 fro
m

 
a 

fis
h
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2
0

 

d
isc

e
rn

e
d

 
aro

u
n

d
 

th
e
 d

o
rsa

 1 
p

o
rtio

n
 

o
f 

th
e
 

tr·a
n

sv
e
rse

 
se

c
tio

n
 

o
f 

th
e
 
o

to
li th

. 
T

h
e 

o
p

aq
u

e zo
n

e 
b

eb
:1

een
 
a
n

n
u

li 
is

 
o

f 
re

g
u

la
r 

w
id

th
 
in

 
re

°la
tio

n
 

to
 o

th
e
r 

o
p

aq
u

e z
o

n
e
s. 

In
 
c
o

n
tra

s
t fa

ls
e
 

a
n

n
u

li 
a
re

 
u

su
a
lly

 
:i.n

d
istin

c
t an

d
 

in
c
o

m
p

le
te

 an
d

 
te

n
d

 
to

 m
erg

e 

in
to

 
tru

e
 a

n
n

u
li 

a
fte

r· c
u

rv
in

g
 aro

u
n

d
 

th
e
 d

o
rsa

l 
ed

g
e. 

T
h

e 

o
p

aq
u

e 
zo

n
es 

betw
eE

:n 
th

e
 
fa

ls
e
 

an
d

 
t·ru

e 
a
n

n
u

li 
a
re

 n
a
rro

w
e
r 

th
a
n

 

th
e
 

ad
jace!1

t 
o

p
aq

u
e 

Z
(?

:le
s. 

T
he 

zc~
:e

s 
in

 
th

e
 
o

to
li th

s 
o

f 
o

ld
e
r 

fis
h

 w
ere cro

w
d

ed
 
a
t 

th
e
 p

e
rip

h
e
ry

; 
F

ig
. 

6B
 

show
s 

th
e
 o

to
lith

 o
f 

a 
re

la
tiv

e
ly

 o
ld

 fis
h

 w
ith

 n
u

rn
ero

u
s 

m
ar.ks 

c
lo

se
 
to

 
th

e
 p

e
rip

h
e
ry

. 

T
o 

co'Tlp0t.u1d 
th

e
 
p

ic
tu

re
 d

o
u

b
le

 
zo

n
es 

b
ecam

e 
p

re
v

a
le

n
t :i.n 

o
ld

e
r 

fis
h

. 
T

h
u

s, 
I 

c
o

u
ld

 d
e
te

rm
in

e
 

th
e
 ag

e 
o

f 
fis

h
 

up 
to

 a
g

e
-g

ro
u

p
 

V
 w

ith
 c

o
n

fid
e
n

c
e
. 

E
x

cep
t fo

r 
o

n
e 

sam
p

le 
o

f 
a
g

e
-g

ro
u

p
 

I 
f:ish

 
th

a
t w

as 
u

sed
 

to
 

b
a
c
k

-c
a
lc

u
la

te
 
th

e
 

le
n

g
th

s 
o

f 
fis

h
 
a
t th

e
 fo

rm
a
tio

n
 

o
f 

th
e
 f

ir
s
t 

a
n

n
u

lu
s, 

le
n

g
th

s 
o

f 
fis

h
 w

ere n
o

t 
b

a
c
k

-c
a
lc

u
la

te
d

. 
T

h
ere a

re
 

. 

se
v

e
ra

l 
v

a
ria

b
le

s 
in

 
th

e
 
b

a
c
k

-c
a
lc

u
la

_
tio

n
 

o
f 

le
n

g
th

s 
o

f 
fis

h
 
th

a
t 

re
n

d
e
r 

re
s
u

lts
 

in
a
c
c
u

ra
te

. 
In

 
th

is
 

stu
d

y
, 

a 
v

a
ria

b
le

 
th

a
t 

sh
o

u
ld

 
b

e m
en

tio
n

ed
 w

as 
th

e
 m

an
n

er 
in

 w
h

ich
 

th
e
 o

to
lith

 w
as 

c
u

t; 

in
 o

rd
e
r fo

r 
le

n
g

th
s 

to
 

b
e 

b
a
c
k

-c
a
lc

u
la

te
d

 
a
c
c
u

ra
te

ly
, 

th
e
 
o

to
lith

s
 

m
u

st b
e
 c

u
t 

in
 

th
e
 c

e
n

te
r o

f 
th

e
 n

u
c
le

u
s 

an
d

 
p

e
rp

e
n

d
ic

u
la

r 
to

 
th

e
 

a
n

te
rio

r-p
o

s
te

rio
r a

x
is

. 
S

u
ch

 a 
p

ro
c
e
d

u
re

 w
as 

n
o

t fo
llo

w
e
d

. 

V
a
lid

ity
 o

f 
th

e
 

H
yaline:: 

Z
one a

s 
an

 A
n

n
u

lu
s 

T
h

e 
u

se
 o

f 
o

to
lith

s
 

to
 d

e
te

rm
in

e
 

th
e
 ag

e an
d

 
g

ro
w

th
 o

f 

P
rionoJ.:us 

c
a
ro

lin
u

s 
is

 
v

a
lid

a
te

d
 a

s 
fo

llo
w

s: 

( l)
 

..... ,( 2
) 

O
ne h

y
a lin

e
 zo

n
e 

is
 

fo
rm

ed
 

each
 y

e
a
r. 

A
 p

ro
p

o
rtio

n
a
l 

re
la

tio
n

sh
ip

 
e
x

is
ts

 
b

etw
een

 
th

e
 

g
ro

w
th

 o
f 

th
e
 
fis

h
 

an
d

 .its
 
o

to
lith

. 



,: 

i ~ } 

~
 

( 3
) 

T
h

ere is
 good 

c
o

r·re
la

tio
n

 b
etw

een
 

th
e 

in
c
re

a
se

 
in

 
siz

e
 o

f 
fis

h
 

an
d

 
th

e
 
in

c
re

a
se

 
j_n 

num
ber 

o
f 

a
n

n
u

li 
in

 
th

e
 o

to
lith

, 
in

d
ic

a
tin

g
 
th

a
t o

ccu
rren

ce 
o

f 
th

e
 zo

n
es 

is
 n

o
t randorrl. 

(4
) 

A
ge d

eterm
in

atio
n

 from
 

ex
am

in
atio

n
 o

f 
o

to
lith

s 
ag

rees w
ith

 
th

e re
s
u

lt o
b

tain
ed

 from
 

th
e a

n
a
ly

sis 
o

f 
le

n
g

th
 f reo_uency d

istrib
u

tio
n

. 

A
n

aly
sis 

o
f 

A
ge 

an
d

 G
row

th 

2
1

 

T
he av

erag
e 

le
n

g
th

 and w
eig

h
t o

f 
each

 ag
e-g

ro
u

p
 

b
ased

 on 

th
e
 

ex
am

in
atio

n
 o

f 
o

to
lith

s 
a
re

 g:Lv~n 
in

 T
ab

le 
3 an

d
 
illu

s
tra

te
d

 

in
 F

ig
s. 

7 an
d

 8
. 

T
he 

v
alu

es 
fo

r 
le

n
g

th
 an.d 

w
eig

h
t o

f 
each

 a
g

e


g
ro

u
p

 a
re

 av
erag

es 
o

f m
o

n
th

ly
 m

ean
s. 

A
s 

m
en

tio
n

ed
 
e
a
rlie

r, 
ag

e 

d
e
te

n
n

in
a
tio

n
 becam

e 
in

c
re

a
sin

g
ly

~
o

n
fu

sin
g

 a
fte

r ag
e-g

ro
u

p
 v. 

T
h

erefo
re, 

re
su

lts p
resen

ted
 fo

r 
th

e o
ld

e
r fish

 
sh

o
u

ld
 b

e in
te

r

p
re

te
d

 w
ith

 c
a
u

tio
n

. 
T

he 
o

ld
e
st fi?

h
 w

as 
an

 
1

1
-y

ear-o
ld

 fe.m
ale 

m
easu

rin
g

 
298 

mm 
in

 
len

g
th

 an
d

 
326 

g 
in

 w
eig

h
t. 

T
he h

e
a
v

ie
st 

fish
 w

eig
h

ed
 

386 
g 

and w
as 

305 mm 
lo

n
g

. 
Few

 
fish

 
ex

ceed
ed

 
300 

mm 
in

 
le

n
g

th
. 

F
o

r th
e
 firs

t fiv
e
 ag

e-g
ro

u
p

s, 
g

ro
w

th
 o

f 
fem

ales w
as 

n
o

t 

sig
n

ific
a
n

tly
 d

iffe
re

n
t fro:n 

th
a
t o

f raales. 
V

ery few
 raales 

ex
-

. 
ceed

ed
 

280 mm 
in

 
le

n
g

th
. 

T
he 

sex
 ra

tio
 w

as 
ap

p
ro

x
im

ately
 

1 
: 

1
. 

T
he av

erag
e 

le
n

g
th

 a
t th

e
 fo

rm
atio

n
 

o
f 

th
e firs

t an
n

u
lu

s, 

62 nun, 
w

as 
d

eriv
ed

 by b
a
c
k

-c
a
lc

u
la

tio
n

 o
f 

a 
sam

p
le o

f 
100 a

g
e


g
ro

u
p

 I 
fish

 
c
o

lle
c
te

d
 in

 A
u

g
u

st, 
1

9
6

6
. 

T
he an

n
u

al g
ro

w
th

 in
 

le
n

g
th

 w
as 

g
re

a
te

st d
u

rin
g

 th
e
 seco

n
d

 

y
e
a
r o

f 
life

 w
hen 

th
e
 fish

 a
tta

in
e
d

 a 
le

n
g

th
 o

f 
155 nun 

(av
erag

e 

o
f m

o
n

th
ly

 m
ean

s). 
G

row
th d

ecreased
 
to

 45 
mm 

d
u

rin
g

 
th

e 
th

ird
 

y
ear (F

ig
. 

9
), 

21 mm 
d

u
rin

g
 
th

e
 fo

u
rth

 
y

e
a
r, 

21 mm 
d

u
rin

g
 
th

e
 

fifth
 y

ear and 
8 nun 

d
u

rin
g

 
th

e
 six

th
 y

e
a
r. 
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TA
BLE 

3 

R
estilts 

o
f ag

e and grot~th 
d

etex
m

in
atio

ris hase'd'. 'on 
ex

am
in

atio
n

 o
f 

o
to

lith
s. 

A
'verage 

ien
g

th
 

and w
eig

h
t, 

ran
g

e, 
sam

p
le siz

e
, 

S
x

t.0
5

 and i 
stan

d
ard

 d
ev

iatio
n

 fo
r 

each ag
e-g

ro
u

p
. 

LENGTH 
W

EIG
H

T 
(l) 

(l} 
,....... 

N
 

'O
 
~
 

N
 

"O
 
~
 

i::: 
•rl 

H
 

0 
,....... 

•r-i 
H

O
 

::J
 

(/) 
res 

·rl 
tr, 

(/) 
rr.< 

•ri 
~
 

'-
./

 
(l} 

,....... 
"O

 
.µ

 
'-

./
 

(l) 
,....... 

'"d 
~_, 

0
)
 

t
i
)
 

<
U

Z
 

i::: 
res 

01 
L

f') 
m

z 
~: 
~
 

(1) 
res ,....... 

0 
rl..._., 

res ·rl 
(l} 

cu 
0 

.-1
~

 
rj. •rl 

tn
 

~n~~ 
. 

0
4

 
.lJ >

 
0

)
 

H
,....... 

. 
P

i 
.µ

 >
 

~
 

.µ
 

r-: 
U

) 
(l) 

~
 

(1) 01 
.µ

 
E

 
C

f) 
<1J 

~
 

>..._., 
!',.{ 

rd 
0 

• res 
>......, 

IX
 

n
j 

p 
~
 

r::C 
U

) 
(/) 

.-t 
~
 

~
 

U
) 

C
f) 

~
 

I 
7

2
-2

1
3

 
155 

2
.7

8
 

3
0

1
 

2
4

.6
 

1
0

-1
0

5
 

4-1 
1

. 7
1

 
286 

1
4

.8
 

II 
1

6
8

-2
3

2
 

200 
2

.3
9

 
137 

1
4

.3
 

3
7

-1
4

8
 

85 
3 .1

6
 

123 
1

7
. 9 

III 
1

9
3

-2
5

5
 

2
2

1
 

2 .6
1

 
108 

1
3

.7
 

8
0

-1
7

0
 

117 
4

.6
6

 
1

0
0

. 
2

3
.5

 

IV
 

2
2

2
-2

7
4

 
242 

2
.7

9
 

83 
1

2
.8

 
1

1
5

-2
6

0
 

157 
6

.7
9

 
6

4
 

2
7

.2
 

V
 

2
0

4
-3

0
5

 
250 

2
.8

1
 

1
1

0
 

1
4

.9
 

1
2

5
-2

6
5

 
1

8
1

 
8

.8
1

 
88 

4
1

.6
 

V
I 

2
3

6
-2

9
0

 
259 

3
.3

2
 

62 
1

3
.1

 
1

3
5

-2
6

7
 

204 
8

.5
9

 
56 

3
2

.1
 

V
II 

2
4

0
-2

8
7

 
265 

3
.1

4
 

5
4

 
1

1
.5

 
1

7
2

-2
9

7
 

221 
1

0
.8

3
 

43 
3

5
.2

 
l"v 
l"v 



· ... ;./. -,.,,. ... ~ ...... ---
I' ~ Ii 1: i i· 

. 
p

 

~
 1 I I I f I I ~ I i I l I t i l 

~1 -i ~ ~ l ! L
, 

~
.:_

"!"--...· 

,--.. 

E
 

E
 
~
 

:c 
..... 
<.!) 

z w
 

_
J

 

~
 

0:: 
0 LL 

3
0

0
 

2
5

0
 

2
0

0
 

.• 

150 

100 

5
0

-

0 _.__ _
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
 _ 

I 

F
ig

u
re 7

. 

n 
ill 

N
 

A
G

E
-G

R
O

U
P

S
 

A
v
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a
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-t 
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X
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o
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P
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c
a
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a
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1
0
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0
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-
-
-
-
-
-
-
-
-
-
-
-
-
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I 

F
ig

u
re 

8
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II 
IT

I 
IT

 
Y-

:VT 
J2TI 

A
G

E
-

G
R

O
U

P
S

 

A
verage w

e:i.ght, 
ran

g
e and 8

-t 0 
X

 
• 

5 

o
f 

P
rio

!w
tu

s 
c
a
 r•oJ.i?1us 

a
t 

d
iffe

re
n

t a
g

e
s. 
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A
n

n
u

al in
crem

en
t in

 w
eig

h
t 

(F
ig

. 
9

) w
as 

re
la

tiv
e
ly

 c
o

n
sta

n
t 

from
 

ag
e-g

ro
u

p
 

I 
to

 IV
 

an
d

 d
e
c
lin

e
d

 
th

e
re

a
fte

r. 
F

ish
 w

eig
h

ed
 

4
1

 g
a
s
 

1 
y

e
a
r-o

ld
s. 

In
crem

en
ts w

ere 44 
g 

fo
r 

th
e
 

seco
n

d
 y

e
a
r, 

32 
g 

fo
r th

e
 
th

ird
 y

e
a
r, 

40 
g 

fo
r 

th
e
 fo

u
rth

 
y

ear an
d

 ·24 
g 

fo
r 

th
e
 fjfth

 
y

e
a
r. 

F
ro

n
 

th:i.s 
stu

d
y

, 
it can

 b
e d

ed
u

ced
 
th

a
t P

rio
n

o
tu

s 
c
a
ro

lin
u

s 

is
 

a 
slm

·1 
g

rc· .. ,i~
g

 
s;;e~

:L
es 

':?ith
 a 

lo
~

g
 
life

 
sp

a
n

. 

M
arsh

all 
( 1

9
4

6
) 

fou.:.:d 
th

a
t m

ark
s 

on 
o

to
lith

s w
ere 

to
o

 

v
a
ria

b
le

 fo
r ag

e d
e
te

rm
in

a
tio

n
; 

h
m

1
ev

er, 
h

e d
id

 n
o

t h
e
a
t th

e
 

o
to

lith
s
. 

U
sin

g
 

sc
a
le

s h
e w

as 
a
b

le
 
to

 d
eterm

in
e 

th
e
 f

ir
s
t 

tw
o 

ag
e-g

ro
u

p
s. 

H
is 

re
su

lts 
show

ed 
th

a
t fish

 a
tta

in
e
d

 a 
le

n
g

th
 

o
f 

153 
to

 
214 mm 

(av
erag

e 
1

7
2

 m
m

) 
an

d
 a _w

eight 
o

f 
4

2
 

to
 

57 
g 

d
u

rin
g

 
th

e
 

seco
n

d
 

su~
m

er '(ag
e-g

ro
u

p
 
I
)
; ·an

d
 a 

le
n

g
th

 o
f 

233 
to

 

2
6

0
 m

m
 

an
d

 a 
w

eig
h

t o
f 

1
1

3
 g 

o
r m

ore d
u

rin
g

 th
e
 
th

ird
 

sum
m

er 

(ag
e-g

ro
u

p
 
II). 

S
cales 

from
 
fish

 
o

v
er 260 mm 

lo
n

g
 w

ere p
ra

c
ti~

 

c
a
lly

 w
o

rth
le

ss 
fo

r ag
e d

e
te

rm
in

a
tio

n
 b

ecau
se o

f 
ille

g
ib

ility
 

an
d

 c
o

n
flic

tin
g

 
in

te
rp

re
ta

tio
n

s; 
o

v
er 

30%
 

o
f 

th
e
 

read
in

g
s w

er•e 

d
isc

a
rd

e
d

. 
T

he h
e
a
v

ie
st fish

 
reco

rd
ed

 w
eig

h
ed

 
7

8
0

 g 
an

d
 

w
a

s 

3
4

7
 

rrun 
lo

n
g

. 

F
ish

 b
elo

n
g

in
g

 to
 ag

e-g
ro

u
p

 
I 

o
f 

th
is

 
stu

d
y

 m
easu

red
 

1
5

5
 

mm 
in

 
le

n
g

th
 an

d
 

4
0

 g 
in

 w
eig

h
t com

pared 
to

 
1

7
2

 mm 
and 

5
0

 g 

from
 

th
e
 

stu
d

y
 m

ade 
by M

arsh
all (1

9
4

5
). 

F
u

rth
e
r co

m
p

ariso
n

s 

a
re

 
im

p
o

ssib
le b

ecau
se h

e d
e
sig

n
a
te

d
 a

ll fis
h

 o
v

er 
2~3 mm 

lo
n

g
 

a
s 

ag
e-g

ro
u

p
 
II o

r o
ld

e
r. 

Som
e 

d
isc

re
p

a
n

c
ie

s 
b

eb
v

een
 o

u
r 

re
su

lts 
co

u
ld

 b
e d

u
e 

to
 
th

e
 fa

c
t 

th
a
t la

rg
e
r fis

h
 o

f 
a 

sp
e
c
ie

s 

a
re

 fre
q

u
e
n

tly
 d

istrib
u

te
d

 fu
rth

e
r n

o
rth

 w
ith

in
 ~

he ran
g

e o
f 

d
istrib

u
tio

n
. 

T
h

at fish
 from

 
th

e
 W

oods 
H

ole a
re

a
 w

ere 
la

rg
e
r 

I 
j 

I 



th
a
n

 
th

o
se

 fro
m

 
C

h
esap

eak
e B

ig
h

t ~,as 
in

d
ic

a
te

d
 b

y
 
th

e
 g

o
o

d
ly

 

n
u

m
b

er o
f 

fis
h

 
o

v
e
r 

3
0

0
 m

m
 

lo
n

g
 
in

 M
a
rsh

a
ll's 

sa
m

p
le

s. 
H

is 

h
e
a
v

ie
st fis

h
 w

as 
n

e
a
rly

 
tw

ic
e
 a

s 
h

eav
y

 a
s 

th
e
 

la
rg

·e
st frcm

 

C
h

esap
eak

e B
ig

h
t. 

L
en

g
th

 F
req

u
en

cy
 D

istrib
u

tio
n

 

A
 to

ta
l o

f 
2833 

fis
h

 
c
o

lle
c
te

d
 
o

v
e
r a 

p
e
rio

d
 
o

f 
12 m

o
n

th
s 

w
as 

in
c
lu

d
e
d

 
in

 
th

e
 

le
n

g
th

 fre
q

u
e
n

c
y

 
d

is
trib

u
tio

n
 

stu
d

y
. 

27 

F
ig

u
re

 1
0

 sh
o

0:1s 
th

e
 
se

a
so

n
a
l d

is
trib

u
tio

n
 o

f 
th

e
 

le
n

g
th

 g
ro

u
p

s· 

in
 

5 mm 
in

tei-•v
als. 

T
h

ree fe
a
tu

re
s 

m
ay 

b
e n

o
te

d
 
in

 
th

e
 

le
n

g
th

 

fre
q

u
e
n

c
y

 
h

isto
g

ra
m

s 
a
s 

fo
llo

w
s: 

· ( 1
) 

fis
h

 
b

elo
w

 
1

0
0

 m
m

 
lo

n
g

 

w
ere 

p
o

o
rly

 
re

p
re

se
n

te
d

 
j.n 

th
e
 

sam
p

les 
fro-n 

th
e
 C

h
esap

eak
e 

B
ig

h
t 

(2
) 

la
rg

e
 fis

h
 w

ere 
u

n
u

su
a
lly

 a
b

u
n

d
a
n

t 
(3

) 
th

e
re

 w
ere 

th
re

e
 d

is
tin

c
t m

odes 
in

 
th

e
 h

isto
g

ra
ra

s. 

M
o

st o
f 

th
e
 
sm

a
lle

r fis
h

 w
ere 

c
a
u

g
h

t 
in

 
th

e
 

C
h

esap
eak

e 

B
ay an

d
 Y

o
rk

 R
iv

e
r. 

T
he 

v
irtu

a
l a

b
se

n
c
e
 

o
f 

ju
v

e
n

ile
 fis

h
 

in
 

th
e
 

tra
w

l 
sam

p
les 

fro
m

 
C

h
esap

eak
e: B

ig
h

t c
o

u
ld

 
b

e 
p

a
rtia

lly
 

a
ttrib

u
te

d
 
to

 
escap

ern
en

t fro
m

 
th

e
 

tra
w

l 
b

etw
een

 
th

e
 fo

o
t 

ro
p

e
 

an
d

 
th

e
 co

d
 

en
d

 
lin

e
r. 

T
h

e 
le

n
g

th
 fre

q
u

e
n

c
y

 d
is

trib
u

tio
n

 w
as 

u
n

u
su

a
l b

e
c
a
u

se
 o

f 

th
e
 
g

re
a
t n

u
m

b
er 

o
f 

la
rg

e
 fis

h
. 

T
h

ere a
re

 
se

v
e
ra

l p
o

ssib
le

 

e
x

p
la

n
a
tio

n
s 

fo
r 

th
e
 

in
c
o

n
g

ru
ity

: 
(1

) 
sm

a
lle

r fis
h

 
w

ere 
in



a
d

e
q

u
a
te

ly
 

sam
p

led
 

(2
)·g

ro
w

th
 
is

 
e
s
p

e
c
ia

lly
 

slo
w

 
in

 
th

e
 
o

ld
e
r 

a
g

e
-g

ro
u

p
s 

an
d

 
th

e
re

fo
re

 
th

e
.la

rg
e
 fre

q
u

e
n

c
y

 m
ay 

re
p

re
se

n
t 

se
v

e
ra

l a
g

e
-g

ro
u

p
s 

o
f 

o
ld

e
r fis

h
 
re

a
c
h

in
g

 an
 

a
sy

m
p

to
te

 
o

f 
th

e
 

g
ro

w
th

 c
u

rv
e
 
(3

) 
o

n
e 

o
r 

tw
o

 d
o

m
in

an
t y

e
a
r-c

la
sse

s w
ere p

re
se

n
t. 

E
x

p
la

n
a
tio

n
s 

(1
) 

an
d

 
(2

) 
a
p

p
e
a
r~

 
e
v

id
e
n

t fro
m

 
th

is
 

stu
d

y
. 
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 d
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d
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c
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p
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iv
en

 
le

n
g

th
. 

T
he c

o
n

d
itio

n
 fa

c
to

r K
 is

 b
ased

 on 
an

 
id

e
a
l fish

 w
hose 

le
n

g
th



w
eig

h
t fo

rm
u

la 
foll0i.·1s 

th
e
 cu

b
ic 

re
la

tio
n

sh
ip

, 
W

 =
 aL

3
, 

w
h

ere

up.on, 
K

 =
 W

/a13. 
M

artin
 

( 1949) 
and 

o
th

e
rs h

av
e draw

n a
tte

n
tio

n
 

to
 

th
e
 fa

c
t 

th
a
t th

e
 cu

b
ic 

re
 1 a tio

n
sh

ip
 
is

 n
o

t obeyed 
g

e
n

e
ra

ll.y
. 

L
e C

ren 
(1

9
5

1
) 

p
ro

p
o

sed
 

th
e
 re

la
tiv

.e
 c

o
n

d
itio

n
 fa

c
to

r K
n 

w
hich 

is
 b

ased
 

on 
th

e
 re

la
tio

n
sh

ip
 J\.i 

=
 W

/aL
n 

to
 b

e d
eterm

in
ed

 
,.. 

e
m

p
iric

a
lly

. 
T

h
erefo

re, 
~
 

=
 W

/W
 w

h
ere th

e
 o

b
serv

ed
 \•1eight 

is
 

d
iv

id
ed

 by 
th

e
 p

re
d

ic
te

d
 w

eig
h

t fo
r 

th
e
 o

b
serv

ed
 

le
n

g
th

 o
f 

fis
h

. 
V

alu
es 

o
f 

K
n 

v
ary

 aro
u

n
d

 
1

.0
; 

d
iffe

re
n

c
e
s from

 
1

.0
 

re
p

re
se

n
t d

e
v

ia
tio

n
s frora 

th
e
 re

g
re

ssio
n

 o
r a 

m
easu

re o
f 

v
a
ria



b
ility

. 
T

hese d
e
v

ia
tio

n
s 

d
e
sc

rib
e
 a

ll v
a
ria

tio
n

s 
in

 w
eig

h
t n

o
t 

a
sso

c
ia

te
d

 w
ith

 
le

n
g

th
 in

 a 
w

ay 
th

a
t 

is
 n

o
t p

o
ssib

le
 w

ith
 

th
e
 

c
o

n
d

itio
n

 facto
'r K

, 
u

n
less n 

eq
u

als 
3

.0
, 

w
h

ich
 
is

 
ra

re
ly

 th
e
 

case 
(B

lack
b

u
rn

 
1

9
6

0
). 

A
 sea tte

r d:i agr·am
 

o
f w

eig
h

ts 
on 

le
:1

g
th

s 
(F

ig
. 11) 

in
d

ic
a
te

s 

th
a
t th

e
 

len
g

th
-w

eig
h

t re
la

tio
n

sh
ip

 
o

f 
n

o
rth

e
rn

 searo
b

in
 conform

s 

to
 th

e
 g

e
n

e
ra

l ex
p

o
n

en
tial fo

rm
u

la 
(W

 
=

 aL
n) 

an
d

 
th

a
t th

e
re

 is
 

n
o

 
sig

n
ific

a
n

t d
iffe

re
n

c
e
 beci,,een 

th
e
 sex

es 
ex

cep
t th

a
t fem

ales 

p
red

o
m

in
ate a

t le
n

g
th

s 
o

f 
280 nun 

o
r m

o
re. 

S
in

ce th
e
 w

eig
h

t o
f 

fish
 
v

a
rie

s w
ith

 fe
e
d

in
g

, 
spaw

ning an
d

 

o
th

e
r a

c
tiv

itie
s
, 

th
e
 

len
g

th
-w

eig
h

t re
la

tio
n

sh
ip

 w
as 

presum
ed 

to
 v

ary
 from

 
seaso

n
 
to

 seaso
n

. 
C

o
n

seq
u

en
tly

, 
th

e
 la

tte
r 

re
la

tio
n

sh
ip

s w
ere c

a
lc

u
la

te
d

 fo
r 

each
 m

onth 
b

y
 th

e
 
le

a
s
t sq

u
ares 
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A
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0
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2
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F
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H
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L

E
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G
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m

) 
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0
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F
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m
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1
1
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A

n
n

u
al 

a
vc1
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fre

 
leY
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·1eight 

re
la

tio
n

s
h
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o
f 

P
rio

n
o

tu
s 

c
a
ro

lin
u

s. 
T

he 
cu

rv
e is
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eriv

ed
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e
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u
a
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m
eth

o
d

. 
T

he v
alu

es 
fo

r· a 
an

d
 

:n 'i.·1ere 
lo

w
est in

 F
eb

ru
ary

 an
d

 

h
ig

h
e
st in

 Ju
n

e 
( T

ab
le 

5
). · A

n
aly

sis 
o

f 
co

v
arian

ce ( L
e 

C
ren., 

1
9

5
1

; 
S

n
ed

eco
r, 

1
9

5
6

) d
em

o
n

strated
 
th

a
t th

e
 v

a
ria

n
c
e
 an

d
 th

e
 

slo
p

e
 w

ere hom
ogeneous 

fo
r M

arch 
th

ro
u

g
h

 Ju
ly

 and 
in

. N
ove11ber 

an
d

 D
ecem

ber. 
F

eb
ru

ary
 an

d
 A

u
g

u
st w

ere 
sig

n
ific

a
n

tly
 d

iffe
re

n
t 

from
 a

ll o
th

e
r m

o
n

th
s. 

T
h

is 
se

rie
s o

f 
te

s
ts

 
show

ed 
th

a
t le

n
g

th


w
eig

h
t re

la
tio

n
sh

ip
s 

ch
an

g
ed

 sig
n

ific
a
n

tly
 w

ithfr1 a 
y

e
a
r. 

T
he av

erag
e 

len
g

th
-w

ej_
g

h
t re

la
tio

n
sh

ip
 

o
f 

P
rio

n
o

tu
s 

c
a
ro

lin
u

s w
as 

W
 =

 0.000004627L
3.1467 

o
r L

og 
W

 =
 -5

.3
3

4
7

 
+

 3
,1

4
6

7
 

L
og 

L
 w

h
ere W

 =
 w

eig
h

t in
 gram

s an
d

 
L

 =
 le

n
g

th
 

i{l m
m

. 

T
he 

re
la

tiv
e
 c

o
n

d
itio

n
 v

alu
es w

ere c
a
lc

u
la

te
d

 fo
r 

each
 fish

 

and 
th

e
 m

ean 
v

alu
es w

ere o
b

tain
ed

 fo
r 

each
 m

o
n

th
's 

sam
p

le. 
N

o 

attem
p

ts w
ere m

ade 
to

 d
iffe

re
n

tia
te

 b
etw

een
 

th
e
 m

ales 
and fem

ales 

o
r m

atu
re an

d
 

im
rnature fis

h
. 

M
ean 

re
la

tiv
e
 c

o
n

d
itio

n
, J\.i, 

p
lo

tte
d

 a
g

a
in

st 
tim

e 
show

ed a 
g

rad
u

al in
c
re

a
se

 from
 N

ovem
ber 

1965 

to
 Ju

ly
 

1
9

6
6

, 
fo

llo
w

ed
 b

y
 a 

decliT
L

e from
 A

u
g

u
st to

 N
ove11ber. 

1966 

(F
ig

·. 
1

2
). 

A
ccu

m
u

latio
n

 o
f 

fa
t p

rio
r to

 g
o

n
ad

al m
atu

ratio
n

 
is

 o
b

serv
ed

 

in
 m

any 
fish

e
s 

(H
o

ar, 
1

9
5

7
). 

S
uch a 

tre
n

d
 

co
u

ld
 b

e 
in

fe
rre

d
 

from
 

th
e
 g

ra
d

u
a
lly

 in
c
re

a
sin

g
 re

la
tiv

e
 c

o
n

d
itio

n
 as 

in
d

ic
a
te

d
 by 

th
e
 ascen

d
in

g
 cu

rv
e in

 F
ig

. 
1

2
. 

D
u

rin
g

 Ju
ly

 an
d

 A
u

g
u

st fis
h

 

w
ere ru

n
n

in
g

 rip
e
 an

d
 
th

is w
as 

in
d

ic
a
te

d
 by th

e
 h

ig
h

 v
alu

es 
o

f 

K
n. 

A
lth

o
u

g
h

 th
e
re

 w
ere no d

a
ta

 fo
r S

ep
tem

b
er an

d
 O

cto
b

er, 
th

e
 

low
 
re

la
tiv

e
 c

o
n

d
itio

n
 in

 N
ovem

ber 
(in

 b
o

th
 1965 an

d
 1966) 

su
g

g
ested

 
th

a
t a 

d
e
c
lin

e
 o

c
c
u

rre
d

·in
 S

ep
te~

b
er. 

T
h

is w
as 

n
o

t 

tm
ex

p
ected

 
sin

c
e
 m

o
st fish

 h
ad

 co
m

p
leted

 th
e
ir spaw

ning an
d

 w
ere 

sp
~

n
t. 

In
 h

is 
stu

d
y

 on P
erea flu

v
ia

tilis
 

L
e 

C
ren (1

9
5

1
) 

fo
u

n
d
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TABLE 
5 

V
alu

es 
o

f 
a 

and n 
from

 
th

e
 len

g
th

-w
eig

h
t fo

rm
u

la 

W
 =

 aL
n 

and m
ean 

re
la

tiv
e
 co

n
d

itio
n

 
(K

n) 
fo

r 
each

 m
onth. 

M
onth 

D
ecem

ber 1
9

6
4

 

Ju
n

e 
1965 

N
ovem

ber 
1965 

F
eb

ru
ary

 1966 

M
arch 

1966 

A
p

ril 1966 

M
ay 

1966 

Ju
ly

 1966 

A
ugust 

1966 

N
ovem

ber 
1966 

S
am

ple 

S
ize ( N

.) 

52 

so 

1
2

0
 

599 

395 

1
0

0
 

562 

92 

1
6

4
 

189 

a 
n 

-5
.1

7
2

9
 

3
.0

8
0

6
 

-5
.9

1
4

1
 

3
.3

5
5

7
 

-s·.1
1

1
7

 
3

.0
4

0
1

 

-4
.8

0
3

9
 

2
.9

2
3

1
 

-5
.4

6
6

8
 

3
.2

0
8

5
 

-5
.6

6
6

5
 

3
.2

9
2

4
 

-5
.3

8
0

8
 

3
.1

5
9

3
 

-5
.4

6
5

1
 

3
.2

3
1

5
 

-5
. 0308 

3
.0

2
9

8
 

-3-.1314 
3

. 0723 

M
ean 

K
 n 

1
.0

1
2

 

0
.8

3
6

 

0
.9

5
6

 

1
.0

1
4

 

1
.0

3
4

 

1
.0

4
8

 

0
.9

6
8

 

1
.1

2
5

 

1
.1

0
7

 

0
.9

0
7
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F
ig

u
re

 
1

2
. 

M
ean 

re
 la

 ti v
e c

o
n

d
itio

n
s 

(K
n

) 
o

f 
P

rio
n

o
 tu

s 
c
a
ro

 li:i.u
s 

· fo
r m

o
n

th
s 

o
f 

1965 
an

d
 

1
9

6
6

. 
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3
9

 

~
-

th
a
t 

se
a
so

n
a
l ch

an
g

es 
in

 
th

e
 i:.-1eight 

o
f 

g
o

n
a
d

s, 
e
sp

e
c
ia

lly
 
th

e
 

-
/ 

~-

o
v

a
rie

s, 
jn

flu
e
n

c
e
d

 
th

e
 
re

la
tiv

e
 c

o
n

d
itio

n
 

c
u

rv
e
 s

u
b

s
ta

n
tia

lly
. 

F
o

r 
exa.i'nple, 

w
hen 

th
e
 
o

v
a
rie

s 
o

f 
th

e
 p

e
rc

h
 w

ere 
rip

e
, 

th
e
y

 

a
v

e
ra

g
e
d

 a
b

o
u

t 
2Cf/o 

o
f 

th
e
 b

o
d

y
 w

e
ig

h
t an

d
 

in
 
th

e
 fre

s
h

ly
 

sp
e
n

t 

fis
h

 
o

v
a
rie

s w
ere a

b
o

u
t 3%

 
o

f 
th

e
 b

o
d

y
 w

e
ig

h
t. 

T
h

e
re

fo
re

, 
th

e
 

re
la

tiv
e
 c

o
n

d
itio

n
 
c
o

rre
sp

o
n

d
e
d

 c
lo

se
ly

 
to

 
th

e
 

sp
aw

n
in

g
 c

y
c
le

 

in
 
s
p

ite
 
o

f 
th

e
 fa

c
t 

th
a
t d

a
ta

 t:1ere 
lack

:i.n
g

 
in

 
a 

few
 m

o
n

th
s. 

R
e
la

tiv
e
 c

o
n

d
itio

n
 
v

a
lu

e
s w

ere p
lo

tte
d

 a
g

a
in

s
t 

th
e
 
le

n
g

th
 

o
f 

fis
h

 fo
r 

th
e
 m

o
n

th
 

o
f 

M
arch

 
(F

ig
. 

1
3

) •. 
T

h
e K

n 
v

a
lu

e
s w

ere 

h
ig

h
 fo

r fis
h

 
b

elo
w

 
1

6
0

 mm 
in

 
le

n
g

th
. 

B
etw

een
 

1
7

0
 an

d
 

2
2

0
 rrun, 

re
la

tiv
e
 c

o
n

d
itio

n
 w

as 
a
t 

its
 

lrn
·1

est, 
b

e
in

g
 
le

s
s
 

th
a
n

 
th

e
 

a
v

e
ra

g
e
 fo

r 
th

e
 m

o
n

th
. 

R
e
la

tiv
e
 c

o
n

d
itio

n
 b

eg
an

 
to

 
ris

e
 a

fte
r 

1
8

5
 rrun, 

re
a
c
h

e
d

 a 
p

eak
 a

t 
2

?5
 nun, 

an
d

 d
e
c
lin

e
d

 a
fte

r 
2

7
5

 m
m

. 

T
h

ere w
ere 

se
v

e
ra

l d
e
p

re
ssio

n
s 

b
etw

een
 

2
1

0
 an

d
 

275 m
m

. 
In

 

o
th

e
r m

o
n

th
s 

th
e
 p

a
tte

rn
 w

as 
s
im

ila
r. 

R
e
la

tiv
e
 c

o
n

d
itio

n
 w

as 
h

ig
h

 
in

 b
o

th
 

th
e
 

sm
a
ll an

d
 
la

rg
e
 

fis
h

; 
th

e
 

form
e"!." 

c
o

u
ld

 
b

e
 d

u
e
 

to
 

th
e
 hig~"'-

!:'ct te
. o

f 
gro·:1th 

befor"'e 

th
e
 
o

n
s
e
t 

o
f 

se
x

u
a
l m

a
tu

ra
tio

r~
 

a
n

d
 

th
e
 
la

tte
r
 d

u
e 

to
 
th

e
 fa

c
t 

th
a
t a

s 
fis

h
 

in
c
re

a
se

d
 

in
 
a
g

e
, 

w
e
ig

h
t 

in_creD
.sed m

uch fa
s
te

r 

th
a
n

 
le

n
g

th
. 

T
h

e d
e
c
lin

e
 a

fte
r 

275 nun 
w

as 
p

ro
b

a
b

ly
 c

a
u

se
d

 

b
y

 
s
e
n

ility
. 

T
h

e m
o

st p
la

u
sib

le
 
e
x

p
la

n
a
tio

n
 fo

r 
th

e
 

lo
w

 

re
la

tiv
e
 c

o
n

d
itio

n
 beb:1een 

1
7

0
 an

d
 

2
2

0
 mm 

w
as 

a
ttrib

u
te

d
 
to

 

th
e
 dem

ands 
o

n
 m

e
ta

b
o

lic
 
p

ro
c
e
sse

s 
d

u
rin

g
 

se
x

u
a
l m

a
tu

ra
tio

n
 

( P
a
n

tu
lu

, 
1

9
6

3
). 

F
ish

 w
ith

in
 
th

is
 

le
n

g
th

 
ra

n
g

e
 w

ere u
n

d
erg

o
in

g
 

se
x

u
a
l m

a
tu

ra
tio

n
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G
o
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o

f 
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x
u

a
lly

 m
a
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b

eg
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c
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. 

B
y 

M
ay, 
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e 

fis
h

 w
ere 

g
ra

v
id

, 
an

d
 
in

 
Ju

ly
 
th

e
 

ru
n

n
in

g
 
rip

e
 
c
o

n
d

itio
n
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as 

o
b

se
rv

e
d

. 
R

u
n

n
in

g
 
rip

e
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h
 w

ere 

p
re

v
a
le

n
t 
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u
g

u
st 

an
d

 
e
a
rly

 S
ep

tem
b

er. 
M

o
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h
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ere 
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e
n

t 

b
y
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ove-nber, 

ex
cep
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r 

a 
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 m
a
le

s. 
T

he 
g

o
n
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s 

o
f 

fis
h

 
c
a
u

g
h

t 
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F
e
b
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a
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p

p
e
a
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d
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 d
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n

t fro
m
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u
n

d
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N
ovem

ber. 

T
h

e 
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o
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p
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 d
a
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o
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p
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n

u
a
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A

p
ril, 

Ju
n

e
, 

O
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er an

d
 

D
ecem

b
er 
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te

d
 
th

a
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n

in
g
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9

6
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th
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h
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eak
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ig
h
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as 
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A

u
g
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st an

d
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a
s
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p
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S

ep
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b
er. 

T
a
b
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s 
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e
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n
in

g
 p

e
rio
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s 

o
f 

P
rio
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o
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s 

c
a
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u

s 
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v
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s 
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g

io
n
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c
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o
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in

g
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v
e
ra
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u

th
o
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E

x
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t fo
r. 
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9

0
7
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th
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v
e
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a
to
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p

o
rte

d
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a
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w

ev
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e
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d
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u
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t 
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t 
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. 

c
a
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u
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n
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o
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f 

C
h

esap
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e 

B
ig

h
t. 
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h
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5

6
) 
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n
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d
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e
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g
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o
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P
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a
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u
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P
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e
v

o
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n
s 
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y
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e
 d
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u
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o
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o
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b
u
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e
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m
p
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e
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t 
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d
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s 

a
t 
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e
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irg
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o
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M
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c
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n
c
e
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n
a
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n
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E
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p
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 d

is
trib
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c
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b
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a
d

c
liffe

, 
1918 

N
ich

o
ls 

an
d

 B
red

er, 
1927 

H
ild

eb
ran

d
 an

d
 S

ch
ro

ed
er, 

1928 

P
erL

·1
m

tter, 
1939 

B
 ig

e
 ~.:-· ... ' 

a!'.d S
c:rroec.e:', 

1
9

5
 3 

W
hea tla!td

, 
1956 



~
.; 

' 
l ' 

. 
~ i l t i l l l l I \ . 

4
3

 

sp
aw

n
in

g
 re

p
o

rte
d

 
in

 
th

e
 n

o
rth

ern
. ran

g
e c

o
u

ld
 b

e d
u

e 
to

 
e
rro

rs 

in
 
th

e
 
stu

d
y

 o
f 

em
b

ry
o

lo
g

y
 p

f r• · c
a
ro

lin
u

s an
d

 !:· 
e
v

o
la

n
s. 

T
he 

la
tte

r sp
e
c
ie

s w
as 

fo
u

n
d

 
to

 
spaw

n 
e
a
r'1

ie
r in

 C
h

esap
eak

e B
ig

h
t. 

F
ish

 aro
u

n
d

 
200 

Jrull 
lo

n
g

 w
ere read

y
 
to

 
spaw

n 
ev

en
 

th
o

u
g

h
 

th
e
 g

o
n

ad
s w

ere 
sm

a
ll. 

T
h

e
re

fo
re

, 
p.. 

c
a
ro

lin
u

s a
tta

in
e
d

 
se

x
u

a
l 

m
a
tu

rity
 a

t ag
e II 

o
r III. 

I I I 



l i f I I l I i t f 
• 

t I I 
J 

44 

S
ill'iM

A
R

Y
 

1: 
T

he 
firs

t fiv
e
 ag

e-g
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u
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 b

e 
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e b
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f 
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w
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n
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o
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n
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e
rse
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c
tio

n
s 

o
f 

sco
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to
lith

s. 

2
. 

T
he fi.rst 

th
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e
 ag

e-g
ro

u
p

s 
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u
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b

e
 in

f e
rre
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 from
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n
g
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u
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s d
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ite
 u

n
u
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. 
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o
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b
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as 

a 
slow
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n
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. 
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. 
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a
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s
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n
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a
n
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n

al d
iffe
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n

c
e
s 
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g
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-w
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h

t re
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n
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T
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an

n
u
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e 
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n
g
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w
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h
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u
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as 

W
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0

.0
0

0
0

0
4

6
2
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1
3
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4

6
7
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 c
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n

d
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u
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c
a
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u
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A
u
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u
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p
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S
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h
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h

t. 
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o
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c
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u

s m
atu
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u
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g
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ab

o
u
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c
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f m
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l m
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ic d

a
ta

 from
 

th
e
 A

tla
n

tic
 p

lan
k

to
n

 c
ru

ise
s o

f 
th

e 

R
/V

 
P

a
th

fin
d

e
r D

ecem
ber 

1959 
-

D
ece~

ber 1960. 
V

a. 
F

ish
. 

L
ab

., 
S

p
e
c
. 

S
c
i. 

R
e
p

t. 
N

o. 
1

8
. 

K
estev

en
, 

G
. 

1
,. 

1947. 
O

n 
th

e p
o

n
d

eral in
d

ex
, 

o
r co

n
d

itio
n

 

facto
r· as 

em
ployed 

:i.n 
fish

e
rie

s 
b

io
lo

g
y

. 
E

cology 
2

8
: 

7
8

-8
0

. 

K
u

n
tz, 

A
. , 

and 
L

. 
R

ade lif f e
. 

1
9

1
8

. 
N

otes 
on 

th
e 

em
bryo log~, and 

la
rv

a
l d

ev
elo

p
m

en
t o

f 
t:w

elve 
te

le
o

ste
a
n

 fish
e
s. 

B
u

ll. 

u. s. 
B

ur. 
F

ish
. 

3
5

:8
7

-1
3

4
. 

L
e C

re
n

, 
E

. 
D

. 
1

9
5

1
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ech
an

ics 
o

f 
enviro:r.m

ental c
o

n
tro

l 

o
f 

body form
 

in
 fish

e
s. 

U
n

iv
. 

T
o

ro
n

to
 S

tu
d

. 
B

io
l. 

S
e
r. 

5
8

. 

M
o

lan
d

er, 
A

. 
1

9
4

7
. 

O
b

serv
atim

rn
 

on 
th

e
 g

ro
w

th
 o

f 
th

e
 p

la
ic

e
 

an
d

 on 
th

e
 fo

rm
atio

n
 

o
f 

an
n

u
al rin

g
s 

in
 
its

 o
to

lith
s. 

S
v

en
. 

H
ydrog. 

B
io

l. 
K

om
m

. 
S

k
rifte

r. 
N

y
. 

S
e
r. 

B
io

l., 
2

(8
): 

1
-1

1
. 

N
ich

o
ls, 

J
. 

T
. 

an
d

 c. 
M

. 
B

re
d

e
r,.Jr. 

1
9

2
7

. 
T

he m
arin

e fish
e
s 

o
f 

N
ew

 
Y

ork an
d

 
so

u
th

ern
 N

ew
 

E
n

g
lan

d
. 

Z
o

o
lo

g
ica 

9( 1
): 

1
-1

9
2

. 

P
an

tu
lu

, 
R

. v. 
1

9
6

2
. 

O
n 

th
e
 use· o

f 
p

e
c
to

ra
l sp

in
es fo

r 
th

e
 

d
e
te

rm
in

a
tio

n
 o

f ag
e an

d
 g

ro
w

th
 o

f 
P

an
g

asiu
s p

an
g

asiu
s 

(H
am

ilto
n

 B
u

ch
). 

J
. 

du C
o

n
seil 2

7
(2

):1
9

2
-2

1
6

. 

---. 
1

9
6

3
. 

S
tu

d
ie

s 
O

:l 
th

e ag
e an

d
 

gror:1th, 
fe

c
u

n
d

ity
 an

d
 

sp
aw

n
in

g
 o

f 
O

ste.o
g

cn
eio

su
s m

ilita
r:is. 

J
. 

d
u

 C
o

n
seil 2

8
(2

): 

2
9

5
-3

1
5

. 

P
e
rlm

u
tte

r, 
A

. 
1

9
3

9
. 

A
n 

eco
~

o
g

ical su
rv

ey
 o

f 
young fish

 an
d

 

eg
g

s 
id

e
n

tifie
d

 from
 

to
w

-n
et c

o
lle

c
·tio

n
s. 

S
e
c
tio

n
 I

. 
A

 

b
io

lo
g

ic
a
l su

rv
ey

 o
f 

s
a
lt w

aters 
o

f 
L

ong 
I~

lan
d

, 
1

9
3

8
. 

P
a
rt II. 

S
u

p
p

l. 
2

8
th

 A
nn. 

R
ep

., 
1

9
3

8
, 

S
ta

te
 N

. 
Y

. 
C

o
n

s. 

D
e
p

t., 
p

p
. 

1
1

-7
1

. 

R
ich

ard
s, s. w. 

1
9

6
3

. 
T

he d
erm

ersal fish
 p

o
p

u
la

tio
n

 o
f 

L
ong 

Isla
n

d
 S

ound. 
B

u
ll. 

B
in

g
. 

O
cean. 

C
o

ll. 
18( 2

): 1
-1

0
1

. 

S
,m

ith, 
H

. 
M

. 
1

9
0

7
. 

T
he 

fish
e
s of 

N
o

rth
 C

a
ro

lin
a
. 

N
o

rth
 C

aro
lin

a 

I I l i I 

I t ! f t I 



.J ... "'-c
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4
8

 

G
eo

l. 
E

con. 
S

u
rv

., 
R

aleig
h

. 
v

o
l. 

II, 
453 

p
. 

S
n

ed
eco

r, 
G

. 
E

. 
1

9
5

6
. 

S
ta

tis
tic

a
l m

eth
o

d
s. 

Iow
a 

S
ta

te
 U

n
iv

. 

P
re

ss. 
A

m
es, 

Iow
a. 

532 
p

. 

S
um

ner, 
F

. 
B

., 
R

. c. 
O

sburn an
d

 L
. 

J
. 

C
o

le. 
1

9
1

3
. 

A
 b

io
lo

g
ic

a
l 

su
rv

ey
 o

f 
th

e
 ·1"1aters 

o
f \tJoods 

H
ole and 

v
ic

in
ity

. 
P

a
rt II, 

S
ectio

n
 III 

--
A

 c
a
ta

lo
g

 o
f 

th
e m

arin
e fa

u
n

a
. 

B
u

ll. 
U

. 
s. 

B
u

r. 
F

ish
. 

3
1

:5
4

9
-7

9
4

. 

T
ro

u
t, 

G
. c. 

1
9

5
4

. 
O

to
lith

 groi,., 1th
 
o

f 
th

e
 B

ar,ents 
Se.a 

co
d

. 
R

ap
p

. 

C
ons. 

In
te

rn
. 

E
x

p
lo

r. 
M

er, 
1

3
6

:8
9

-1
0

2
. 

W
alfo

rd
, 

L
.A

. 
and K

. 
H

. 
M

osher. 
1

9
4

3
. 

· S
tu

d
ies on 

th
e
 P

a
c
ific

 

p
ilc

h
a
rd

 o
r sa

rd
in

e
 (S

ard
in

o
p

s 
c
a
e
ru

le
a
). 

2
. 

D
eterm

in
atio

n
 

o
f 

th
e
 ag

e 
o

f 
ju

v
e
n

ile
s 

b
y
 sea le

s 
a
n

d
 o

to
li th

s
. 

U
. 

S
. 

F
ish

. 

W
ild

l. 
S

e
rv

., 
S

p
ec. 

S
c
i. 

R
ep

t. 
-

F
ish

. 
n

o
. 

2
0

, 
19 p

. 

W
h

eatlan
d

, s. 
B

. 
1

9
5

6
. 

O
cean

o
g

rap
h

y
 o

f 
L

ong 
Isla

n
d

 
S

0u.11d, 

1
9

5
2

-5
4

. 
V

II. 
P

elag
ic fish

 
eg

g
s an

d
 
la

rv
a
e
. 

B
u

ll. 
B

in
g

. 

O
ceanog. 

C
o

ll. 
1

5
:2

8
4

-2
8

6
. 

M
o

u
lto

n
, 

J
. 

L
. 

1
9

5
6

. 
In

flu
en

cir,g
 th

e
 c

a
llin

g
 o

f 
searo

b
in

s 

( P
rio

n
o

tu
s 

sp
p

.) w
ith

 
so

u
n

d
. 

B
io

l. 
B

u
ll. 

111: 393-398 ~ 
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P
a
rt 3 

AGE AND GROW
TH.OF 

THE SPO
TTED

 HAKE 2 

B
y 

CHARLES 
A

. 
BARANS 

V
IR

G
IN

IA
 IN

STITU
TE O

F M
ARINE 

SC
IEN

C
E 

GLOUCESTER 
PO

IN
T, 

V
IR

G
IN

IA
 

2 From
 a M

A 
T

h
esis, 

D
istrib

u
tio

n
, G

row
th anp _B

ehavior 
o

f 
th

e S
p

o
tted

 
H

ake 
in

 
th

e C
hesapeake B

ig
h

t. 
S

ch
o

o
l o

f-M
arin

e S
cien

ce, 
C

o
lleg

e o
f 

W
illiam

 and M
ary 

in
.V

irg
in

ia
. 



A
G

E 
AND 

GROW
TH 

A
G

E 
D

ETEfil'{IN
A

TIO
N

 

S
c
a
le

 
sam

p
les w

ere 
tak

en
 

from
 

225 
h

ak
e 

c
o

lle
c
te

d
 

in
 A

u
g

u
st, 

1967 

and 
O

cto
b

er, 
1

9
6

8
; 

sc
a
le

s 
from

 
193 

fish
 w

ere 
re

a
d

a
b

le
. 

T
he 

re
la

tio
n

sh
ip

 

b
etw

een
 

sc
a
le

 
ra

d
iu

s 
and 

body 
le

n
g

th
 w

as 
n

o
t 

c
a
lc

u
la

te
d

 
b

e
c
a
u

se
·sc

a
le

s, 

ta
k

e
n

 
from

 se
v

e
ra

l 
lo

c
a
tio

n
s 

on 
th

e
 
fis

h
, 

d
iffe

re
d

 
in

 sh
ap

e. 

S
e
v

e
ra

l 
fa

c
ts 

su
p

p
o

rt 
th

e
 v

a
lid

ity
 

o
f sc

a
le

 m
arks 

a
s 

a
n

n
u

li. 
T

he 

av
erag

e 
le

n
g

th
s 

o
f h

ak
e 

o
f 

g
iv

en
 ag

e 
g

ro
u

p
s w

ere 
sim

ila
r 

to
 m

odes 
in

 

le
n

g
th

-fre
q

u
e
n

c
ie

s. 
T

he 
num

ber 
o

f 
s~

a
le

 m
arks 

in
c
re

a
se

d
 w

ith
 

th
e
 

le
n

g
th

 

o
f 

th
e
 
fish

 
and w

as 
u

su
a
lly

 
1 

les-s 
th

an
 

th
e
 num

ber 
o

f 
rin

g
s 

in
 
c
le

a
re

d
 

o
to

lith
s
 

fro
m

 
fish

 
o

f 
sim

ila
r 

le
n

g
th

s .. 

A
n 

an
n

u
lu

s 
is 

c
h

a
ra

c
te

riz
e
d

 
b

y 
a 

sh
arp

.ch
an

g
e 

in
 
d

ire
c
tio

n
 

(to
w

ard
 

th
e
 
sc

a
le

 ed
g

e) 
an

d
 

c
lo

se
r 

sp
a
c
in

g
 o

f m
any 

c
irc

u
li 

(F
ig

s. 
13 

and 
1

4
). 

T
he 

c
lo

se
ly

 
sp

aced
 
c
irc

u
li 

ap
p

ear as 
c
o

n
c
e
n

t!ic
 
rin

g
s 

ab
o

u
t 

th
e
 

fo
cu

s. 

In
 se

v
e
ra

l 
sc

a
le

s 
new

ly 
form

ed 
c
irc

u
li 

c
u

t 
a
c
ro

ss 
o

ld
e
r 

c
irc

u
li 

a
t 

th
e
 

an
n

u
lu

s. 
M

ost 
sc

a
le

s 
w

ere 
d

iffic
u

lt 
to

 
in

te
rp

re
t. 

T
he 

an
n

u
lu

s 
p

ro
b

ab
ly

 
is

 
form

ed 
d

u
rin

g
 
la

te
 F

eb
ru

ary
 

o
r 

e
a
rly

 M
arch. 

D
u

rin
g

 
th

e
se

 m
onths 

th
e
 

b
o

tto
m

 w
aters 

o
f 

th
e 

n
o

rth
e
rn

 
C

h
esap

eak
e B

ig
h

t 
a
re

 

th
e
 
c
o

ld
e
st 

(B
ig

elo
w

, 
1

9
3

3
). 

T
he 

ab
sen

ce 
o

f 
a
n

n
u

li a
t 

th
e
 ed

g
e 

o
f 

sc
a
le

s 

fro
m

 h
ak

e 
cau

g
h

t 
in

 O
cto

b
er 

in
d

ic
a
te

s 
th

a
t 

h
ak

e w
ere 

in
 
o

r a
t 

th
e
 

end 
o

f 

a 
g

ro
w

in
g

 p
e
rio

d
. 

T
he m

a
jo

rity
 

o
f 

sc
a
le

s 
lack

ed
 
a
n

n
u

li 
re

p
re

se
n

tin
g

 
th

e
 
firs

t 
w

in
te

r, 

w
h

ich
 

o
ccu

rs 
o

n
ly

 
se

v
e
ra

l m
o

n
th

s 
a
fte

r m
o

st 
h

ak
e 

a
re

 
sp

aw
n

ed
. 

S
c
a
le

s 

w
ith

o
u

t 
an

 
an

n
u

lu
s 

w
ere 

from
 h

ak
e 

ap
p

ro
x

im
ately

 
1 

y
ear 

o
ld

; 
th

e
se

 
h

ak
e 

w
ere 

c
o

n
sid

e
re

d
 

ag
e 

g
ro

u
p

 I. 
S

c
a
le

s w
ith

 
one 

an
n

u
lu

s 
re

p
re

se
n

te
d

·h
a
k

e
 

o
f 

28 



29 

F
ig

u
re 

1
3

. 
S

ca
le 

o
f 

fe
m

a
le

 
sp

o
tte

d
 

b
ak

e 
(T

L
=

355mm
)

. 
A

rro
w

s 
m

ark 
a
n

n
u

li. 





3
0

 

F
ig

u
re

 1
4

. 
S

cale o
f fem

ale 
sp

o
tte

d
 h

ak
e 

(T
L

=312m
m

). 
A

rrow
s m

ark 
seldom

 form
ed 

in
n

e
r an

n
u

lu
s 

(in
sid

e
), 

seco
n

d
 an

n
u

lu
s 

and fa
lse

 
an

n
u

lu
s 

(o
u

tsid
e
). 

• 

.. 
";,," 
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ag
e 

g
ro

u
p

 
II. 

O
to

lith
s 

had 
a 

firs
t w

in
te

r 
a
n

n
u

lu
s,.th

e
re

fo
re

 
th

e 
num

ber 

o
f a

n
n

u
li 

in
 o

to
lith

s w
as 

one 
g

re
a
te

r 
th

an
 
in

 sc
a
le

s 
o

f 
th

e
 

sam
e 

fish
. 

T
h

e 
re

su
lts 

o
f ag

e d
e
te

rm
in

a
tio

n
s 

from
 

sc
a
le

s 
(T

a
b

le
s·l, 

2 
and 

3
) 

a
re

 
c
o

n
siste

n
t w

ith
 
re

su
lts 

from
 

le
n

g
th

-fre
q

u
e
n

c
y

 a
n

a
ly

sis 
(p

. 3
3

). 
T

~e 

m
ean 

le
n

g
th

s 
o

f 
fish

 
o

f 
each

 
ag

e 
g

ro
u

p
 

a
re

 
re

p
o

rte
d

 
in

 
cm

, 
alth

o
u

g
h

 
le

n
g

th
s 

o
f 

fish
 

cau
g

h
t 

in
 O

cto
b

er w
ere 

reco
rd

ed
 

in
 m

m
. 

T
h

ere is
 
little

 o
v

erlap
 
in

 

le
n

g
th

 
ran

g
es 

o
f 

fish
 

b
etw

een
 ag

e g
ro

u
p

s. 
T

he 
la

rg
e
st 

fem
ale 

(362 
m

m
) 

w
as 

3 
y

ears 
o

ld
 

and 
th

e 
la

rg
e
st m

ale 
(261 m

m
), 

2 
y

ears 
o

ld
. 

GROW
TH A

N
A

LY
SIS 

A
n

aly
sis 

o
f 

in
fo

rm
a
tio

n
 d

eriv
ed

 
from

 
sc

a
le

s 
in

d
ic

a
te

s 
th

a
t 

sp
o

tte
d

 

h
ak

e 
grow

 
ra

p
id

ly
. 

T
he 

m
ean 

le
n

g
th

s 
o

f 
ag

e 
g

ro
u

p
 

I 
m

ales 
(1

7
.3

 
cm

) 
and 

. 
fem

ales 
(2

0
.2

 
cm

) 
from

 so
u

th
 

o
f 

3
7

° N
 w

ere co
n

sid
ered

 
to

 re
p

re
se

n
t 

th
e
 

av
erag

e 
firs

t 
y

ears 
g

ro
w

th
 

(p
.3

7
). 

A
lth

o
u

g
h

 
le

n
g

th
 a

t 
th

e
 

end 
o

f 
th

e 
firs

t 

y
e
a
r 

is
 

com
pa.rable 

to
 
th

a
t 

re
p

o
rte

d
 

by-
B

ig
elo

w
 and 

S
ch

ro
ed

er 
(1

9
5

3
) 

fo
r 

U
. 

ch
u

ss 
(200 m

m
), 

th
is

 
le

n
g

th
 re

p
re

se
n

ts 
a_ g

re
a
te

r 
p

ro
p

o
rtio

n
 o

f 
th

e 
-

' 

sp
o

tte
d

 h
ak

e.'s 
m

axim
um

 
le

n
g

th
. 

F
em

ale 
sp

o
tte

d
 h

ak
e 

reach
 

ap
p

ro
x

im
ately

 

h
a
lf o

f 
th

e
ir m

axim
um

 
le

n
g

th
 d

u
rin

g
 

th
e
 
firs

t 
y

e
a
r; 

m
ales 

reach
 m

ore 
th

an
 

h
a
lf 

o
f 

th
e
ir m

axim
um

 
le

n
g

th
 d

u
rin

g
 

th
e 

firs
t 

y
e
a
r. 

F
em

ales 
~row

 
fa

ste
r 

and-
liv

e
 

lon.ger 
th

an
 m

ales. 
In

 O
cto

b
er; 

th
e 

d
iffe

re
n

c
e
 

b
etw

een
 m

ean 
le

n
g

th
s 

o
f ag

e 
g

ro
u

p
 

I 
m

ales 
and 

fem
ales 

w
as 

4
.2

 
cm

 
in

 h
ak

e 
c
o

lle
c
te

d
 n

o
rth

 o
f 

3
7

° N
 and 

2
.9

 
cm

 
in

 h
ak

e 
c
o

lle
c
te

d
 

so
u

th
 o

f 
3

7
° N

. 
T

he 
d

i~
fc

re
n

c
e
 

b
etw

een
 m

ean 
le

n
g

th
s 

o
f 

ag
e 

g
ro

u
p

 
II 

m
ales 

and 
fem

ales 
w

as 
6

.1
 

in
 

th
e 

n
o

rth
; 

th
~

 
sam

p
le 

o
f h

ak
e 

from
 

so
u

th
 o

f 

3
7

° N
 co

n
tain

ed
 o

n
ly

 
o

n
e ag

e 
g

ro
u

p
 II 

fem
ale 

(2
8

 
cm

). 
N

o 
ag

e 
g

ro
u

p
 
III 

m
ales 

o
r 

fem
ales w

ere 
c
o

lle
c
te

d
 

so
~

th
 

o
f 

3
7

° N
. 

H
ak~ 

6
£

 
b

o
th

 
sex

es 
ap

p
ear 

to
 

grow
 m

ore 
ra

p
id

ly
 

in
 n

o
rth

e
rn

 
th

an
 
in

 

so
u

th
~

rn
 

la
titu

d
e
s. 

A
ge 

g
ro

u
p

 
I 

m
ales 

from
 

n
o

rth
 

o
f 

3
7

° N
 av

erag
ed

 
3

.9
 

cm
 

lo
n

g
er 

th
an

 m
ales 

from
 

so
u

th
 

o
f 

3
7

° N
. 

T
he 

d
iffe

re
n

c
e
 

b
etw

een
.ag

e 

31 



TA
B

LE 
1 

M
ean 

le
n

g
th

s 
(cm

) 
o

f sp
o

tte
d

 
h

ak
e 

by ag
e 

g
ro

u
p

 
an

d
 

se
x

. 
H

ake w
ere 

c
o

lle
c
te

d
 n

o
rth

·o
f 37°N

· in
 A

u
g

u
st, 

1967.--

FEM
ALES 

M
ALES 

A
ge 

g
ro

u
p

 
I 

II 
III 

I 

N
um

ber 
o

f 
fish

 
10 

17 
2 

39 
H

e
a

n
 

le
n

g
th

 
2

2
.3
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3
5
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1
9
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R
ange 

in
 

le
n
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1
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S

tan
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d

e
v
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tio

n
 

1
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6
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.2
4

 
1

3
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9
 

S
tan

d
ard

 
e
rro

r 
4

.2
2

 
3

.9
7

 
1

. 5
9

 
2

.1
3

 
Y

early
 

in
crem

en
t 

2
2

.3
 

9
.0

 
3

.9
 

1
9

.9
 

TA
B

LE 
2 

M
ean 

le
n

g
th

s 
(cm

) 
o

f 
sp

o
tte

d
 h

ak
e 

by 
a

g
e

 
g

ro
u

p
 

and 
sex

. 
H

ake w
ere 

c
o

lle
c
te

d
 

n
o

rth
 

o
f 37°N

 
in

 O
cto

b
er, 

1968. 

FEM
A

LES 
M

ALES 
A

ge 
g

ro
u

p
 

I 
I
I
 

I
I
I
 

I 

N
um

ber 
o

f 
fish

 
18 

14 
2 

49 
M

ean 
le

n
g

th
 

2
5

.4
 

3
1

.1
 

3
6

.0
 

21. 2 
R

ange 
in

 
le

n
g

th
 

21-28 
29-34 

36 
1

8
-2

4
 

S
tan

d
ard

 
d

e
v

ia
tio

n
 

1
. 7

6
 

1. 80 
1

.2
5

 
S

tan
d

ard
 
e
rro

r 
0

.4
2

 
O

.LiB
 

0
.1

8
 

Y
early

 
in

crem
en

t 
2

5
.4

 
5

.7
 

4
.9

 
2

1
. 2 

TA
B

LE
 

3 

M
e

a
n

 
le

n
g

th
s 

(cm
) 

o
f 

sp
o

tte
d

 h
ak

e bY 
ag

e 
g

ro
u

p
 

and 
se

x
. 

H
ake 

w
ere 

c
o

lle
c
te

d
 

so
u

th
 

o
f 

37 
N

in
 O

cto
b

er, 
1968. 

A
ge 

g
ro

u
p

 

N
um

ber 
o

f 
fish

 
M

ean 
le

n
g

th
 

R
ange 

in
 
le

n
g

th
 

S
tan

d
ard

 d
e
v
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tio

n
 

S
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d
ard

 ·e
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Y
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en
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0
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ALES 

I
I
 

32 

1 
2

8
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M
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1

7
.3
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1

.0
0

 
a.so 

1
7

.3
 

I
I
 

8 
2

5
.0

 
24-26 
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2
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5
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I
I
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2

5
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1
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0
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3
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::.. 

g
ro

u
p

 
I 

fem
ales 

fro
m

 
th

e 
n

o
rth

 
and 

th
o

se 
from

 
th

e
 

so
u

th
 w

as 
5

.2
 

cm
. 

T
he 

la
rg

e
 

in
d

iv
id

u
a
ls 

o
f 

ag
e 

g
ro

u
p

 I 
in

.th
e
 n

o
rth

 had 
little

 e
ffe

c
t 

on 
th

e 

m
ean 

le
n

g
th

 
o

f 
th

a
t 

y
ear 

c
la

ss, 
as 

is
 

show
n 

lat"er; 
b

ecau
se .o

f 
th

e
 
g

re
a
t 

num
bers 

o
f 

sm
a
lle

r 
in

d
iv

id
u

a
ls 

in
 

th
e
 

so
u

th
. 

I
t 

is
 
p

o
ssib

le
 

th
a
t 

h
ak

e 
(2

1
0

-2
5

0
 

nun) 
from

 
n

o
rth

 
o

f 
37° N

 w
ere 

n
o

t 

o
f 

th
e
 

sam
e 

ag
e 

g
ro

u
p

 
as 

th
e
 
sm

a
lle

r 
{200 m

m
) 

in
d

iv
id

u
a
ls 

from
 
th

e
 

so
u

th
. 

A
 
g

re
a
t 

d
iffe

re
n

c
e
 

in
 

g
ro

w
th

 p
a
tte

rn
 m

u
st 

e
x

ist 
b

etw
een

 h
ak

e 
spaw

ned 
in

 

fa
ll 

and 
th

o
se

 
spaw

ned 
in

 w
in

te
r 

o
r 

e
a
rly

 
sp

rin
g

. 
In

 fa
ll 

optim
um

 g
ro

w
th

 

c
o

n
d

itio
n

s 
p

ro
b

ab
ly

 e
x

ist 
in

 
th

e
 

su
rfa

c
e
 w

aters 
o

f 
th

e
 C

h
esap

eak
e B

ig
h

t. 

D
u

rin
g

 w
in

te
r and 

e
a
rly

 
sp

rin
g

, 
p

lan
k

to
n

 p
o

p
u

la
tio

n
s 

in
 

th
e 

su
rfa

c
e
 w

~
ters 

a
re

 
p

ro
b

ab
ly

 q
u

ite
 p

o
o

r. 
A

lth
o

u
g

h
 

th
e
 

la
rg

e
r 

n
o

rth
e
rn

 h
ak

e m
ay 

re
p

re
se

n
t 

ag
e 

g
ro

u
p

 II, 
no 

in
te

rm
e
d

ia
te

 ag
e 

g
r?u

p
 w

as 
reco

g
n

ized
 

in
 

le
n

g
th

-fre
q

u
e
n

c
y

· 

a
n

a
ly

se
s •. 

LEN
G

TH
-FR

EQ
U

EN
C

Y
 A

N
A

LY
SIS 

T
he 

le
n

g
th

-fre
q

~
e
n

c
y

 d
istrib

u
tio

n
s 

o
f h

ak
e 

in
 

th
e 

Y
ork R

iv
er 

e
stu

a
ry

 

(F
ig

. 
4

) 
su

g
g

est 
th

a
t 

h
ak

e w
ere 

a
ll 

o
f 

ag
e 

g
ro

u
p

 
I. 

In
 A

p
ril, 

th
e
 m

odal 

le
n

g
th

s 
o

f 
fish

 e
n

te
rin

g
 th

e
 
e
stu

a
ry

 
ran

g
ed

 
from

 
100 

to
 

135 m
m

. 
·T

he m
odal 

le
n

g
th

s 
o

f 
h

ak
e 

in
 Ju

n
e 

ran
g

ed
 

from
 

185 
to

 
200 

nun. 
E

stim
ates 

o
f 

g
ro

w
th

 

d
u

rin
g

 
re

sid
e
n

c
y

 a
re

 
co

n
fu

sed
 

by 
re

c
ru

itm
e
n

t 
o

f 
sm

a
lle

r 
fish

 d
u

rin
g

 A
p

ril 

and H
ay. 

G
row

th 
in

crem
en

ts w
ere 

c
a
lc

u
la

te
d

 
from

 
th

e
 m

ean 
le

n
g

th
s 

o
f 

fish
 

in
 m

o
n

th
ly

 c
a
tc

h
e
s. 

T
he 

g
re

a
te

st 
in

c
re

a
se

 
in

 m
ean 

le
n

g
th

 w
as 

76 
mm 

d
u

rin
g

 
th

e
 A

p
ril-Ju

n
e
 
re

sid
e
n

c
y

 
in

 1
9

6
8

. 
T

h
e
.sm

a
lle

st 
in

c
re

a
se

 w
as 

62 

mm 
d

u
rin

g
 N

arch
-Ju

n
e, 

1966. 

S
easo

n
al 

le
n

ith
-fre

q
u

e
n

c
y

 d
istrib

u
tio

n
s 

o
f 

fish
 

from
 

tb
e C

h
esap

eak
e 

B
ig

h
t 

a
re

 p
re

se
n

te
d

 
in

 F
ig

u
re

 
1

5
. 

D
u

rin
g

 
th

e w
in

te
r 

(Jan
u

ary
 

th
ro

u
g

~
 

N
arch

) 
1966., 

th
e
 
firs

t 
m

ode 
o

f 
h

ak
e 

cau
g

h
t 

so
u

th
 

o
f 

3
7

° N
 w

as 
a
t 

95 
nun. 

T
h

is ~
?d

e 
re

p
re

se
n

ts 
la

rg
e
r 

in
d

iv
id

u
a
ls 

o
f 

ag
e 

g
ro

u
p

 
I, 

w
h

ich
 w

as 
n

o
t 

·4.-... 

co
m

p
letely

 a
v

a
ila

b
le

 
to

 
th

e 
sam

p
lin

g
 

g
e
a
r. 

T
he 

fo
llo

w
in

g
 

seaso
n

 
(H

ay
), 
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th
e
 
firs

t 
m

ode 
w

as 
a
t 

105 m
m

; 
in

 A
u

g
u

st 
and 

S
ep

tem
b

er, 
th

e
re

 w
as 

a 
w

e
ll 

d
e
fin

e
d

 
firs

t 
m

ode 
a
t 

170 
n

w
. 

B
y N

ovem
ber 

th
is m

ode, 
re

p
re

se
n

tin
g

 fish
 

ju
s
t 

o
y

er 
one 

y
ear o

ld
, 

w
as 

a
t 

205 
mm 

and 
fo

r 
th

e
 
firs

t 
tim

e a 
m

ode 

o
ccu

rred
 a

t 45 m
m

. 
T

h
is m

ode 
re

p
re

se
n

te
d

 
o

n
ly

 
th

e
 
la

rg
e
st 

in
d

iv
id

u
a
ls 

o
f 

th
e
 new

 
y

ear 
c
la

ss. 
T

he p
ro

g
re

ssiv
e
 

ch
an

g
e 

in
 m

odal 
le

n
g

th
 

su
g

g
ests 

a 
m

ean 
g

ro
w

th
 

in
crem

en
t 

o
f 

ap
p

ro
x

im
ately

 
200 

mm 
d

u
rin

g
 

th
e 

firs
t 

y
e
a
r. 

T
he 

p
e
rio

d
 
o

f m
ost 

ra
p

id
 

g
ro

w
th

 w
as 

b
etw

een
 M

ay 
and N

ovem
ber. 

T
h

ese 

I 

e
stim

a
te

s 
a
re

 
b

ased
 

on 
th

e 
assu

m
p

tio
n

 
th

a
t 

th
e
 
s
h

ift w
ith

 
tim

e 
in

 
th

e
 

firs
t 

m
ode 

in
 a 

se
rie

s 
o

f 
le

n
g

th
-fre

q
u

e
n

c
y

 d
istrib

u
tio

n
s 

from
 

a 
sin

g
le

 

p
o

p
u

la
tio

n
 o

f 
fish

 
re

p
re

se
n

ts 
a 

p
ro

g
re

ssiv
e
 

in
c
re

a
se

 
in

 m
ean 

le
n

g
th

 o
f 

th
e 

ag
e 

g
ro

u
p

. 

T
he 

firs
t 

m
ode 

in
 th

e
 

len
g

th
-f~

eq
u

en
cy

 d
istrib

u
tio

n
 

o
f h

ak
e 

cau
g

h
t 

in
 

O
cto

b
er,.1

9
6

7
 

(sim
ila

r 
to

 
th

e 
1966 m

ode) 
re

p
re

se
n

ts 
ag

e 
g

ro
u

p
 
I
, 

b
ecau

se 

n
o

 h
ak

e 
le

ss 
th

an
 

15 
cm

 
in

 
le

n
g

th
 w

ere 
cau

g
h

t 
a
t 

any 
sta

tio
n

 
in

 
th

e
 M

id

A
tla

n
tic

 
B

ig
h

t, 
C

h
esap

eak
e B

ay 
o

r Y
ork R

iv
er 

sy
stem

 
in

 O
cto

b
er. 

A
ll 

a
re

a
s 

w
ere 

sam
p

led
 w

ith
 

g
ear 

t·h
at 

had 
c
o

lle
c
te

d
 m

uch 
sm

a
lle

r 
in

d
iv

id
u

a
ls 

d
u

rin
g

 

o
th

e
r p

e
rio

d
s 

o
f 

th
e
 
y

e
a
r. 

Jh
e
 p

eak
 

in
 

le
n

g
th

-fre
q

u
e
n

c
ie

s 
a
t 

20 
cm

 

re
p

re
se

n
ts m

ean 
g

ro
w

th
 

o
f 

th
e
 

sp
o

tte
d

 
h

ak
e 

in
 
th

e
ir 

firs
t 

y
e
a
r. 

T
he 

o
th

e
r m

odes 
o

f 
th

e 
scaso

rial 
le

n
g

th
 d

istrib
u

tio
n

s 
a
re

 
n

o
t 

e
a
sily

 

in
te

rp
re

te
d

. 
T

he 
am

ount 
o

f 
o

v
erlap

 
and 

th
e d

if fc
re

.n
tia

l 
ra

te
 

o
f 

g
ro

w
th

 

b
etw

een
 sex

es m
akes 

fo
llo

w
in

g
 

them
 

th
ro

u
g

h
· su

c
c
e
ssiv

e
 

seaso
n

s 
im

p
o

ssib
le. 

G
row

th 
o

f 
p

reced
in

g
 y

ear 
c
la

sse
s 

can
 be 

e
sti~

a
te

d
 

by 
an

aly
zin

g
 

o
n

e 
la

rg
e
 

sam
p

le 
th

a
t 

a
d

e
q

u
a
te

ly
 re

p
re

se
n

ts 
th

e
 

p
o

p
u

la
tio

n
. 

T
he 

O
cto

b
er, 

1967 
· 

le
n

g
th

-fre
q

u
e
n

c
y

 d
istrib

u
tio

n
 

(F
ig

. 
1

6
,a

) 
re

p
re

se
n

ts 
8532 

h
ak

e 
c
o

lle
c
te

d
 

th
ro

u
g

h
o

u
t 

th
e
 M

id
-A

tla
n

tic
 

B
ig

h
t. 

T
he m

odes 
a
t 

ap
p

ro
x

im
ately

 
3

2
, 

35 
and 

40 
cm

 
p

ro
b

ab
ly

 re
p

re
se

n
t 

a
d

d
itio

n
a
l ag

e 
g

ro
u

p
s. 

T
he m

odes 
a
t 

24 
and 

27 
cm

 

m
ay 

be a 
p

ro
d

u
ct 

o
f sam

p
lin

g
 e

rro
r and 

o
v

erlap
 

in
 

le
n

g
th

s 
o

f 
ag

e 
g

ro
u

p
 
II 

m
ales 

and 
la

rg
e
 ag

e 
g

ro
u

p
 

I 
fem

ales. 
In

 
th

e M
arch d

istrib
u

tio
n

 
(F

ig
. 

1
6

,b
) 

35 



I· 

36 

F
ig

u
re 1

6
. 

L
en

g
th

-freq
u

en
cy

 
d

istrib
u

tio
n

s 
o

f 
sp

o
tte

d
 h

ak
e c

o
lle

c
te

d
 

betw
een C

ape C
od 

and 
C

ap~ 
H

a
tte

ra
s. 

a) 
8532 h

ak
e from

 O
cto

b
er, 

1967. 

b) 
126 h

ak
e 

from
 M

arch, 
1968. 
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th
e
 

skew
ed 

sh
ap

e 
o

f 
th

e 
firs

t 
cu

rv
e, 

w
ith

 
a 

m
ode 

a
t 

7 
cm

, 
in

d
ic

a
te

s 
th

a
t 

th
e
 

traw
l w

as 
c
a
tc

h
in

g
 o

n
ly

 
la

rg
e
r 

in
d

iv
id

u
a
ls 

o
f 

ag
e 

g
ro

u
p

 I. 

N
o

rth
 o

f 3
7

° N
, 

h
ak

e 
o

f 
ag

e 
group 

I 
w

ere 
la

rg
e
r 

a
t 

th
e
 

end 
o

f 
each

 

seaso
n

 
th

an
 

th
o

se 
in

 
th

e
 so

u
th

. 
A

t 
th

e 
end 

of· th
e 

firs
t 

y
ear 

o
f 

grow
th 

th
e
 m

ean 
le

n
g

th
 w

as 
slig

h
tly

 
le

ss 
th

an
 250 

i:nm· in
 th

e· n
o

rth
 and 

a
p

p
ro

x
i~

a
te

ly
 

200 
nun 

in
 

th
e
 so

u
th

. 
0 

H
ake 

so
u

th
 o

f 
37 

N
 w

ere 
co

n
sid

ered
 m

ore 
re

p
re

se
n

ta
tiv

e
 

o
f 

th
e
 p

o
p

u
la

tio
n

, 
b

ecau
se 

th
ey

 w
ere m

ore 
num

erous 
d

u
rin

g
 a

ll 
seaso

n
s. 

In
 

O
cto

b
er, 

84.4%
 o

f 
th

e 
sam

p
le 

from
 

th
e M

id
-A

tlan
tic B

ig
h

t w
as 

cau
g

h
t 

so
u

th
 

o
f 

3
7

° N
. 

In
 M

arch, 
1

9
6

8
, 

79.4%
 

o
f 

th
e 

to
ta

l 
c
a
tc

h
 and 

a
ll 

th
e h

ak
e 

le
ss 

th
an

 23 
cm

 
in

 
le

n
g

th
 w

as 
cau

g
h

t 
so

u
th

 
o

f 
3

7
° N

. 

T
h

ere w
as 

a 
d

iffe
re

n
c
e
 

b
etw

een
 

th
e 

to
ta

l 
m

nnber 
o

f 
h

ak
e 

cau
g

h
t 

in
 

fa
ll 

and 
sp

rin
g

. 
In

 O
cto

b
er, 

1
9

6
7

, 
th

e 
to

ta
l 

c
a
tc

h
 by 

th
e
 A

lb
a
tro

ss 
IV

 

in
 th

e
 H

id
-A

tla
n

tic
 

B
ig

h
t w

as 
1449 

sp
o

tte
d

 h
ak

e; 
th

e 
to

ta
l 

c
a
tc

h
 

in
 M

arch
; 

1
9

6
8

, 
w

as 
1

2
6

, 
11.5%

 o
f 

th
e 

O
cto

b
er c

a
tc

h
. 

S
u

rv
ey

s 
u

sed
 

th
e 

sam
e 

g
ear and 

m
ade 

ap
p

ro
x

im
ately

 
th

e 
sam

e 
num

ber 
o

f 
tra

w
l 

sta
tio

n
s. 

A
 se

rie
s 

o
f m

o
n

th
ly

·le
n

g
th

-fre
q

u
e
n

c
ie

s 
(N

ay-N
ovem

ber, 
1967) 

show
ed 

th
a
t 

fem
ales 

grow
 
fa

ste
r 

tha.n m
ales. 

S
im

ila
r 

re
su

lts w
ere 

g
ain

ed
 

from
 

th
e
 
sc

a
le

 b
ased

 ag
e-g

ro
w

th
 
a
n

a
ly

sis. 
T

he 
d

iv
erg

en
ce 

o
f 

th
e m

odal 
le

n
g

th
s 

o
f fem

ales 
and 

o
f m

ales 
o

ccu
rred

 a
t 

a 
le

n
g

th
 o

f ab
o

u
t 

180 nun 
in

 Ju
n

e. 
In

 

S
ep

tem
b

er 
(ap

p
ro

x
im

ately
 

one 
y

ear 
a
fte

r 
th

e y
ear 

c
la

ss w
as 

sp.aw
ned), 

th
e
re

 

w
as 

a 
50 nun 

se
p

a
ra

tio
n

 b
etw

een
 

th
e m

odal 
le

n
g

th
s 

o
f m

ales 
and 

fem
ales 

c
o

lle
c
te

d
 
in

 
th

e 
n

o
rth

 and 
25 

mm 
b

etw
een

 
th

o
se 

from
 
th

e
 

so
u

th
. 

A
lth

o
u

g
h

 

sam
p

les 
from

 A
u

g
u

st 
and 

N
ovem

ber 
co

n
tain

ed
 

la
rg

e
 

fem
al_es 

o
f 

o
th

e
r 

ag
e . 

g
ro

u
p

s, 
th

e 
firs

t 
p

eak
s 

in
 

th
e
ir 

le
n

g
th

 d
istrib

u
tio

n
s 

c
le

a
rly

 show
 

th
e
 

d
iffe

re
n

c
e
s 

betw
een m

odal 
le

n
g

th
s 

o
f m

ales 
?nd fem

ales 
o

f 
ag

e 
g

ro
u

p
 
I. 

LEN
G

TH
-W

EIG
H

T R
ELA

TIO
N

SH
IP 

L
en

g
th

-w
eig

h
t 

re
 la.t io

n
sh

 ip
s 

a
re

 
b

ased
 

on 
683 

m
ale, 

910 
fem

ale 
and 

133 

sp
o

tte
d

 h
ak

e 
o

f 
u

n
d

eterm
in

ed
 

sex
 cau

g
h

t 
in

 th
e
 }

lid
-A

tla
n

tic
 B

ig
h

t 
and 

Y
ork 

37 



~
 I 

R
iv

e
r e

stu
a
ry

 
b

etw
een

 M
ay, 

1
9

6
7

, 
and 

F
eb

ru
ary

, 
1

9
6

8
. 

M
easu

rem
en

ts w
ere 

m
ade 

to
 

th
e
 
n

e
a
re

st 
nun 

and 
g

. 
T

he 
len

g
th

-~
·1

eig
h

t 
re

la
tio

n
sh

ip
s w

ere 

c
a
lc

u
la

te
d

 by 
an

 
Im

·I 
1130 

co
m

p
u

ter 
u

sin
g

 
th

e
 

le
a
s
t 

sq
u

ares m
eth

o
d

, 
w

h
ere 

b
o

th
 v

a
ria

b
le

s w
ere 

co
n

v
erted

 
to

 com
m

on 
lo

g
a
rith

m
s. 

D
ata 

from
 m

ales 
and 

fem
ales 

w
ere 

an
aly

zed
 
se

p
a
ra

te
ly

 
b

ecau
se 

o
f 

th
e
 

la
rg

e
 d

iffe
re

n
c
e
 

in
 m

axim
um

 
le

n
g

th
s. 

T
h

ere w
as 

no d
iffe

re
n

c
e
 b

etw
een

 

m
o

d
al 

le
n

g
th

s 
o

f m
ales 

and 
fem

ales 
sm

a
lle

r 
th

an
 

180 mm 
(p

.3
7

). 
T

he 
fish

 

o
f 

u
n

d
eterm

in
ed

 
sex

 ran
g

ed
 

in
 

le
n

g
th

 fro
m

 
60 

to
 

145 nun, 
so

 
th

e
se

 
le

n
g

th
s 

w
ere ad

d
ed

 
to

 
th

e
 
d

a
ta

 
o

f 
b

o
th

 m
ales 

an
d

 
fem

ales 
b

e
fo

re
 a

n
a
ly

sis. 
T

he 

le
n

g
th

-w
e
ig

h
t 

re
la

tio
n

sh
ip

s w
ere 

ex
p

ressed
 by 

th
e
 
e
q

u
a
tio

n
s: 

m
ales: · 

lo
g

 W
 =

 
-5

.2
2

5
 +

 lo
g

 L
 3

.0
6

6
 

fem
ales: 

lo
g

 W
 =

 -5
.2

0
8

 +
 
lo

g
 L

 3
.0

6
3

, 

w
h

ere W
is

 
th

e
 w

eig
h

t 
in

 gram
s 

and 
L

is
 

th
e 

to
ta

l 
le

n
g

th
 in

 m
illim

e
te

rs. 

A
lth

o
u

g
h

 
th

e
re

 w
as 

a 
sig

n
ific

a
n

t 
d

iffe
re

n
c
e
 
a
t 

th
e
 

5%
 

le
v

e
l 

b
etw

een
 th

e
 

tw
o 

re
g

re
ssio

n
s, 

th
e
 

g
rap

h
s 

ap
p

ear 
to

 c
o

in
c
id

e
 

(F
ig

. 
1

7
). 

GROW
TH EQ

U
A

TIO
N

S 

E
q

u
atio

n
s w

h
ich

 d
e
sc

rib
e
d

 
g

ro
w

th
 w

ere 
o

b
ta

in
e
d

 w
ith

 an
 an

alo
g

 co
m

p
u

ter. 

A
 g

rm
~

th
 

cu
rv

e w
as 

g
rap

h
ica-lly

 
fitte

d
 

to
 

ag
es 

an
d

 
av

erag
e 

le
n

g
th

s 
th

a
t h

ad
 

b
een

 d
eterm

in
ed

 
from

 
sc

a
le

s 
(R

ic
k

e
r, 

1
9

5
8

). 
M

axim
um

 
le

n
g

th
s w

ere 
e
stim

a
te

d
 

fro
m

 
th

e
 
lite

ra
tu

re
 

(B
ig

elo
w

 an
d

 W
elsh

, 
1

9
is; 

H
ild

eb
ran

d
 

and 
S

ch
ro

ed
er, 

1
9

2
8

). T
he 

g
ro

w
th

 
cu

rv
es 

(F
ig

. 
1

8
) 

w
h

ich
 

b
e
st 

fitte
d

 
a
v

a
ila

b
le

 
le

n
g

th
 d

a
ta

 

w
ere 

re
p

re
se

n
te

d
 

by 
th

e 
e
q

u
a
tio

n
s: 

m
ales: 

L
t 

=
 

300 
(1

 

fem
ales: 

L
t=

 407 
(1 

-
e
~

0
.7

2
t), 

w
h

ere L
is

 
to

ta
l 

le
n

g
th

 
in

 m
illim

e
te

rs 
and 

t
i
s
 

tim
e 

in
 y

e
a
rs. 

T
he 

e
q

u
a
tio

n
s w

h
ich

 
b

e
st 

re
p

re
se

n
te

d
 

g
ro

w
th

 
in

 w
eig

h
t w

ere: 

3
8
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F
ig

u
re

 1
7

. 
T

he 
re

la
ti6

n
sh

ip
 

b
etw

een
 
le

n
g

th
 and w

eig
h

t 
o

f m
ale 

and 
fem

ale 
sp

o
tte

d
 h

ak
e 

from
 

th
e C

hesapeake B
ig

h
t. 
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.• 



5
0

0
 

L
A

R
G

E
S

T
 

F
E

M
A

L
E

 

4
0

0
 

........ 
tn

 

-
3

0
0

 -
J
-

:r: 
{

!) 

w
 

s 
2

0
0

 
L

A
R

G
E

S
T

 
M

A
LE 

100 

O
-t----...---------..-.---

0 
I 0

0
 

2
0

0
 

. 3
0

0
 

4
0

0
 

T
O

T
A

L
 

L
E

N
G

T
H

 
(m

m
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F
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G
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. 5
0

0
 

4
0

0
 

F
E

M
A

L
E

S
 

L
t=

 4
0

7
 ( I -

e
-0

.7
2

t) 

-E
 

E
 
~
 

J
: 

3
0

0
-

I-(!) 

z w
 

_
J

 
M

A
L

E
S

 

-' 
2

0
0

 
L

t=
 3

0
0

 ( 1
-e-0

.9
6

1
). 

~ 
0 I-

100 

o
A

o
-
-
:
-
-
,
-
-
-
r
-
-
-
-
,
-
-
-

2 
3 

4 
I 

Y
EA

RS 
5 



-
~

.
 

m
ales: 

W
t=

 229 
(1 

-
e- 0

• 96
~) 

fem
ales: 

~
t 

=
 

526 
{

l -·e
-

0
• 73

~
)~

 

w
here W

is w
eig

h
t 

in
 gram

s 
and 

t
i
s
 

tim
e 

in· y
e
a
rs. 
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PHASE 
7 

SUM
M

ER D
ISTR

IB
U

TIO
N

 
OF FISH

ES 

B
y 

JA
CK

SO
N

 D
A

V
IS 

and 

EDW
IN B

. 
JO

SEPH
 

V
IR

G
IN

IA
 ·IN

STITU
TE OF M

ARINE SC
IEN

C
E 

GLOUCESTER PO
IN

T, 
V

IR
G

IN
IA

 



/ 

..:. 

PHASE 
7 

SUM
M

ER D
ISTR

IB
U

TIO
N

 OF 
FISH

ES 

D
uring th

e p
erio

d
 from

 A
ugust 18 th

ro
u

g
h

 S
eptem

ber 1
5

, 1
9

6
6

, 

w
e 

sam
pled 98 

sta
tio

n
s on th

e c
o

n
tin

e
n

ta
l sh

e
lf o

f 
th

e C
hesapeake 

B
ig

h
t 

(C
ape H

atteras to
 C

ape M
ay). 

A
t each sta

tio
n

 a 
4

5
-fo

o
t traw

l 

w
as 

tow
ed fo

r 
30 m

in
u

tes and 
tem

pe.rature and 
sa

l!n
ity

 o
f th

e bottom
 

w
aters w

as 
m

easured. 
A

 m
ore d

e
ta

ile
d

 d
e
sc

rip
tio

n
 o

f g
ear and p

ro
ced

u
re 

w
as 

g
iv

en
 in

 th
e p

ro
g

ress re
p

o
rt fo

r w
in

ter, 
1

9
6

6
. 

D
epths 

sam
pled 

ran
g

ed
 from

 
5 to

 100 fath
o

m
s. 

T
he 

num
ber o

f 
sta

tio
n

s in
 each 10 

fathom
 in

te
rv

a
l is

 show
n in

 T
ab

le 1
. 

T
ab

le 1 a
lso

 in
d

ic
a
te

s th
a
t th

e
 

m
ost p

ro
d

u
ctiv

e 
zone w

as 
in

sh
o

re o
f th

e
 25 

fathom
 co

n
to

u
r. 

S
p

ecies cau
g

h
t num

bered 
75 

o
f w

hich 
51 o

ccu
rred

 a
t few

er th
an

 

10 sta
tio

n
s. · 

'!he le.ss ab
u

n
d

an
t sp

ecies a
re

 liste
d

 in
 T

ab
le 

2 and 

w
ill n

o
t be d

iscu
ssed

 in
 th

is re
p

o
rt. 

F
o

r th
e rem

ain
in

g
 24 

sp
ecies 

d
istrib

u
tio

n
 w

ith
 

reg
ard

 to
 d

ep
th

 and la
titu

d
e
 is

 
sum

m
arized. 

B
ecau

se· 

o
f d

iffic
u

ltie
s w

ith
 g

ear d
u

rin
g

 p
a
rt o

f th
e c

ru
ise

, 
som

e 
tem

p
eratu

re 

m
easurem

ents w
ere in

a
c
c
u

ra
te

. 
T

h
erefo

re, 
d

istrib
u

tio
n

 w
ith

 reg
ard

 to
 

tem
p

eratu
re is

 n
o

t surrunarized 
in

 th
is 

re
p

o
rt. 

T
he 

seq
u

en
ce.in

 w
hich 

th
e sp

ecies a
re

 d
iscu

ssed
 below

 is
 n

o
t 

in
ten

d
ed

 to
 'in

d
ic

a
te

 com
m

ercial p
o

te
n

tia
l ex

cep
t th

a
t im

p
o

rtan
t fo

o
d



fish
 a

re
 liste

d
 la

s
t. 

NORTHERN 
SEA

RO
BIN

 

A
s 

w
as 

th
e case in

 sp
rin

g
, 

th
e n

o
rth

ern
 searo

b
in

 
(P

rio
n

o
tu

s 

c
a
ro

lin
u

s) w
as 

th
e m

ost ab
u

n
d

an
t fish

. 
T

he 
to

ta
l catch

 in
 th

e 
39 

tow
s 

co
n

tain
in

g
 th

is 
sp

ecies w
as 

1
3

,0
0

0
 a

d
u

lts w
eig

h
in

g
 3600 

pounds. 
'Ille 

la
rg

e
st catch

 w
as 

375 
pounds. 

In
 2 o

th
e
r tow

s 
th

e
 catch

 w
as 

300 

;, 



J 

D
epth 

5
-1

4
 

1
5

-2
4

 

2
5

-3
4

 

3
5

-4
4

 

4
5

-5
4

 

5
5

-6
4

 

6
5

-7
4

 

7
5

-8
4

 

8
5

-9
4

 

TABLE 1 

AVERAGE 
CATCH 

(IN
 PO

U
N

D
S) 

OF 
TRASH FISH

 
PER HOUR OF 

TOW
, 

IN
 

EACH LA
TITU

D
E AND DEPTH RA

N
G

E, 
SUM

M
ER 1966 

35 ° 
36 ° 

37° 
38 ° 

,39° 
N

o. 

102 
1

9
9

 
268 

379 
98 

sos 
1

7
 

110 
39 

8 
1

3
 

9 
24 

9 
24 

8 

84 
23 

1 
1

1
 

.26 
7 

0 

26 

42 

1 

95-105 
76 

so 
..I 

PHASE 
7 

S
ta

. 

37 

26 8 6 8 4 3 2 2 2 



.PHASE . 7 · 
TABLE 

2 

SPEC
IES 

OCCURRING 
IN

 FEW
ER THAN 10%

 OF 
THE 

SA
M

PLES; 
SUM

M
ER 1966 

~
---··· 
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t.iffttte

'A
"
~

O
H

N
-D

O
R

"
't 

Z
E

N
O

P
s·1

-s--o
cE

1
:r-A

T
A

 
-A

.R
M

Q
R

E
--D

-..,c
;.E

A
R

0
.8

.l..J
-------P

.E
R

-1
-S

 T-E
D

-I O
N

--"'-11.N
.l..A

-'W
M

._ _
_

_
_

_
_

_
_

_
 _ 

A
Ii M

H
IC

 
A

N
G

Ei 
S

H
A

R
K
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A
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M

E
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M
A

C
K
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 __ S_C
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U

S
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_
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_
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_
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O
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N
E IS
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M

.E R
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E
 TA

P
 I.1'1fi_I.....,.._ _

_
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_
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_
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_
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_
_

_
 _ 

B
A

Y
 

A
N

C
H

Q
V

Y
 

A
N

C
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A
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H
JJ_LJ _
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~LG

JiE
A
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R
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B
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A
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H
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PHASE 
7 

pounds o
r m

ore. 
In

 18 tow
s 

th
e catch

 exceeded 100 ~
ounds. 

T
h

is 

~
 

sp
ecies w

as 
cau

g
h

t in
 w

ater o
f 

20 
fathom

s 
o

r le
ss n

o
rth

 o
f 

36° SO
' 

N
. 

Ju
v

en
iles w

ere 
cau

g
h

t in
 o

n
ly

 6 to
w

s, 
a
ll so

u
th

 o
f 

37° 
3

0
' N

. 

STR
IPED

 
SEA

RO
BIN

 

F
ar le

ss ab
u

n
d

an
t th

an
 th

e n
o

rth
ern

 searo
b

in
 w

as 
th

e strip
e
d

 

searo
b

in
 

(P
rio

n
o

tu
s 

ev
o

lan
s). 

O
nly 214 a

d
u

lts w
ere cau

g
h

t and th
e 

sp
ecies o

ccu
rred

 in
 b

u
t 

2
6

 sam
ples from

 a 
d

ep
th

 ran
g

e o
f 

5 
to

 
1

5
 

fathom
s 

and a 
la

titu
d

in
a
l ran

g
e o

f from
 

35° 
4

5
' 

to
 

38° 
4

3
' 

N
. 

T
he 

la
rg

e
st catch

 w
as 

114 fish
 w

eig
h

in
g

 
40 

pounds. 
O

ne 
a
d

d
itio

n
a
l catch

 

exceeded 10 
pounds. 

SPO
TTED

 HAKE 

O
ccu

rrin
g

 in
 75%

 o
f 

th
e sam

p
les, 

th
e sp

o
tted

 hake 
(U

rophycis 

re
g

iu
s) w

as 
th

e m
ost fre

q
u

e
n

tly
 cau

g
h

t sp
ecies. 

I
t o

ccu
rred

 in
 d

ep
th

s 

o
f from

 
7 to

 1
0

0
 fathom

s 
and a

t a
ll la

titu
d

e
s. 

F
our catch

es w
ere 

ab
o

u
t 

40 
pounds; 

1
4

 o
th

e
rs ·w

ere betw
een 10 and 

25 
pounds. 

Y
oung w

ere· 

cau
g

h
t a

t o
n

ly
 

3 
sta

tio
n

s. 

SILV
ER

 HAKE S
ilv

e
r hake o

r w
h

itin
g

 
(M

erlu
cciu

s 
b

ilin
e
a
ris) o

ccu
rred

 in
 

slig
h

tly
 m

ore th
an

 h
a
lf o

f th
e 

sam
ples 

(5
3

). 
A

lthough young w
ere tak

en
 

o
n

ly
 in

 d
ep

th
s o

f 
20 

to
 

6
0

 fath
o

m
s, ·ad

u
lts w

ere g
e
n

e
ra

lly
 d

·istrib
u

ted
 

th
ro

u
g

h
 a

ll d
ep

th
s. 

T
he 

la
rg

e
st catch

 o
f 

50 pounds w
as in

 1
0

 fath
o

m
s; 

th
e n

ex
t la

rg
e
st catch

 o
f 

35 pounds w
as 

in
 1

0
0

 fath
o

m
s. 

A
t 

6 
sta

tio
n

s 

th
e catch

 exceeded 1
0

 pounds. 
T

h
is 

sp
ecies o

ccu
rred

 th
ro

u
g

h
o

u
t th

e 

area b
u

t w
as 

m
ost ab

u
n

d
an

t n
o

rth
 o

f 
37° 

3
0

' 
N

. 

SQ
U

IR
R

EL HAKE 

A
lso know

n as red
 h

ak
e, 

th
e sq

u
ir.rel h

ak
e 

(U
rophycis 

ch
u

ss) 

w
as 

cau
g

h
t in

 29 
tow

s 
in

 a 
d

ep
th

 ran
g

e o
f 10 

to
 

75 
fathom

s from
 



' 

r-n
t1

i)L
 . 

/ 

36° N
 to

 39° N
. 

Y
oung w

ere tak
en

 in
 4 sam

ples in
 th

e d
ep

th
 ran

g
e o

f 

20 
to

 ·26 
fath

o
m

s. 
A

d
u

lts w
ere m

ost ab
u

n
d

an
t n

o
rth

 o
f 

3
l

0 
S

O
'. 

T
he 

la
rg

e
st catch

 w
as 

50 
fish

 w
eighing 1

4
 pounds; 

5 catch
es w

ere o
f 

5 

pounds 
o

r m
ore. 

W
IN

TER FLOUNDER 

A
t 18 sta

tio
n

s from
 12 to

 42 
fathom

s 
w

in
ter flo

u
n

d
er o

r b
lack



back (P
seu

d
o

p
leu

ro
n

ectes am
erican

u
s) w

ere cau
g

h
t. 

T
h

is sp
ecies o

ccu
rred

 

o
n

ly
 n

o
rth

 o
f 

37° N
 and w

as 
n

o
t ab

u
n

d
an

t. 
T

he 
la

rg
e
st catch

 w
as 

30 

a
d

u
lts w

eighing 
20 pounds. 

O
ther catch

es w
ere o

f 
5 pounds 

o
r le

ss. 

Y
oung w

ere n
o

t cau
g

h
t. 

NORTHERN PU
FFER 

T
he n

o
rth

ern
 p

u
ffer o

r sw
ellfish

 
(S

p
h

aero
id

es m
acu

latu
s) 

o
ccu

rred
 in

 2
4

 sam
ples from

 d
ep

th
s o

f 
5 to

 1
3

 fath
o

m
s. 

Y
oung o

ccu
rred

 

o
n

ly
 so

u
th

 o
f 

37° 3
0

' 
N

, 
b

u
t a

d
u

lts w
ere d

istrib
u

te
d

 from
 th

e n
o

rth
ern

 

lim
it o

f th
e area to

 th
e so

u
th

ern
 m

ost sta
tio

n
. 

T
he 

la
rg

e
st catch

 w
as 

33 
pounds. 

T
en 

catch
es w

ere o
f 

5 pounds o
r m

ore. 

W
INDOW

PANE FLOUNDER 

T
he 

w
indow

pane o
r d

ay
lig

h
t flo

u
n

d
er 

(S
cophthalm

us aq
u

o
su

s) 

o
ccu

rred
 in

' 23 
sam

ples from
 a 

d
ep

th
 ran

g
e o

f 
5 to

 20 
fathom

s 
th

ro
u

g
h

o
u

t 

th
e n

o
rth

-so
u

th
 ex

ten
t o

f th
e a

re
a
,.b

u
t w

as· n
o

t ab
u

n
d

an
t. 

·T
he la

rg
e
st 

catch
 w

as 
6 a

d
u

lts w
eighing 3 pounds. 

ROUND H
ERRIN

G
 

A
t 12 sta

tio
n

s sp
an

n
in

g
 a 

d
ep

th
 ran

g
e o

f 
5 to

 40 
fathom

s 
round 

h
e
rrin

g
 (E

trum
eus 

sad
in

a) w
ere 

caught'. 
B

ecause th
is sp

ecies is
 p

e
la

g
ic

, 

o
u

r catch
es on th

e bottom
 are u

n
lik

e
ly

 to
 g

iv
e an

 accu
rate in

d
ic

a
tio

n
 ----
-··--

.. ··-· -
-

-
;·-

-
-
~

 



PHASE. . 7 

o
f its

 d
istrib

u
tio

n
 and abundance. 

R
ound h

e
rrin

g
 w

ere cau
g

h
t th

ro
u

g
h

o
u

t 

th
e n

o
rth

-so
u

th
 e

x
te

n
t o

f th
e su

rv
ey

 a
re

a
. 

N
orth o

f 
3

7
° N

 th
e fish

 

w
ere ab

o
u

t 6 in
ch

es lo
n

g
. 

S
outh o

f th
a
t p

a
ra

lle
l m

ost o
f th

e round 

h
e
rrin

g
 w

ere ab
o

u
t 4 in

ch
es lo

n
g

. 
N

ear 
3

6
° 

2
0

' 
N

, 
7

5
° 

O
O

' 
W

 th
e 

echo so
u

n
d

er in
d

ic
a
te

d
 a 

sch
o

o
l o

f m
idw

ater fish
,p

ro
b

a
b

ly
 E

trum
eus, 

th
a
t w

as 
a
t le

a
st 12 m

iles acro
ss • 

. STR
IPED

 ANCHOVY 

T
he 

la
titu

d
in

a
l d

istrib
u

tio
n

 o
f th

e strip
e
d

 anchovy 
(A

nchoa 

h
ep

setu
s) w

as 
so

u
th

 o
f 

3
7

° 
3

0
' 

N
 and 

it w
as 

cau
g

h
t o

n
ly

 in
 sh

allo
w

 

w
ater 

(S 
to

 1
1

 fath
o

m
s). 

T
he 

la
rg

e
st o

f 
th

e 1
2

 catch
es co

n
tain

in
g

. th
is 

sp
ecies w

as 
1

4
 pounds. 

SPIN
Y

 D
O

G
FISH

 

A
lthough th

e
 sp

in
y

 d
o

g
fish

 S
qualus acan

th
ias 

is
 

v
ery

 ab
u

n
d

an
t 

4 

in
 w

in
te

r, 
in

 sum
m

er o
n

ly
 74 ju

v
en

iles and one a
d

u
lt w

ere cau
g

h
t. 

Ju
v

en
iles w

ere m
ost ab

u
n

d
an

t in
 w

ater sh
o

aler th
an

 
20 

fath
o

m
s, 

b
u

t one 

w
as 

cau
g

h
t a

t 100 fath
o

m
s. 

T
he 

1
0

 sta
tio

n
s a

t w
hich sp

in
y

 d
o

g
fish

 w
ere 

cau
g

h
t w

ere n
o

rth
 o

f ·36° N
. 

T
he 

la
rg

e
st catch

 w
as 

48 
ju

v
e
n

ile
s w

eighing 

21 pounds. 

CLEA
RN

O
SE 

SK
A

TE 

T
he 

clearn
o

se sk
ate 

(R
aja e

g
la

n
te

ria
) w

as 
cau

g
h

t a
t 

2
4

 

sta
tio

n
s 

sp
an

n
in

g
 a 

d
ep

th
 ran

g
e o

f 
5 to

 
22 

fathom
s 

and 
a 

la
titu

d
in

a
l 

ran
g

e o
f 

th
e e

n
tire

 su
rv

ey
 area. 

T
he 

la
rg

e
st catch

 w
as 

28 
in

d
iv

id
u

als 

w
eig

h
in

g
 

56 
pounds. 

E
ig

h
t catch

es exceeded 10 pounds. 
Ju

v
en

iles w
ere 

cau
g

h
t in~ 4 to

w
s. 

~
~
 

LITTLE 
SK

A
 TE

 

O
ccu

rrin
g

 a
t.o

n
ly

 11 sta
tio

n
s, 

th
e little

 sk
ate 

(R
aja 

erin
acea) w

as 
le

ss ab
u

n
d

an
t th

an
 th

e clearn
o

se. 
L

a
titu

d
in

a
l d

istrib
u

tio
n

 



., 
PKASE 

7 

o
f th

e little
 sk

ate w
as 

n
o

rth
 from

 
36° 

3
0

' 
N

 and 
th

e d
ep

th
 ran

g
e w

as 

-
~

 
12 to

 60 
fath

o
m

s. 
·T

he 
la

rg
e
st catch

 w
as 

3 ~
d

u
lts w

eighing 4 pounds. 

~
\ 

B
oth a

d
u

lts and ju
v

e
n

ile
s w

ere cau
g

~
t. 

SM
ALLM

OUTH FLO
U

N
D

ER 

'!he 
sm

allm
outh flo

u
n

d
er 

(E
tro

p
u

s m
icrostom

us) o
ccu

rred
 a

t 1
4

 

sta
tio

n
s 

in
sid

e
 th

e 
20 

fathom
 cu

rv
e and n

o
rth

 o
f 

36 ° N
. 

T
he 

la
rg

e
st 

catch
 w

as 
10 a

d
u

lts w
eig

h
in

g
 le

ss 
th

an
 0

.5
 pound. 

G
U

LFSTREA
M

 FLO
U

N
D

ER 

T
he 

G
u

lfstream
 flo

u
n

d
er 

(C
ith

arich
th

y
s a

rc
tifro

n
s), 

lik
e
 

th
e sm

allm
outh is

 to
o

 sm
all to

 be o
f com

m
ercial sig

n
ific

a
n

c
e
. 

I
t· 

o
ccu

rred
 in

 38 
sam

ples from
 19 to

 lQ
Q

.fathom
s and from

 th
e so

u
th

ern
 

to
 n

o
rth

ern
 e

x
te

n
t o

f th
e a

re
a
. 

T
he 

la
rg

e
st catch

·w
as 

25 
a
d

u
lts w

eig
h

in
g

 

le
ss th

an
 Q

.5 
pound. 

FO
U

RSPO
T FLO

U
N

D
ER 

T
w

en
ty

-th
ree sam

ples n
o

rth
 o

f 
36° N

 and 
sp

an
n

in
g

 a 
d

ep
th

 

ran
g

e o
f 1

4
 to

 
75 

fathom
s 

co
n

tain
ed

 th
e fo

u
rsp

o
t flo

u
n

d
er 

(P
aralich

th
y

s 

o
b

lo
n

g
u

s). 
Y

oung w
ere cau

g
h

t a
t 3 s.tatio

n
s sh

o
aler th

an
 25 

fath
o

m
s. 

T
he 

la
rg

e
st catch

 w
as 

10 a
d

u
lts w

eig
h

in
g

 3 pounds. 

G
O

O
SEFISH

 

T
he 

g
o

o
sefish

, 
o

r an
g

ler 
(L

ophius am
erican

u
s) w

as 
rep

resen
ted

 

p
rim

a
rily

 by ju
v

e
n

ile
s. 

A
d

u
lts w

ere 
cau

g
h

t a
t o

n
ly

 2 sta
tio

n
s w

hereas 

young o
ccu

rred
 a

t 22. 
T

h
is sp

ecies o
ccu

rred
 th

ro
u

g
h

 th
e e

n
tire

 

la
titu

d
in

a
l ran

g
e and 

th
ro

u
g

h
 a 

d
ep

th
 ran

g
e o

f 1
4

 to
 85 

fath
o

m
s. 

! 

SNAKE 
EEL 

B
ecause o

f its
 sm

all siz
e
 the_ 

snake e
e
l 

( O
m

ochelys 
c
ru

e
n

tife
r) 



PHASE 
7 

h
as 

in
sig

n
ific

a
n

t com
m

ercial p
o

te
n

tia
l. 

I
t o

ccu
rred

 in
 15 

sam
ples 

sp
an

n
in

g
 th

e
 e

n
tire

 la
titu

d
in

a
l ran

g
e and a 

d
ep

th
 ran

g
e o

f 
22· to

 100 

fath
o

m
s. 

SCU
P 

T
he 

scu
p

 o
r p

o
rg

y
 (S

tenotom
us 

ch
ry

so
p

s) o
ccu

rred
 in

 23 

sam
p

les from
 th

e
 16 fathom

 cu
rv

e sh
o

rew
ard

 and th
ro

u
g

h
o

u
t th

e n
o

rth


so
u

th
 e

x
te

n
t o

f 
th

e
 a

re
a
. 

T
he 

catch
 w

as 
p

red
o

m
in

an
tly

 ju
v

e
n

ile
s. 

BLA
CK

 SEA
BA

SS 

B
lack

 seab
ass 

(C
en

tro
p

ristes 
s
tria

tu
s
) w

as 
cau

g
h

t in
 23 

tow
s 

in
sid

e
 o

f 
th

e
 20 

fathom
 co

n
to

u
r and from

 th
e
 n

o
rth

ern
 to

 th
e
 

so
u

th
ern

 lim
it o

f 
th

e
 a

re
a
. 

B
oth you~g and a

d
u

lts w
ere 

cau
g

h
t. 

T
he 

la
rg

e
st c

a
t~

 w
as 

5 pounds. 

SU
M

M
ER

 FLO
U

N
D

E
R

 

A
t 18 sta

tio
n

s th
e
 surruner flo

u
n

d
er o

r flu
k

e 
(P

aralich
th

y
s 

d
e
n

ta
tu

s) w
as 

cau
g

h
t. 

T
he la

rg
e
st catch

 o
f 1

1
 fish

 w
eig

h
in

g
 16 pounds 

M
as 

m
ade 

in
 B

lack
.fish

 S
lo

u
g

h
. 

Y
oung w

ere n
o

t cau
g

h
t. 

Sum
m

er 
flo

u
n

d
er 

o
ccu

rred
 th

ro
u

g
h

o
u

t th
e
 area in

 w
ater sh

o
aler th

an
 16 fath

o
m

s. 

B
U

TTER
FISH

 L
arg

e num
bers 

o
f 

ju
v

e
n

ile
 b

u
tte

rfish
 

(P
o

ro
n

o
tu

s 
tria

c
a
n

th
u

s) 

w
ere cau

g
h

t in
sid

e
 th

e
 20 

fath
o

m
 cu

rv
e. 

A
d

u
lts o

ccu
rred

 in
 w

ater as 

d
eep

 as 
70 

fath
o

m
s, 

b
u

t th
e la

rg
e
st catch

es w
ere in

 w
aters le

ss 
th

an
 

20 
fath

o
m

s d
eep

. 
T

he 
la

rg
e
st catch

 w
as 

30 
pounds 

o
f 

sm
all a

d
u

lts. 

B
u

tte
rfish

 w
ere 

cau
g

h
t a

t ~8 
sta

tio
n

s and o
ccu

rred
 from

 th
e n

o
rth

ern
 

to
 th

e
 so

u
th

ern
 lim

it o
f 

th
e
 a

re
a
. 

------------------·-·-· .. ,
.
 

.. -



·· PHASE 
7 

.. 
~
 

C
R

O
A

K
ER

 

· Ju
v

en
iles and 

sm
all a

d
u

lt cro
ak

er (M
icropogon u

n
d

u
latu

s) 

o
ccu

rred
 in

 13 $am
ples from

 w
ater o

f 16 fathom
s 

o
r le

ss so
u

th
 o

f 
38° N

. 

T
he 

la
rg

e
st catch

 w
as 

900 in
d

iv
id

u
a
ls w

eighing 150 poun~
s. 

S
P

O
T 

S
p

o
t 

(L
eiostom

us x
an

th
u

ru
s) o

ccu
rred

 on 15 sta
tio

n
s in

 w
ater 

o
f 12 fathom

s 
o

r le
ss 

so
u

th
 o

f 
38° N

. 
N

early
 a

ll fish
 

cau
g

h
t w

ere 

young o
f 

th
e y

ear. 
T

he 
la

rg
e
st catch

 w
as 

665 
pounds. 

T
hree o

th
e
r 

catch
es w

ere 
betw

een 100 and 
200 

pounds and 
8 catch

es w
ere betw

een 

10 and 100 pounds. 



~
I
 

PH
A

SE 
8 

FA
LL 

D
ISTR

IB
U

TIO
N

 O
F FISH

ES 

B
y 

·JA
CK

SO
N

 D
A

V
IS 

and 

EDW
IN B

. 
JO

SEPH
 

V
IR

G
IN

IA
 

IN
STITU

TE OF M
A

RIN
E 

SC
IEN

C
E 

G
LO

U
CESTER 

PO
IN

T, 
V

IR
G

IN
IA

 



I 
.• 

. 
'. 

. 
PRELIM

IN
A

RY
 C

R
U

ISE 
su~~VlARY 

D
ISTR

I·B
U

TIO
N

 
OF 

FISH
ES 

CAPE 
M

AY TO CAPE 
HATTERAS 

FA
LL 1966 

B
y 

JA
CK

SO
N

 D
AVIS 

and 

EDW
IN 

B
. 

JO
SEPH

 

V
IR

G
IN

IA
 

IN
STITU

TE OF 
M

ARINE 
SC

IEN
C

E 

G
LO

U
CESTE~ PO

IN
T, 

V
IR

G
H

!IA
 

FEBRUARY 20, 
1967 

AN IN
TER

IM
 REPO

RT OF 
PRO

G
RESS 

ON 
PRO

JECT 
3-5-D

 UNDER PL 
88-309 



• • 

r
.
 

F
a
ll D

istrib
u

tio
n

 o
f 

F
ish

es 

In
 fa

ll 1966 
(1

-2
7

 N
ov) 

w
e 

sam
pled 

75 
sta

tio
n

s on th
e
 

c
o

n
tin

e
n

ta
l sh

e
lf o

f 
C

hesapeake B
ig

h
t.· 

A
t each

 sta
tio

n
 a 

4
5

-fo
o

t 

tra
w

l w
as 

tow
ed fo

r 
30 m

in
u

tes 
and 

tem
p

eratu
re and 

s
a
lin

ity
 o

f 
th

e
 

b
o

tto
m

 w
ater w

ere m
easu

red
. 

A
 m

ore 
d

e
ta

ile
d

 d
e
sc

rip
tio

n
 o

f g
e
a
r and 

p
ro

ced
u

re w
as 

g
iv

en
 in

 th
e p

ro
g

ress 
re

p
o

rt fo
r w

in
te

r, 
1

9
6

6
. 

W
ork 

w
as 

co
n

d
u

cted
 from

 th
e
 

c
h

a
rte

re
d

 
tra

w
le

r SEA
 

B
R

EEZE. 
D

epths 
sam

pled 

ran
g

ed
 from

 
7 to

 100 fath
o

m
s. 

T
he 

num
ber o

f 
sta

tio
n

s 
in

 each 10 

fathom
 in

te
rv

a
l is

 
show

n 
in

 T
ab

le 1
. 

T
ab

le J 
a
lso

 in
d

ic
a
te

s 
th

a
t tra

sh
 

fish
 

w
ere 

ra
th

e
r g

e
n

e
ra

lly
 d

istrib
u

te
d

 o
u

t to
 

th
e 

50 
fath

o
m

 cu
rv

e 

n
o

rth
 o

f 
36° N

 la
t. 

O
nly one 

catch
 so

u
th

 o
f 

36° co
n

tain
ed

 a 
s
ig

n
ifi

can
t q

u
a
n

tity
 o

f 
tra

sh
, 

a 
_large 

catch
 o

f 
p

u
ffe

rs m
ade 

in
 

7 fath
o

m
s 

n
ear 

O
regon In

le
t. 

In
d

ic
a
tio

n
s o

f 
m

id
w

ater o
rg

an
ism

s 
by th

e
 

ech
o

-so
u

n
d

er w
ere 

ag
ain

 reco
rd

ed
. 

A
t no 

sta
tio

n
 w

ere h
eav

y
 in

d
ic

a
tio

n
s 

n
o

ted
. 

M
oderate 

in
d

ic
a
tio

n
s w

ere 
reco

rd
ed

 a
t 8%

, 
lig

h
t a

t 46%
, 

and 
none 

a
t 46%

. 

O
f 

th
e
 

64 
sp

ecies 
cau

g
h

t, 
36 

o
ccu

rred
 
in

 few
er 

th
an

 10%
 

o
f 

th
e 

sam
p

les. 
T

nese 
ra

re
 

sp
ecies a

re
 
liste

d
 
in

 T
ab

le 
2 and 

w
ill 

r-,ot 
be 

d
iscu

ssed
 
in

 th
is 

re
p

o
rt. 

A
 s ur~·.ma ry

 o
f 

t:he 
c
is

 t:rib
u

tio
n

 o
f 

th
e 

28 
sp

ecies 
o

ccu
rrin

g
 in

 10%
 o

r.m
o

re o
f' th

e 
sam

p
les 

is
 g

iv
en

 below
. 

N
o

rth
ern

 S
earo

b
in

 

A
s 

w
as 

th
e
 case 

in
 sp

rin
g

 and 
sum

m
er, 

th
e
 

n
o

rth
ern

 searo
b

in
 

(P
rio

n
o

tu
s 

c
a
ro

lin
u

s) w
as 

th
e m

os~ 
ab

u
n

d
an

t fish
 
in

 o
u

r sam
p

les. 
I
t 

o
ccu

rred
 a

t 33 
sta

tio
n

s, 
a
ll in

 40 
fath

o
m

s 
o

r le
s
s
. 

Y
oung 

w
ere 

cau
g

h
t 

o
n

ly
 from

 
th

e 
20 

fathom
 co

n
to

u
r in

sh
o

re
. 

A
d

u
lts w

ere 
cau

g
h

t p
rim

a
rily

 

betw
een th

e 
20 

and 
40 

fathom
 cu

rv
es. 

_T
em

~
erature 

ran
g

e w
as 

7 to
 1

6
° C

 

8 



\, 

PHASE 
8 

.. 
T

ab
le 1 

~
 

A
verage 

catch
 

(in
 p

o
u

n
d

s) o
f 

tra
sh

 fish
 

p
e
r h

o
u

r o
f to

w
, 

in
 each

 la
titu

d
e
 and 

d
ep

th
 

ran
g

e, 
fa

ll 1
9

6
6

. 

L
a
titu

d
e
 

D
epth 

35 ° 
36 ° 

37° 
38 ° 

N
o. 

S
ta

. 

5
-1

4
 

1040 
58 

1
1

1
 

176 
1-7 

1
5

-2
4

 
4 

852 
386 

277 
25 

2
5

-3
4

 
0 

480 
337 

229 
9 

3
5

-4
4

 
74 

304 
239 

86 
8 

4
5

-5
4

 
8 

2 
128 

148 
6 

5
5

-6
4

 
0 

34 
36 

4 

6
5

-7
4

 
36 

3
4

 
2 

7
5

-8
4

 
0 

98 
2 

8
5

-9
4

 

95-105 
360 

48 
2 

··--
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f
a
li 1

9
6
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-PHASE 
8 

(4
5

-6
1

°F
), 

w
ith

 
th

e la
rg

e
st catch

es in
 th

e
 

ran
g

e o
f 

11 to
 14°C

 
(5

2
-

5 7 °F
). 

T
he 

la
rg

e
st catch

 in
 a 

3_0-m
inute 

tow
 w

as . 400 
p

o
u

n
d

s. 
F

iv
e tow

s 

y
ield

ed
 100 

pounds 
o

r m
ore; 

13 h
ad

 
catch

es betw
een 10 and 100 p

o
u

n
d

s. 

In
 A

ugust and 
S

eptem
ber searo

b
in

s w
ere in

 w
ater sh

o
a
le

r th
an

 

20 
fath

o
m

s. 
A

s 
fa

ll p
ro

g
ressed

 th
e fish

 m
oved 

ste
a
d

ily
 o

ffsh
o

re
. 

In
 

O
cto

b
er traw

lerm
en

 rep
o

rted
 co

n
cen

tratio
n

s a
t 20 

to
 

25 
fath

o
m

s. 
B

y 
th

e 

end 
o

f 
N

ovem
ber w

e 
found 

sig
n

ific
a
n

t q
u

a
n

titie
s a

t 40 
fath

o
m

s. 

S
trip

e
d

 S
earo

b
in

 

S
trip

e
d

 searo
b

in
s 

(P
rio

n
o

tu
s 

ev
o

lan
s) w

ere ag
ain

 
scarce. 

T
hey w

ere 
cau

g
h

t a
t o

n
ly

 18 
sta

tio
n

s. 
T

h
eir d

ep
th

 
ran

g
e w

as 
7 to

 
40 

fath
o

m
s, 

and 
th

e
ir tem

p
eratu

re ran
g

e w
as 

10 
to

 1
6

° C
 (5

0
-6

1
°F

). 

S
ilv

e
r H

ake S
ilv

e
r h

ak
e, 

o
r w

h
itin

g
, 

(M
erlu

cciu
s 

b
ilin

e
a
ris) o

ccu
rred

 in
 

33 
sam

p
les n

o
rth

 o
f 

36° N
 la

t. 
in

 d
ep

th
s 

ran
g

in
g

 from
 

8 to
 100 fath

o
m

s. 

Y
oung 

w
ere cau

g
h

t o
n

ly
 in

 w
ater o

f 
23 

fath
o

m
s 

o
r le

ss w
ith

 a 
tem

p
eratu

re 

o
f 1

1
 to

 1
3

° C
 (5

2
-5

5
° F

). 
A

d
u

lts 
seem

ed 
to

 
show

 no 
stro

n
g

 tem
p

eratu
re 

p
re

fe
re

n
c
e
. 

T
ney w

ere 
cau

g
h

t a
t tem

p
eratu

res 
ran

g
in

g
 from

 
7 to

 1
4

° C
 

(4
5

-5
7

° F
). 

A
d

u
lts w

ere m
ost nuffierous 

n
o

rth
 o

f 
37° N

 la
t. 

and 
in

 d
ep

th
s 

o
f 

30 
fathom

s 
o

r m
ore. 

T
ne 

la
rg

e
st catch

 in
 a 

3
0

-m
in

u
te tow

 w
as 

41 

p
o

u
n

d
s. 

F
iv

e catch
es 

co
n

tain
ed

 10 
pounds 

o
r m

ore. 

S
p

o
tted

 H
ake· 

O
ccu

rrin
g

 
th

ro
u

g
h

 a
ll d

ep
th

s 
and 

la
titu

d
e
s 

sam
p

led
, 

th
e 

sp
o

tted
 

h
ak

e 
(U

ro
p

h
y

cis 
re

g
iu

s) w
as 

th
e m

ost w
id

ely
 d

istrib
u

te
d

 fis
h

 in
 C

h
esa

peake B
ig

h
t. 

A
lso

 it o
ccu

rred
 in

 m
ore 

sam
ples 

(S
O

) 
th

an
 an

y
 o

th
e
r sp

e
c
ie

s. 

T
em

p
eratu

re ran
g

e w
as 

7 to. 1
6

° C
 (4

5
-6

1
°F

). 
Y

oung 
w

ere 
cau

g
h

t in
sid

e
 o

f 

th
e 

25 
fathom

 cu
rv

e and 
so

u
th

 o
f 

38° N
 la

titu
d

e
. 

A
lthough 

sp
o

tted
 

h
ak

e w
ere 

u
b

iq
u

ito
u

s, 
th

ey
 w

ere n
o

t n
o

tab
ly

 ab
u

n
d

an
t. 

O
ur la

rg
e
st 



· PHASl: 
~ 

catch
 w

as 
100 p

o
u

n
d

s. 
O

nly 6 sta
tio

n
s 

p
ro

d
u

ced
 m

ore 
th

an
 10 pounds 

~
 

S
q

u
irre

l H
ake 

N
orth o

f 
3

6
° N

 la
t. 

th
e 

sq
u

irre
l h

ak
e, 

o
r red

 h
ak

e, 
(U

ro
p

h
y

cis 

ch
u

ss) o
ccu

rred
 in

 24 sam
ples g

e
n

e
ra

lly
 d

istrib
u

te
d

 acro
ss 

th
e sh

e
lf 

from
 

8 
to

 95 
fath

o
m

s 
and 

th
ro

u
g

h
 a 

tem
p

eratu
re 

ran
g

e o
f 

7 to
 14°C

 
(4

5
-

5
7

0
F

). 
Y

oung 
w

ere cau
g

h
t in

 
6 

to
w

s, 
a
ll in

 w
ater o

f 
30 

fath
o

m
s 

o
r le

ss. 

A
d

u
lts w

ere m
ore num

erous 
from

 
th

e 
30 

fath
o

m
 cu

rv
e 

seaw
ard

. 
T

ne la
rg

e
st 

catch
 w

as 
420 

in
d

iv
id

u
a
ls w

eig
h

in
g

 125 pounds·. 
S

ix
 catch

es w
ere in

 ex
cess 

o
f 

1
2

 pounds 

C
h

ain
 D

o
g

fish
 

A
n 

in
h

a
b

ita
n

t o
f deep w

aters, 
th

e 
ch

ain
 d

o
g

fish
 

(S
cy

lio
rh

in
u

s 

re
tife

r) 
o

ccu
rred

 a
t 

7 sta
tio

n
s, 

o
n

ly
·o

n
e o

f w
hich w

as 
sh

o
a
le

r th
an

 
48 

fath
o

m
s. 

A
 to

ta
l o

f 
9 

in
d

iv
id

u
a
ls w

eig
h

in
g

 t 
pounds w

as 
cau

g
h

t. 
T

em
pera

tu
re

s w
ere 1

1
 to

 1
6

° C
 (5

2
-6

1
°F

). 

Sm
ooth D

o
g

fish
 

T
he-sm

ooth d
o

g
fish

 
(M

u
stelu

s 
c
a
n

is) w
as 

cau
g

h
t a

t 
20 

sta
tio

n
s, 

a
ll ex

cep
t one b

ein
g

 in
 26 

fath
o

m
s 

o
r le

ss. 
T

ne 
ex

cep
tio

n
 w

as 
a
t 60 

fath
o

m
s. 

T
em

p
eratu

re ran
g

e w
as 

10 
to

 16°C
 

(S
0

-6
1

°F
). 

'Ihe 
la

rg
e
st catch

 

' 
w

as 
8 

f is:1
 

w
eig11i:r1g 

40 
p

o
u

n
d

s.· 
S

even 
cc. tc

h
e
s 

c
o

n
ta

in
e
d

 10 
?O

u:r.ds 
o

r 

m
ore. 

S
p

in
y

 D
o

g
fish

 

S
p

in
y

 d
o

g
fish

 
(S

o
u

alu
s 

a
c
a
n

th
ia

s) w
ere 

cau
g

h
t in

 42 
tow

s 
n

o
rth

 

o
f 

36° N
 la

t. 
Y

oung 
w

ere n
o

rth
 o

f 
37° N

 la
t. 

and o
u

tsid
e
 o

f 
th

e
 

25 

fath
o

m
 cu

rv
e. 

A
d

u
lts 

o
ccu

rred
 th

ro
u

g
h

 
th

e
 d

ep
th

 
ran

g
e o

f 
8 to

 
60 

fathom
s 

and 
th

ro
u

g
h

 
th

e tem
p

eratu
re 

ran
g

e o
f 

7 to
 

1
4

° C
_

(4
5

-5
7

° F
). 

T
ne 

la
rg

e
st 

catch
 w

as 
356 a

d
u

lts w
eig

h
in

g
 1800 .pounds. 

E
ig

h
t catch

es 
ex

ceed
ed

 
300 

pounds,. 
six

 w
ere 

betw
een 50 

and 
300 

p
o

u
n

d
s, 

and 13 w
ere 

betw
een 10 and 

50 
p

o
u

n
d

s. 
S

p
in

y
 d

o
g

fish
 w

ere 
cau

g
h

t in
 g

re
a
te

r q
u

a
n

tity
 th

an
 an

y
 o

th
e
r 



PHASE 
8 

sp
e
c
ie

s. 

C
learn

o
se S

k
ate 

T
he 

clearn
o

se sk
ate 

(R
aja e

a
la

n
te

ria
) w

as 
rep

resen
ted

 in
 25 

sam
p

les from
 a

ll.d
e
p

th
 and 

la
titu

d
in

a
l ran

g
es. 

T
em

p
eratu

re ran
g

e w
as 

1
1

 to
 1

6
° C

 (5
2

-6
1

°F
). 

T
he 

la
rg

e
st catch

 w
as 

1
1

 a
d

u
lts w

eig
h

in
g

 
28 

p
o

u
n

d
s. 

O
nly o

n
e o

th
e
r catch

 ex
ceed

ed
 10 p

o
u

n
d

s. 

L
ittle

 S
k

ate 

T
he 

little
 sk

a
te

 
(R

aja 
e
rin

a
c
e
a
) o

ccu
rred

 
in

 w
aters from

 
8 

to
 51 fath

o
m

s 
d

eep
 n

o
rth

 o
f 

36° 
3

0
' 

N
. 

I~
 w

as 
cau

g
h

t in
 18 to

w
s, 

and 

w
as 

n
o

t ab
u

n
d

an
t, 

th
e
.la

rg
e
st catch

 b
ein

g
 11 a

d
u

lts 
w

eig
h

in
g

 15 p
o

u
n

d
s. 

T
em

p
eratu

re 
ran

g
e w

as 
7 to

 1
5

° C
 (4

5
-~

9
°F

). 

G
o

o
sefish

 T
ne g

o
o

sefish
 

(L
o

o
h

iu
s 

am
erican

u
s) w

as 
g

e
n

e
ra

lly
 d

is~
rib

u
te

d
 

th
ro

u
g

h
o

u
t th

e d
ep

th
s 

and la
titu

d
e
s sam

p
led

. 
T

em
p

eratu
re ran

g
e w

as 
7 

to
 1

4
° C

 (4
5

-5
7

°F
). 

A
lthough 

th
ey

 w
ere n

o
t cau

g
h

t in
 la

rg
e
 num

ber, 
th

e
 

la
rg

e
 siz

e
 o

f g
o

o
sefish

 m
akes 

them
 o

f 
in

te
re

s
t. 

A
t 4 sta

tio
n

s th
e
 

catch
 

w
as 

betw
een 10 and 

20 
p

o
u

n
d

s. 
Y

oung 
and 

a
d

u
lts o

ccu
rred

 w
ith

 
eq

u
al 

freq
u

en
cy

 th
ro

u
g

h
o

u
t th

e 
area .. 

W
in

ter F
lo

u
n

d
er 

T
he w

in
te

r flo
u

n
d

er, 
o

r_
b

lack
b

ack
 

(P
seu

d
o

p
leu

ro
n

ectes 
am

erican
u

s) 

o
ccu

rred
 in

 16 sam
p

les n
o

rth
 o

f 
36° 

3ot 
N

 la
t. 

and 
betw

een 9 and 
32 

fath
o

m
s 

in
 d

ep
th

. 
T

em
pera~

ure 
ran

g
e w

as 
7 co 

1
4

° C
 (4

5
-5

7
°r). 

O
ur 

la
rg

e
st catch

 w
as 

85 
fish

 w
eig

h
in

g
 

35 
p

o
u

n
d

s. 
S

even catch
es w

ere o
f 

10 
pounds o

r m
ore. 

W
indow

pane 
F

lo
u

n
d

er 
. \'\ 

T
ne w

indow
pane flo

u
n

d
er o

r d
a
y

lig
h

t 
(S

co
o

th
alm

u
s 

aouos.us) 



PHASE 
8 

o
ccu

rred
 o

u
t to

 
th

e 
30 

fathom
 

cu
rv

e th
ro

u
g

h
o

u
t th

e a
re

a
, 

b
u

t w
as 

n
o

t 

~
 

cau
g

h
t. in

 q
u

a
n

tity
. 

T
he 

la
rg

e
st catch

 w
as 

18 a
d

u
lts w

eig
h

in
g

 
8 pounds. 

T
em

p
eratu

re ran
g

e w
as 

8 to
 1

6
° C

 (4
6

-6
1

° F
). 

F
o

u
rsp

o
t F

lo
u

n
d

er 

T
he 

fo
u

rsp
o

t 
flo

u
n

d
er 

(P
a
ra

lic
h

th
y

s o
b

lo
n

g
u

s) w
as 

rep
resen

ted
 

in
 31 sam

p
les. 

A
d

u
lts 

o
ccu

rred
 o

n
ly

 in
 d

ep
th

s o
f 

20 
fath

o
m

s 
o

r m
ore, 

b
u

t young 
w

ere 
cau

g
h

t in
 th

e
 ran

g
e o

f 
8 to

 
50 

fath
o

m
s. 

T
em

p
eratu

re 

ran
g

e w
as 

7 to
 
1

6
° C

 (4
5

-6
1

°F
). 

T
he 

la
rg

e
st catch

 w
as 

50 a
d

u
lts w

eig
h

in
g

 

1
7

 pounds. 
A

ll o
th

e
r catch

es w
ere 

5 pounds o
r le

ss. 

N
o

rth
ern

 K
in

g
fish

 

T
he 

n
o

rth
ern

 k
in

g
fish

 
(M

en
ticirrh

~
s 

s
a
x

a
tilis

) w
as 

cau
g

h
t in

 

9 
to

w
s, 

a
ll in

 1
0

 fathom
s 

o
r le

ss. 
T

em
p

eratu
re 

ran
g

e w
as 

1
2

 to
 
1

6
° C

 (5
4

-

6
1

0
 F

). 
T

he 
la

rg
e
st catch

 w
as 

2
4

 fish
 

w
eig

h
in

g
 

7 pounds. 

N
o

rth
ern

 P
u

ff e
r 

T
he 

n
o

rth
ern

 p
u

ffe
r, 

o
r sw

e
llfish

, 
(S

n
h

aero
id

es m
acu

latu
s) 

w
as 

cau
g

h
t a

t 
2

1
 sta

tio
n

s th
ro

u
g

h
o

u
t 

th
e area from

 n
o

rth
 
to

 
so

u
th

. 

A
ltho~

gh young 
occurrG

d in
 w

ater as 
d

eep
 as 

2
0

 fath
o

m
s, 

a
d

u
lts w

ere 

p
le

n
tifu

l o
n

ly
 in

sid
e
 o

f 
th

e 10 
~

athoQ
 co

n
to

~
r. 

':'he 
~

arg
est catch

 

co
~

~
ain

ec 
576 

pounds 
o

f 
young 

and 
400 

pouncs 
0£ 

a
d

u
lts. 

T
em

p
eratu

re 

ran
g

e w
as 

1
2

 to
 1

9
° C

 (5
4

-6
6

° F
). 

P
lan

eh
ead

 F
ile

fish
 

A
 to

ta
l o

f 
9 p

lan
eh

ead
 file

fis
h

 
O

·:o:::ac2.:--.thus 
h

isry
icu

s) o
ccu

rred
 

in
 

7 sam
ples 

tak
en

 from
 w

aters o
f 

2
6

 fathom
s 

o
r le

ss.· 
T

em
p

eratu
re 

ran
g

e w
as 

1
2

 to
 
1

4
° C

 (5
4

-5
7

° F
). 

T
n

is 
sp

ecies 
is

 
u

n
lik

e
ly

 to
 be o

f 

com
m

ercial sig
n

ific
a
n

c
e
. 



PHASE 
8 

R
ound 

S
cad A

t 10 
sta

tio
n

s o
f 

20 
fathoras 

o
r le

ss 
so

u
th

 o
f 

37° 
30

1 
N

 round 

scad
 

(D
ecan

teru
s 

o
u

n
ctatu

s) w
ere 

cau
g

h
t. 

M
ost o

f 
th

e fish
 
in

 o
u

r 

sam
p

les w
ere 

ju
v

e
n

ile
s. 

T
he 

la
rg

e
st catch

 w
as 

1
8

 fish
 w

eig
h

in
g

 le
ss 

th
an

 0
.5

 pound. 
T

h
is 

sp
ecies is

 n
o

t lik
e
ly

 to
 
c
o

n
trib

u
te

 sig
n

ific
a
n

tly
 

to
 an

 in
d

u
stria

l fish
e
ry

. 

R
ough 

S
cad T

he 
rough 

scad
 

(T
rach

u
ru

s 
la

th
a
m

i), 
lik

e
 th

e 
round 

scad
 is

 

u
n

lik
e
ly

 to
 

be o
f 

sig
n

ific
a
n

c
e
 to

 an
 o

tte
r tra

w
l fish

e
ry

. 
I
t o

ccu
rred

 

a
t 

7 sta
tio

n
s o

f 
21 fathom

s 
o

r le
ss 

sp
an

n
in

g
 a 

tem
p

eratu
re 

ran
g

e o
f 

13 to
 1

6
° C

 (5
5

-6
1

°F
). 

O
cean 

P
o

u
t T

he 
o

cean
 p

o
u

t 
(M

acro
zo

arces 
am

erican
u

s) 
o

ccu
rred

 a
t 

7 
sta

tio
n

s 

betw
een 9 and 

40 fathom
s 

n
o

rth
 o

f 
37° 

4
0

t 
N

 la
t. 

T
em

p
eratu

re ran
g

e w
as 

7 to
· 1

3
 ° 

C
 (4

5
-5

5
 °F

). 
T

ne 
la

rg
e
st catch

 w
as 

39 a
d

u
lts w

eig
h

in
g

 
1

3
 p

o
u

n
d

s. 

B
eing a 

v
ery

.sm
all fish

, 
th

e 
sr::all 

r:-.oi.lth 
:E

lo~~.cer 

· ;:·;:.e:1·\JSi:0.:-:...:.s) 
is

 
o:-

l
i
 t:-cle 

p
o

t:em
:iaj_

 
eco:-.or.1ic 

s
ig

n
i~

 ic
a
n

c
e
. 

I-c 
o

ccu
r1

 ... eci 

in
 10 

sam
ples from

 w
ater o

f 
23 

fathom
s 

o
r sh

o
a
le

r. 
T

em
p

eratu
re ran

g
e w

as 

11 to
 1

6
° C

 (5
2

-6
l°F

). 

G
u

lfstream
 F

lo
u

n
d

er 

L
ik

e th
e
 re

la
te

d
 

srnallm
outh flo

u
n

d
e
r, 

th
e
 

sm
all G

ulfs~
ream

 

flo
u

n
d

er 
(C

ith
a~

ich
th

v
s a

rc
tifro

n
s) is

 u
n

lik
e
ly

 to
 be 

o
f 

com
m

ercial 

sig
n

ific
a
n

c
e
. 

I
t w

as 
cau

g
h

t a
t 13 sta

tio
n

s ran
g

in
g

 in
 d

ep
th

 from
 19 

to
 

95 
fa"'c:·.c::.s 

th
ro

u
g

h
o

u
t th

e
 a

re
a
. 

T
em

p
eratu

re ran
g

e w
as 

8 to
 13 ° C

 

(4
6

-5
5

°.F
). 



.. 
S

nake 
E

el 
PHASE 

T
he 

sn
ak

e eel. (0.-nochelys 
c
ru

e
n

tife
r) is

 an
o

th
er sp

ecies w
hose 

sm
all siz

e
 and 

sc
a
rc

ity
 m

ake 
it o

f no 
corr.m

ercial sig
n

ific
a
n

c
e
 .. 

I
t 

w
as 

cau
g

h
t a

t 1
1

 sta
tio

n
s 

ran
g

in
g

 in
 d

ep
th

 from
 

20 to
 

95 fathom
s 

and 

in
 tem

p
eratu

re from
 

9 
to

 
1

4
° C

 (4
8

-5
7

° F
). 

S
cup 

T
he 

scu
p

 
(S

tenotornus 
ch

ry
so

o
s) 

o
ccu

rred
 in

 32 
sam

ples 
ran

g
in

g
 

in
 d

ep
th

 from
 

8 to
 

40 
fath

o
m

s. 
B

oth a
d

u
lts and young 

w
ere 

caught: 

th
ro

u
g

h
o

u
t th

e
 

sam
p

lin
g

 a
re

a
. 

T
em

p
eratu

re ran
g

e w
as 

7 to
 
1

7
° C

 
(4

5
-

6
3

0
 F

). 
T

ne 
la

rg
e
st catch

 o
f 

a
d

u
lts w

as 
1

7
 w

eig
h

in
g

 10 
pounds. 

B
lack

 S
eab

ass 

8 

T
he 

b
lack

 seab
ass 

(C
en

tro
n

r·i$
tes 

s
tria

tu
s
) w

as 
cau

g
h

t a
t 

2
4

 

sta
tio

n
s 

th
ro

u
g

h
o

u
t th

e area-
in

sh
o

re from
 

th
e 

50 
fath

o
m

 co
n

to
u

r. 
Y

oung 

o
ccu

rred
 o

n
ly

 in
 w

ater o
f 

20 
fathom

s 
o

r le
ss. 

T
em

p
eratu

re ran
g

e o
f 

th
e 

a
d

u
lts w

as 
8 to

 1
6

° 
C

 
(4

6
-6

1
° F

). 
Y

oung 
w

ere 
cau

g
h

t o
n

ly
 a

t tem
p

eratu
res 

betw
een 1

2
 and 

1
6

° C
 (5

4
-6

1
° F

). 
T

ne 
la

rg
e
st catch

 w
as 

37 a
d

u
lts 

w
eig

h
in

g
 

15 p
o

u
n

d
s. 

Surruner 
F

lo
u

n
d

er 

O
ccu

rrin
g

 th
~

o
u

g
h

o
u

t 
t:ne 

s~
m

pling area a
t 

a
ll d

ep
t~

s 
o

u
t to

 

80 
fathom

s 
th

e
 

surruner 
flo

u
n

d
er o

r flu
k

e 
(P

a
ra

lic
h

th
v

s 
d

e
n

ta
tu

s) w
as 

rep
resen

ted
 in

 33 
sam

p
les. 

Y
oung 

w
ere 

cau
g

h
t a

t o
n

ly
 tw

o 
sta

tio
n

s. 

T
em

p
eratu

re 
ran

g
e w

as 
1

1
 to

 1
6

° C
 (5

2
-6

1
°F

). 
T

he 
la

rg
e
st catch

 w
as 

1
4

 

·ad
u

lts w
eig

h
in

g
 

2
1

 pounds. 

B
u

tt:erfish
 B

u
tte

rfish
 

(P
o

ro
n

o
tu

s 
tria

c
a
n

th
u

s) w
ere 

tak
en

 a
t 

33 
sta

tio
n

s 

)~
.-

ran
g

in
g

 
in

 d
ep

th
 from

 
7 to-

70 
fath

o
m

s. 
Y

oung 
w

ere 
tak

en
 ab

u
n

d
an

tly
 in

 

w
aters 

sh
o

a
le

r th
an

 
25 fath

o
m

s. 
T

em
p

eratu
re ran

g
e w

as 
7 to

 
1

7
° 

C
 

(45 
-

63 ° 
F

). 



. PHASE 
.8 

W
eakfish 

W
eak

fish
, 

o
r g

ray
 tro

u
t, 

(C
y

n
o

scio
n

 re
g

a
lis) w

ere cau
g

h
t a

t 

9 
sta

tio
n

s, 
th

e
 d

eep
est b

ein
g

 o
n

ly
 1

1
 fath

o
m

s. 
W

ater tem
p

eratu
res 

ran
g

ed
 from

 1
2

 to
. 1

6
° C

 (5
4

-6
1

° F
). 

'Ihe la
rg

e
st catch

 o
f 

a
d

u
lts w

as 
200 

w
eig

h
in

g
 

74 p
o

u
n

d
s. 

F
iv

e catch
es w

ere o
f 

15 pounds 
o

r m
ore. 

Y
oung 

w
ere 

cau
g

h
t in

 sig
n

ific
a
n

t q
u

a
n

titie
s a

t 3 sta
tio

n
s. 
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.. ., 

·PHA~F .... 

T
he 

w
in

ter c
ru

ise
 o

f 
1967 w

as 
th

e b
eg

in
n

in
g

 o
f a 

new
 

p
h

ase 

o
f 

th
e 

program
. 

T
hrough 1966 o

u
r g

o
al w

as 
to

 d
escrib

e th
e d

is
tri

b
u

tio
n

 o
f fish

e
s 

on 
th

e 
c
o

n
tin

e
n

ta
l sh

e
lf. 

In
 1967 w

e 
a
re

 seek
in

g
 

to
 le

a
rn

 th
e
 a

v
a
ila

b
ility

 o
f 

th
e v

ario
u

s 
sp

ecies 
to

-co
m

m
ercial-scale 

tra
w

ls. 
T

he 
av

erag
e 

catch
 o

f 
tra

sh
 fish

 
in

 54 
tow

s 
w

as 
2

,6
0

0
 pounds. 

p
er h

~
u

r. 
T

he 
g

re
a
te

st catch
 
ra

te
 w

as 
4

2
,0

0
0

 
pounds 

p
er h

o
u

r, 
and 

th
e le

a
st w

as 
88. 

T
rash

 fish
 

o
ccu

rred
 

rath
er. sp

o
ttily

 o
v

er th
e area 

from
 C

ape 
M

ay 
to

 C
ape H

atteras w
ith

 
no. p

a
rtic

u
la

r la
titu

d
e
 b

ein
g

 

e
sp

e
c
ia

lly
 p

ro
d

u
ctiv

e. 
T

he 
m

ost p
ro

d
u

ctiv
e d

ep
th

 
ran

g
e w

as 
30 

to
 

50 
fath

o
m

s. 
U

n
u

su
ally

 bad w
eath

er d
isru

p
ted

 
th

e w
ork 

sch
ed

u
le and 

we w
are 

unable to sam
ple as extensively as we had 

intended co, 

T
he 

g
e
a
r ch

o
sen

 fo
r 

th
e 1967 program

 is
 an

 A
tla

n
tic

 w
estern

 

tra
w

l w
ith

 
7

8
-fo

o
t fo

o
tro

p
e, 

5
4

-fo
o

t h
ead

ro
p

e, 
and 

6
-in

ch
 
stre

tc
h

 

m
esh 

th
ro

u
g

h
o

u
t. 

T
h

is k
in

d
 o

f 
n

e
t w

as 
se

le
c
te

d
 

b
ecau

se ex
p

erim
en

ts 

co
n

d
u

cted
 

by th
e BCF 

E
x

p
lo

rato
ry

 F
ish

in
g

 and 
G

ear R
esearch

 B
ase, 

G
lo

u
cester, 

M
assach

u
setts, 

in
d

ic
a
te

d
 th

a
t it is

 
soffiew

hat m
ore 

e
ffic

ie
n

t th
an

 

th
e 

#36 
and 

#41 
Y

ankee 
traw

ls 
in

 g
en

eral 
use 

by th
e lo

c
a
l fish

in
g

 
fle

e
t. 

T
he 

h
ead

ro
p

e o
f 

th
e A

tla
n

tic
 w

estern
 fish

e
s 

as 
m

uch 
as 

th
re

e
 fathom

s 

above 
th

e 
bottom

 v
ersu

s 
th

e ap
p

ro
x

im
ately

 one fathom
 o

f 
a 

#41 
Y

ankee 
traw

l 

o
f 

sim
ila

r siz
e
. 

T
he 

la
rg

e
 v

e
rtic

a
l opening 

p
ro

b
ab

ly
 re

su
lts 

in
 an

 

in
creased

 catch
 o

f 
th

o
se 

sp
e
c
ie

s.th
a
t o

ccu
r slig

h
tly

 above 
th

e 
b

o
tto

m
. 

S
am

pling 
p

ro
ced

u
re w

as 
to

 su
b

d
iv

id
e th

e C
hesapeake B

ig
h

t 

and 
a
d

ja
c
e
n

t w
aters 

by a 
system

 o
f g

rid
s 

15 
m

in
u

tes on a 
sid

e
. 

In
 

each
 g

rid
 w

e 
search

ed
 w

ith
 a 

fish
-fin

d
e
r u

n
til w

e 
found 

a 
sig

n
i

fic
a
n

t 
co

n
cen

tratio
n

 o
f 

fish
, 

o
r u

n
til an

 h
o

u
r elap

sed
. 

W
e 

th
en

 

.
~
~
 

tow
ed 

th
e tra

w
l fo

r up 
to

 an
 h

o
u

r in
 o

rd
e
r to

 
id

e
n

tify
 th

e fish
 

com


p
risin

g
 th

e
 co

n
cen

tratio
n

, 
o

r in
 th

e ab
sen

ce o
f 

a 
co

n
cen

tratio
n

., 

9 



PHASE 
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~
 

to
 a

sc
e
rta

in
 th

e
 q

u
a
n

tity
 o

f fish
 

p
re

se
n

t •
.
 T

h
is 

sam
p

lin
g

 p
ro

ced
u

re 

p
ro

d
u

ces tw
o 

som
ew

hat 
re

la
te

d
 
in

d
ic

e
s o

f 
abundance o

f ground fish
: 

th
e d

u
ra

tio
n

 o
f 

search
 b

efo
re fin

d
in

g
 

a 
sig

n
ific

a
n

t co
n

cen
tra~

io
n

 

o
f fis

h
, 

and 
th

e catch
 
ra

te
 o

f fish
 
in

 th
e tra

w
l. 

T
hus 

e
ith

e
r 

,..,~ 
..... 

a 
sh

o
rt search

 tim
e o

r a h
ig

h
 

catch
 ra

te
 in

d
ic

a
te

s an
 abundance o

f 

fish
. 

P
au

city
 o

f 
sig

n
ific

a
n

t co
n

cen
tratio

n
s 

is
 in

d
ic

a
te

d
 b

y
 th

e 

fa
c
t 

th
a
t th

e 
search

 w
as 

sto
p

p
ed

 b
efo

re e
x

p
ira

tio
n

 o
f 

an
 h

o
u

r in
 

o
n

ly
 

7 g
rid

s. 

T
he 

av
erag

e catch
 
ra

te
 in

 th
o

se 
7 g

rid
s w

as 
8

,0
5

9
 lb

./h
r. 

(ran
g

e 
228 

to
 

4
2

,4
6

0
) w

hereas 
th

e a~
erag

e in
 g

ric
s 

in
 w

hich 
th

e 

search lasted
 an hou~ 

w
as 

1,767 lb
./h

r. 
(range 88 

to
 24,000). 

F
ig

u
re 1 

in
d

ic
a
te

s 
th

e catch
 
ra

te
s 

o
f 

tra
sh

 fish
 
a
t th

e 
v

ario
u

s 
sta

tio
n

s. 

T
ab

le l 
lis

ts
 

th
e 

sta
tio

n
s in

 o
rd

e
r o

f 
d

ecreasin
g

 
catch

 o
f 

tra
sh

 

fish
 

and 
a
lso

 g
iv

e
s h

y
d

ro
g

rap
h

ic d
ata and 

th
e p

o
sitio

n
 fo

r each
 sta

tio
n

. 

T
ab

le 
2 in

d
ic

a
te

s 
th

e 
catch

 
in

·e
a
c
h

 d
ep

th
 
in

te
rv

a
l in

 

each
 d

eg
ree o

f 
la

titu
d

e
. 

W
hereas 

in
 th

e w
in

ter o
f 1966 

th
e area 

so
u

th
 o

f 
37° seem

ed 
to

 be 
th

e m
ost 

p
ro

d
u

ctiv
e o

f 
tra

sh
 fish

, 
such 

w
as 

n
o

t th
e case in

 1
9

6
7

. 
F

ish
 w

ere 
ro

u
g

h
ly

 e
q

u
a
lly

 d
istrib

u
te

d
 

la
titu

d
in

a
lly

.· 

In
d

ic
a
tio

n
s o

f fish
 o

r o
th

e
r o

rg
an

ism
s 

in
 th

e m
id

w
aters 

w
ere 

n
o

ted
 from

 
th

e ech
o

-so
u

n
d

er reco
rd

. 
A

t 
28%

 o
f 

th
e 

sta
tio

n
s 

no 
m

id
w

ater form
s 

w
ere 

d
e
te

c
te

d
; 

44%
 h

ad
 
lig

h
t in

d
ic

a
tio

n
s, 

24%
 

m
o

d
erate, 

and 
4%

 h
eav

y
. 

O
ur 

catch
es 

su
g

g
ested

 th
a
t som

e of 
th

e 

sch
o

o
ls 

o
f m

id
w

ater fish
 w

ere a
le

w
ife

, 
m

ack
erel, 

h
e
rrin

g
, 

and 
b

u
tte

r

fish
. 

In
 m

ost cases w
e. h

av
e no 

in
d

ic
a
tio

n
 o

f 
th

e 
id

e
n

tity
 o

f 

-the 
sch

o
o

ls 
th

a
t o

ccu
r above th

e 
2 to

 
3 fathom

s 
a
d

ja
c
e
n

t to
 

th
e 

b
o

tto
m

. 
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o
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th

e
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 g
iv

en
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T
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 fish

 a
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 firs

t, 
fo

llo
w
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by th
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u

g
h

t b
y
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e
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d
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h
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N
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 25 
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fathom
s 

o
r d

eep
er. 

T
em

perature 
ran

g
e w

as 
4 to

 1
3

° C
 

(3
9

-5
5

° F
). 

T
he 

la
rg

e
st catch

 w
as 

85 
pounds. 

T
en o

th
e
r catch

es 

co
n

tain
ed

 from
 10 to

·3
0

 pounds. 

S
q

u
irrel H

ake 

S
q

u
irre

l h
ak

e 
(red

 h
ak

e) w
ere cau

g
h

t in
 sig

n
ific

a
n

t 

q
u

a
n

tity
 o

n
ly

 n
o

rth
 o

f 
36° 

SO
' 

N
 la

titu
d

e
 in

 w
aters d

eep
er th

a~
 

25 
fath

o
m

s. 
T

em
perature· ran

g
e w

as 
5 to

 1
2

° C
 (4

1
-5

4
° F

). 
A

t 
tw

o 

sta
tio

n
s th

e
 catch

 
ra

te
 exceeded 100 pounds 

p
er h

o
u

r. 
T

he 
catch

 

exceeded 15 
pounds 

p
er h

o
u

r a
t ab

o
u

t h
a
lf o

f 
th

e 
22 

sta
tio

n
s w

here 

sq
u

irre
l h

ak
e w

ere 
cau

g
h

t. 

C
hain D

o
g

fis~
 

C
hain d

o
g

fish
 w

ere cau
g

h
t in

 7 tow
s 

o
u

tsid
e
 th

e
 

~5 
fathom

 

cu
rv

e. 
C

atch
 ra

te
s 

ranged--.from
 1 

to
 

6 pounds 
p

e
r h

o
u

r. 
T

em
pera

tu
re

 ran
g

e w
as 

9 to
 1

2
° C

 (4
8

-5
4

° F
). 

Sm
ooth 

D
o

g
fish

 

A
lthough 

th
e
 

sm
ooth d

o
g

fish
 o

ccu
rred

 in
 o

n
ly

 6 sam
p

les, 

a
ll so

u
th

 o
f 

36° N
 la

titu
d

e
, 

one catch
 co

n
tain

ed
 

24,000 pounds. 

:iJe
j?

th
 ran

g
e w

as 
21 

to
 ab 

fath
o

m
s; 

tem
p

eratu
re ran

g
e, 

9 to
 1

3
° C

 

(l1-8-55 ° F
). 



PHASE-
9 

S
p

in
y

 D
o

g
fish

 

S
p

in
y

 d
o

g
fish

 w
ere 

th
e m

o
st g

e
n

e
ra

lly
 d

istrib
u

te
d

 and 

m
ost ab

u
n

d
an

t.fish
 
in

 th
e
 sam

p
lin

g
 a

re
a
. 

O
nly 2 o

f 
o

u
r 

54 sam
ples 

lack
ed

 th
is 

sp
e
c
ie

s. 
T

he 
la

rg
e
st catch

 w
as 

1
8

,0
0

0
 p

o
u

n
d

s. 
E

lev
en

 

catch
es. w

ere 
betw

een 1000 and 1
0

,0
0

0
 p

o
u

n
d

s, 
and 

9 catch
es w

ere 
. 

-· 
·--

b
etw

een
 500 

and 1000 p
o

u
n

d
s. 

A
bundance w

as 
n

o
t 

seem
in

g
ly

 re
la

te
d

 

to
 d

ep
th

 o
r la

titu
d

e
. 

C
learn

o
se S

k
ate 

C
learn

o
se sk

a
te

 o
ccu

rred
 th

ro
u

g
h

o
u

t th
e a

re
a
 a

t a
ll 

d
ep

t~
s 

sam
pled byt. w

ere m
ost num

erous 
in

 w
aters 

sh
o

a
le

r th
an

 50 

fathom
o, 

w
here nearly half 0£ 

th@
 catches w

ere betw
e@

n 25 and 100 

p
o

u
n

d
s. 

T
h

is 
sp

e
c
ie

s w
as 

cau
g

h
t in

 26 
tow

s 
th

ro
u

g
h

 a 
tem

p
eratu

re 

ran
g

e o
f 

S to
 1

3
° C

 (4
1

-5
5

°F
). 

L
ittle

 S
k

ate 

T
he 

little
 sk

ate w
as 

cau
g

h
t a

t 30 
sta

tio
n

s 
sp

an
n

in
g

 a 

d
ep

th
 ran

g
e of_ 9 to

 62 
fath

o
m

s 
from

 
36° N

 to
 th

e
 n

o
rth

ern
 ed

g
e o

f 

th
e a

re
a
, 

b
u

t becam
e· in

c
re

a
sin

g
ly

 ab
u

n
d

an
t tow

ard 
th

e 
n

o
rth

. 
T

nree 

catch
es 

ran
g

ed
 

betw
een 10.0 

and 150 pounds 
p

er h
o

u
r and a

t 7 

sta
tio

n
s th

e
 catch

 w
as 

betw
een 25 

and 100 p
o

u
n

d
s. 

T
em

p
eratu

re 

ran
g

e w
as 

4 to
 1

1
° C

 (3
9

-5
2

° F
). 

W
in

ter S
k

ate 

T
ne 

w
in

te
r.sk

a
te

, 
a 

sp
ecies 

n
o

t cau
g

h
t in

 1
9

6
6

; o
ccu

rred
 

in
 9 

sam
ples 

from
 in

sid
e
 th

e 
30 

fathom
 
c
u

rv
e
.· T

em
p

eratu
re ran

g
ed

 

£i..""'Om
 

4 to
 

8
° C

 (3
9

-4
6

° F
). 

A
lthough 

t~
e 

_
:;irg

e
s-:: catch

 w
as 

o
n

ly
 

.6 
in

d
iv

id
u

a
ls, 

th
e 

larg
e. siz

e
 o

f 
th

ese fish
 m

akes 
then-, 

o
f 

som
e 

pot:cn't:ial 
i:'r1port,m

ce. 
T

he 
la

rg
e
st catch

 
"·;;s 

1.;.2 
pounds 

and a
ll 

ex
co

r1
t 

~~ 
(:t"'\ tch

es 
ex

ceed
ed

 10 pounds. 



PHASE-
9 

R
o

sette S
k

ate 

T'ne 
ro

se
tte

 sk
a
te

 o
ccu

rred
 ir. 9. sam

p
les, 

a
ll b

u
t one 

from
 

45 
fath

o
m

s 
o

r d
eep

er. 
T

em
p

eratu
re 

ran
g

e 
W

o
.3

 
6 ~:o 

1
2

 ° C
 

(4
3

-5
4

° F
). 

T
he 

la
rg

e
st catch

 w
as 

60 
p

o
u

n
d

s. 
F

o
u

r catch
es 

ran
g

ed
 

betw
een 10 and 

SO 
p

o
u

n
d

s. 

G
o

o
sefish

 T
he g

o
o

sefish
 

(a
n

g
le

r, 
allm

o
u

th
) ·.::::is 

cau
g

h
t a

t 
4

1
 

sta
tio

u
s 

t~
ro

u
g

h
o

u
t th

e 
ran

g
e o

f d
ep

th
s, 

lat~
~

~
d

es, 
and tem

p
era

tu
re

s 
sam

p
led

. 
T

ne 
la

rg
e
st cat~

~
 w

as 
35~ p

o
u

n
d

s; 
3 catch

es 

ran
g

ed
 betw

een 
2

5
0

 and 
1

5
0

 p
o

u
n

d
s, 

and 
23 

o
f 

th
e
 catch

es w
ere 

betw
een 1

0
0

 and 
25 

pounds. 
A

lthough g
o

o
sefish

 w
ere n

o
t p

le
n

tifu
l, 

th
e
ir av

erag
e .size o

f 
ab

o
u

t lO
 

pounds m
akes 

them
 o

f 
p

o
te

n
tia

l sig
n

i

fic
a
n

c
e
. 

W
in

ter F
lo

u
n

d
er 

W
in

ter flo
u

n
d

er 
(b

lack
b

ack
) w

ere 
cau

g
h

t a
t 1

5
 
s
ta

tio
n

s
· 

ran
g

in
g

 in
 d

ep
th

 from
 

8 to
 

2
7

 fathom
s 

and from
 

36° 3
0

' 
to

 th
e
 

n
o

rth
ern

 edge o
f 

th
e a

re
a
. 

T
em

p
eratu

re ran
g

e w
as 

4 to
 

8
° C

 

( 39-46 ° -; ) . 
'Ihe 

la
rg

e
st catch

 w
as 

25 
pounds. 

A
ll o

th
e
r catch

es 

w
ere le

ss 
th

an
 

1
0

 pour1ds ~ 

W
indow

pane 
F

lo
u

n
d

er 

W
indow

pane 
(d

a
y

lig
h

t) flo
u

n
d

er o
ccu

rred
 th

ro
u

g
h

o
u

t th
e 

a
re

a
 from

 n
o

rth
 
to

 
so

u
th

 in
sid

e
 o

f 
th

e 
30 

fath
o

m
 cu

rv
e. 

7em
pera

tu
re

 
ran

g
e w

as 
4 to

 ·9° C
 (39~

48° F
). 

0£ 
th

e
 

27 catch
es 

co
n

tain
in

g
 

w
indow

pane flo
u

n
d

er 
3 {w

ere 
betw

een 25 
and 

50 
p

o
u

n
d

s, 
a:r,ci 

2 w
ere 

~
· 

;:,etw
een 

1
0

 
a..cld 

25 
pounds. 

A
ll o

th
e
rs w

ere 
le

ss 
th

an
 1

0
 p

o
u

n
d

s. 
' 

'> 



F
o

u
rsp

o
t F

lo
u

n
d

er 

·-
P

rim
a
rily

 a 
re

sid
e
n

t o
f th

e
 o

u
te

r h
a
lf 

o
f 

th
e
 
sh

e
lf, 

th
e fo

u
rsp

o
t 

flo
u

n
d

er w
as 

cau
g

h
t in

 26 
tow

s 
ran

g
in

g
 n

o
rth

 from
 

3
6

°. 

T
he 

la
rg

e
st catch

 w
as· 

50 
;>

ounds. 
S

even catch
es 

ran
g

ed
 betw

een 

20 
and 

5
0

 p
o

u
n

d
s. 

T
effiperature ran

g
e w

as 
4 

to
 1

0
° 

C
 

(3
9

-5
0

° F
). 

Y
ello

w
tail F

lo
u

n
d

er 

Y
el.::..ow

tail flo
u

n
d

er o
ccu

rrcc 
-.,.., 

1
4

 sarr.ples 
from

 
a 

depti'4 

ran
g

e o
f 15 to

 
62 

fath
o

m
s. 

A
 few

 w
ere 

cau
g

h
t as fa

r 
so

u
th

 as 

3
6

° 
3

0
', 

b
u

t y
e
llo

w
ta

ils w
ere j;>

resent in
 su

b
sta

n
tia

l c;,uantity 

o
n

ly
 n

o
rth

 o
f 

3
7

° 
4

0
'. 

Tw
o 

catch
es w

ere ab
o

u
t 

250 
p

o
u

n
d

s; and 

3 ad
d

itio
n

al catches exceeded 
40 

pounds 
per hour. 

T
em

peruture 

ran
g

e w
as 

4 to
 1

0
° C

 (3
9

-5
0

° F
). 

W
itch F

lo
u

n
d

er 

T
ne 

w
itch

 flo
u

n
d

er 
(g

ray
 so

le
) w

as 
cau

g
h

t a
t 22 

sta
tio

n
s 

n
o

rth
 o

f 
3

7
° N

a
t d

ep
th

s from
 

1
6

 to
 

6
9

 fath
o

m
s. 

T
em

p
eratu

re 

rar.~;c 
w

a
s 

5 
to

 
1

1
 ° 

C
 

( 4
.:-5

2
 ° 

? ) . 
A

ll catch
es o

f 
1

0
 

po~
nds 

j;>er 

hom
"' 

o
r la

rg
e
r w

ere rr,ade 
a
t c.e;,fr.s 

in
 ex

cess 
o

f 
25 

fath
o

;n
s. 

Tw
o 

1
0

 p
o

u
n

d
s. A

t 
2

0
 
sta

tio
n

s in
sid

e
 

th
e 

30 fathom
 

cu
rv

e alew
ife w

ere 

cau
g

h
t.· 

z-.e: 
a:.2·:1if e w

as 
ra

th
e
r ger.e:t"'ally d

istrib
u

te
d

 n
o

rth
-

\·lo rd
 from

 
3

6
 ° 

N
. 

'.i:\~rr,pera tu
re

 
l"'ange 

o. t 
th

e b
o

tto
m

 w
as 

5 
to

 
9 ° 

C
 

( 4
1

-4
8

 ° F
). 

T
ne 

catch
 exceeC

:ed 
20 

pounds 
p

e
r h

o
u

r a
t 

7 
sta

tio
n

s. 

T
ne 

la
rg

e
st catch

 w
as 

1
0

0
 p

o
u

~
cs. 



-
~

 
B

lu
eb

ack
 H

errin
s 

B
lu

eb
ac~

 
(g

lu
t) n

e
rrin

g
 o

ccu
rred

 
1

~
 o

n
ly

 9 c
a
tc

h
e
s, 

a
ll in

sid
e
 th

e
 

30 fathom
 cu

rv
e. 

A
.lt:1ough 

th
e
 b

lu
eb

ack
 e

n
te

rs 

fre
sh

 w
ater to

 
spaw

n ab
o

u
t a 

rr.o::1th 
la

te
r th

an
 does 

th
e
 a

le
w

ife
, 

th
e b

lu
eb

ack
 a

lre
~

d
y

 o
ccu

rred
 n

o
rth

 
to

 
3

8
° 

3Q
T 

by th
e
 

end o
f 

M
arch. 

H
ow

ever, 
b

lu
eb

ack
 w

ere nm
: 

as 
ab

u
n

d
an

t as c:..::..ew
ife, 

th
e 

la
rg

e
st catch

 beir.~
 

1
2

 pounds. 
?erh

o
)S

 
b

lu
e~

ac~
 a

re
 m

ore 
a~

u
n

d
an

t 

on th
e
 
s
te

lf 
~
~
~
e
r
 
in

 th
e 

seaso
n

. 

A
tla

n
tic

 H
errin

g
 

T
he 

ci1.5 ~
rib

u
tio

n
 o

f A
tla

n
tic

 l-"Lerri;-.g 
c
lo

se
ly

 approx:i.m
o (._~c. 

w
ith

 
th

e ex
cep

t~
o

n
 o

f 
one fish

 
cau

g
h

t in
 

6
4

 fath
o

m
s. 

T
em

p
eratu

re 

ran
g

e w
as 

5 to
 

9
° C

 (4
1

-4
8

° F2. 

A
tla

n
tic

 M
ack

erel 

A
tla

n
tic

 m
ack

erel w
0~e 

cau
g

n
t a

t 1
3

 sta1
:io

n
s 

sh
o

a
le

r 

sue.~ 
as a

le
w

ife
, 

b
lu

eb
ack

, 
and h

e
rrin

g
 is

 n
o

t a
c
c
u

ra
te

ly
 in

d
ic

a
te

d
 

b
y

 a 
su

rv
ey

 u
sin

g
 a 

bottc;n tra
w

l. 
A

t 
3 sta

tio
n

s 
th

e 
catch

 ex
ceed

ed
 

2
0

 p
o

u
n

d
s. 

O
th

er catc.-....es 
w

ere 
1 

to
 

5 
pc.::-..cs. 

O
cean 

P
0u1: T'ne 

o
cean

 
occu::-:.:-ed. :.r. 

sp
an

n
in

g
 a 

de_;)th 

r&
:;-.ge 

o
f 

1
5

 to
 

62 
~

0
. :.::.om

s 
and a 

ter.,:1eratu:;..'"'e 
:.."\:l:t.ge 

o
f 

4 
to

 
1

0
 ° 

C
 

(3
9

-5
0

° F
). 

~:-.a 
soufr.er:1 

o
f 

o
ccu

rre~
ce w

as 



PHASE .. 9 

la
rg

e
s
t 

c
a
tc

h
 

(1
5

0
 

pou::-.cs) 
w

as 
th

e
 

r.o:."tr1ernrr.ost 
o~~e. 

S
ix

 c
a
tc

h
e
s 

r&
r.ged 

fro
m

 1
5

 
to

 
90 

:;,ounds. 
A

ll o
t:.e

rs · w
ere 

..L.::ss 
th

a
n

 1
0

 
p

o
u

n
d

s. 

L
o

n
g

h
o

rn
 S

c
u

lp
i~

 

'E'1e 
lor~

g:iorn sc
u

l;:.n
 w

as 
c&

~
g

h
t in

 1
2

 
to

w
s 

irls:..de 
th

e
 

30 
fath

o
m

 
c
u

rv
e
 
n

o
rth

 
o

f 
3

7
° 

N
. 

T
4

c 
la

rg
e
s
t c

a
tc

~
 w

as 
60 

p
o

u
n

d
s. 

-· 
T

n
re~

 a
d

d
itio

n
a
l c

a
tc

h
e
s 

w
ere 

=
rom

 1
2

 
to

 
25 

p
o

u
n

d
s. 

T
em

p
er&

tu
re 

ra:1ge 
w

as 
:, 

to
 

7 ° 
C

 
( 4.::..-.. r-S 

O
 

? ) . 

3
:ack

 S
eab

c.ss 

A
lth

o
u

g
h

 
in

 on:_y 
1

3
 

sar:-.ples, 
b

l&
ck

 
se

a
b

a
ss 

w
ere g

e
r1

e
ra

lly
 

d
i8 trib

~
~

~
d

 fro
m

 n
o

rth
 
to

 
so

u
~

h
. 

T
~

Q
ir d

ep
tn

 ran~@
 

w
as 

30 
to

 
80 

catC
:'1 

w
as 

705 
P

<
?unds. 

S
cu

p
 

S
cu

p
 

(p
o

rg
ie

s) 
w

ere 
sc

a
rc

e
 

i·n o
u

r 
sam

p
lin

g
 a

re
a
, 

o
c
c
~

rrin
g

 

in
 o

n
:y

 1
4

 c
a
tc

h
e
s 

sc
a
tte

~
e
d

 
~

n
ro

u
g

~
 

th
e
 a

r2
a
 

rro
m

 n
o

rth
 
to

 
so

u
th

. 

tim
e. 

ne· ...... --.... 
...... -....... ...,.e 

'.··1 a.., s 
µ 

i.J 1.... .. • 
.._a .. ·~

. 
v. 

1
7

 
to

 
80 

::at1.o;:-.s, 
te:r.p·-::·.:-ature 

ra
n

g
e
, 

7 
to

 

.:_3 ° 
C

 
,,,_

 
-
-
o

 
-
,, 

v
,·::i-::;;:, 

r
;
.
 

r-:· _
_

 
-
-
/
"
\
~

,~
-
· 

_
_

_
_

 ., 
r
·
-
~

 
~

·
.
 C

: 
..... .;;.. ... ~

I.,;.:., ... 
\..-C

. I..'-"". 
• ....... -.J 

B
u

tte
rfish

 B
-c.tterfish

 
occt;.:.'"'::-e~ 

a
t 

2C
 

stat:I.o:-:.s 
th

ro
u

g
h

o
u

t 
t::e 

a
re

a
 

fro
;n

 1
1

 to
 

8
0

 
fa

 tr.o
m

s. 
T

he 
la

rg
e
s
t c

a
tc

h
e
s 

\·:~
re

 
m

ade 
be-cw

een 
1

0
 

ar.d 
20 

fa
 t:-.ons 

a::-.d 
a
t 

80 
.: c

H
 .. : ,u

, •. .::i 
( tei.'.pera-;:ures 

o
f 

7 
an

d
 

9 ° 
re

s
p

e
c
tiv

e
ly

). 

~
 

~ 
~ ... ~.-.-.~~ 

t,:,as 
7 

~o 
~

3
° 

~
 c~~-..,=~

0 
~
 

... --
)
.
 

ie:7.~ : .. -· ~: c·.;re 
...... 

.:. " 
\. 

... 
_ 

..... 
_, 

_, 



~
·
 

SUiTu"T.er 
Flo-:.....~der 

Sum
m

er 
flo

u
rid

e
r 

(:=
lul<

e) 
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TABLE 
3 

SPEC
IES OCCURRING 

R
A

R
ELY

 IN
 

CHESAPEAKE 
BIG

H
T IN

 
. 

. 
SPRIN

G
 

1967 

· AM
ER I CAN 

SH
A

D
 

A
M

ERICA
N

 
JO

H
N

 
DORY 

ARM
ORED 

SEA
R

O
B

IN
 

A
TLA

N
TIC

 
COD 

BLA
CK

BELLY
 

R
O

SEFISH
 

CH
A

IN
 

D
O

G
FISH

 

CO
N

G
ER 

EEL 

A
LO

SA
 

SA
PID

ISSIM
A

 

. Z
E

N
O

PSIS 
O

CELLA
TA

 

PE
R

IST
E

D
IO

N
 

M
IN

IA
TU

M
 

GADUS 
M

ORHUA 

H
ELIC

O
LEN

U
S 

D
A

CTY
LO

PTERU
S 

SC
Y

LIO
R

H
IN

U
S 

R
ETIFER

 

CONGER 
O

C
EA

N
IC

U
S 

TA
U

TO
G

O
LA

BRU
S 

A
D

SPER
SU

S 

72 CU
N

N
ER 

GRAY 
SEA

TRO
U

T 
CY

N
O

SCIO
N

 
R

EG
A

LIS 
. 

G
U

LF 
STREA

M
 

FLO
U

N
D

ER 
C

ITH
A

R
IC

H
TH

Y
S 

A
R

C
TIFR

O
N

S 

LO
N

G
SPIN

E 
SN

IPE
FISH

 
M

A
CRO

RH
A

M
PH

O
SU

S 
SCO

LO
PA

X
 

LONGHORN 
SC

U
LPIN

 
M

Y
O

X
O

CEPH
A

LU
S 

O
C

TO
D

EC
EM

SPIN
O

SU
S 

N
O

RTH
ERN

 
K

IN
G

FISH
 

M
EN

TIC
IR

R
H

U
S 

SA
X

A
T

IL
IS 

N
O

RTH
ERN

 
PU

FFER
 

(SW
E

L
L

FISH
) 

SPH
A

ER
O

ID
ES 

M
A

CU
LA

TU
S 

N
O

RTH
ERN

 
S1A

RG
A

ZER 
A

STR
O

SC
O

PU
S 

G
U

TTA
TU

S 

PIG
FISH

 
·oR

T
H

O
PR

IST
IS 

CH
RY

SO
PTERU

S 

PO
LK

A
-D

O
T 

C
U

SK
-EEL 

O
TO

PH
ID

IU
M

 
OM

OSTIGM
UM

 

SAND 
SH

A
RK

 
C

A
R

C
H

A
R

IA
S 

TA
U

RU
S 

SA
N

D
BA

R 
SH

A
RK

 
CA

RCH
A

RH
IN

U
S 

M
lLB

ER
TI 

SEA
 

RAVEN 
H

EM
ITR

IPTER
U

S 
A

M
ERICA

N
U

S 

SM
OOTH 

BU
TTERFLY

 
RAY 

GYM
NURA 

M
ICRU

RA
 

SQ
U

TH
ERN

 
STIN

G
R

A
Y

 
D

A
SY

A
TIS 

A
M

ERICA
N

A
 

SPIN
Y

 
BU

TTERFLY
 

RAY 
GYM

NURA 
A

LTA
V

ELA
 

SPO
TTED

 
W

H
IFF 

TAUTOG 

W
H

ITE 
HAKE 

C
ITH

A
R

IC
H

TH
Y

S 
M

A
CRO

PS 

TAUTOGA 
O

N
IT

IS 

U
R

O
PH

Y
C

IS 
TEN

U
IS 
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PHASE 
9 

in
sig

n
ific

a
n

t com
m

ercial p
o

te
n

tia
l a

re
 liste

d
 in

 T
ab

le 3 and a
re

 n
o

t d
is

cu
ssed

 in
 th

is re
p

o
rt. 

NORTHERN SEA
RO

BIN
 

T
he 

m
ost freq

u
en

tly
 cau

g
h

t fish
 as w

ell as th
e m

ost ab
u

n
d

an
t w

as 

th
e
 n

o
rth

ern
 searo

b
in

. 
I
t o

ccu
rred

 in
 51 sam

ples from
 th

ro
u

g
h

o
u

t th
e
 a

re
a
. 

S
ig

n
ific

a
n

t catch
es w

ere from
 th

e area betw
een 

7 and 
25 

fathom
s 

n
o

rth
 o

f 
3

6
°. 

T
he 

la
rg

e
st catch

 w
as 

5,000 pounds. 
O

ne 
catch

 w
as 

1
,8

0
0

 pounds, 
5 w

ere 

betw
een 500 and 1

,0
0

0
 pounds _per h

o
u

r. 
T

em
perature ran

g
e w

as 
5 to

 20° C
 

{ 4
1

-6
8

 °F
) • 

STR
IPED

 
SEA

RO
BIN

 

S
trip

ed
 searo

b
in

s, 
o

ccu
rrin

g
 in

 
3

3
 catch

es, w
ere ag

ain
 m

uch 
le

ss 

ab
u

n
d

an
t th

an
 th

e
 n

o
rth

ern
 ro

b
in

. 
D

epth 
ran

g
e w

as 
5 to

 100 fath
o

m
s, 

b
u

t 

o
n

ly
 3 statio

n
s· d

eep
er th

an
 30 

fath
o

m
s-y

ield
ed

 
strip

e
d

 ro
b

in
s. 

L
a
titu

d
in

a
l 

d
istrib

u
tio

n
 w

as 
th

ro
u

g
h

o
u

t th
e a

re
a
. 

T
em

perature ran
g

e w
as 

7 to
 

20°c 

{4
5

-6
8

°F
). 

'!he la
rg

e
st catch

 w
as 

200 
pounds 

p
e
r h

o
u

r. 
F

our a
d

d
itio

n
a
l 

catch
es w

ere in
 ex

cess o
f 

25 
pounds. 

SILV
ER

 HAKE S
ilv

e
; ha~

e o
r w

h
itin

g
 o

ccu
rred

 in
 47 

sam
ples from

 a
ll d

ep
th

s and 

la
titu

d
e
s, 

b
u

t w
ere now

here 
p

le
n

tifu
l. 

T
he 

la
rg

e
st catch

 w
as 

155 
pounds, 

one 

catch
 w

as 
75 

pounds, 
and 

a
ll-o

th
e
rs w

ere le
ss 

th
an

 
50 pounds. 

Y
oung 

w
ere 

in
sid

e
 th

e 
35 

fathom
 cu

rv
e, w

hereas a
d

u
lts w

ere cau
g

h
t a

t a
ll d

ep
th

s. 

T
em

perature ran
g

e w
as 

5 to
 1

2
° C

 (4
1

-5
4

° F
). 

SPO
T'l.

1ED HAKE 

S
p

o
tted

 h
ak

e 
(lin

g
) w

ere 
cau

g
h

t a
t ab

o
u

t h
a
lf 

(3
8

) o
f 

th
e sta

tio
n

s. 

D
epth ran

g
e w

as 
5 to

 100 fath
o

m
s, 

b
u

t catch
es 

ex
ceed

in
g

 20 
pounds 

w
ere from

 

d
ep

th
s 

o
f 

50 
fathom

s 
o

r m
ore w

here 
tem

p
eratu

res w
ere 9 to

 1
2

° C
 (4

8
-5

4
° F

). 

S
p

o
tted

 hake w
ere g

e
n

e
ra

lly
 d

istrib
u

te
d

 la
titu

d
in

a
lly

. 
T

he 
la

rg
e
st catch
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PHASE 
9 

w
as 

2~0 
pounds. 

T
hree o

th
er catch

es exceeded 100 pounds. 
H

alf o
f th

e 

sta
tio

n
s d

eep
er th

an
 50 fathom

s 
y

ield
ed

 catch
es in

 ex
cess o

f 
30 

pounds p
er 

h
o

u
r. 

SQ
U

IRREL HAKE 

S
q

u
irre

l hake o
r red

 hake w
ere cau

g
h

t a
t 36 

sta
tio

n
s o

u
tsid

e o
f th

e 

10 fathom
 cu

rv
e and n

o
rth

 o
f 

3
6

°. 
T

em
perature ran

g
e w

as 
5 to

 1
2

° C
 (4

1
-5

4
°F

). 

T
he 

la
rg

e
st catch

 w
as 

140 pounds. 
O

ne 
o

th
e
r catch

 exceeded 100 pounds, 
2 

w
ere betw

een 50 
and 

100 and 
6 w

ere betw
een 25 

and 
50 

pounds. 

SPIN
Y

 D
O

G
FISH

 

· 
W

hereas 
in

 w
in

ter th
e sp

in
y

 d
o

g
fish

 o
ccu

rred
 a

t a
ll sta

tio
n

s 

ex
cep

t tw
o, 

in
 sp

rin
g

 it w
as 

cau
g

h
t a

t o
n

ly
 o

n
e-h

alf o
f th

e sta
tio

n
s apd 

th
e 

la
rg

e
st catch

 o
f a

d
u

lts w
as 

o
n

ly
 225 

pounds. 
A

bout 
3

,0
0

0
 pounds 

o
f 

ju
v

en
iles 

w
ere cau

g
h

t a
t each o

f tw
o 

sta
tio

n
~

 one on th
e edge o

f W
ashington C

anyon 

and one on th
e edge o

f B
altim

o
re C

anyon. 
A

d
u

lts w
ere m

ost ab
u

n
d

an
t in

 

w
aters sh

o
aler th

an
 25 

fath
o

~
s, 

w
hereas 

ju
v

en
iles w

ere m
ore 

p
le

n
tifu

l in
 

deep w
ater. 

SM
OOTH D

O
G

FISH
 

' 
T

ne 
sm

ooth d
o

g
fish

 w
as 

cau
g

h
t a

t 20 
sta

tio
n

s ran
g

in
g

 in
 d

ep
th

_
 

from
 

7 to
 100 fath

o
m

s, 
b

u
t it oc_curred m

ore 
freq

u
en

tly
 in

sid
e
 th

e 
30 

fathom
 co

n
to

u
r. 

T
em

perature ran
g

e w
as 

8 to
 1

2
° C

 (4
6

-5
4

°F
). 

A
t 

3 sta
tio

n
s 

th
e catch

 w
as 

betw
een 100 and 

200 
pounds 

p
er h

o
u

r. 

A
TLA

N
TIC ANGEL SHARK 

A
ngel sh

ark
s w

ere cau
g

h
t in

 9 tow
s 

from
 a

ll d
ep

th
s and 

ran
g

in
g

 

from
 th

e 
so

u
th

~
rn

 edge o
f th

e area n
o

rth
 to

 
3

7
° 

3
0

'. 
T

he 
la

rg
e
st c

a
tc

h
. 

w
as 

143 pounds. 
T

em
perature ran

g
e w

as 
7 to

 
20° C

 (4
5

-6
8

° F
). 

CLEARNOSE 
SKATE 

TI'le 
clearn

o
se sk

ate o
ccu

rred
 in

 13 sam
ples a

ll from
 w

ater sh
o

aler 

th
an

 20 
fath

o
m

s. 
In

 th
re

e
 o

f th
ese th

e catch
 w

as 
betw

een 100 and 
200 

pounds 
71 



PHASE 
9 

p
er h

o
u

r. 
T

em
perature ran

g
e w

as 
8 to

 12° C
 (4

6
-5

4
°F

). 
A

ll catch
es o

f m
ore 

th
an

 10 pounds w
eek 

a
t i1

 o
r 1

2
° C

. 

LITTLE 
SK

A
TE 

T
he 

little
 sk

ate o
ccu

rred
 in

 49 
sam

ples n
o

rth
 o

f 
36° and h

av
in

g
 a 

d
ep

th
 ran

g
e o

f 
6 to

 97 
fath

o
m

s, 
though it o

ccu
rred

 ra
re

ly
 in

 w
ater d

eep
er 

th
an

 30 
fath

o
m

s. 
T

em
perature ran

g
e w

as 
5 to

 1
2

° C
 (4

1
-5

4
° F

). 
'Ihe 

la
rg

e
st catch

 w
as 

450 
pounds 

p
er h

o
u

r. 
O

ne 
catch

 co
n

tain
ed

 150 pounds and 

9 ra~
ged betw

een 25 
and 

50 
pounds. 

W
IN

TER SKATE 

A
 la

rg
e
r fish

 th
an

 th
e clearn

o
se, 

w
hich 

sh
ares its

 sh
allo

w
 w

ater 

h
a
b

ita
t, 

th
e 

51 w
in

ter sk
ate cau

g
h

t in
 12 tow

s w
eighed a 

to
ta

l o
f 

509 
. 

pounds. 
T

he 
la

rg
e
st catch

 w
as 

210 
pounds. 

O
ne h

a
lf o

f th
e catch

es w
ere 

betw
een 25 

and 
75 

pounds 
p

er h
o

u
r. 

D
epth 

ran
g

e w
as 

9 to
 21 fathom

s 
and 

th
e w

in
ter sk

ate o
ccu

rred
 o

n
ly

 n
o

rth
 o

f 
36° S

O
'. 

T
em

perature ran
g

e w
as 

, .. -·. 7 to
 1

1
 ° C

 
( 45-52 ° F

). 

RO
SETTE 

SKATE 

O
ccu

rrin
g

 o
n

ly
 o

u
tsid

e th
e 50 

fathom
 co

n
to

u
r, 

th
e ro

se
tte

 sk
ate 

' 
w

as 
rep

resen
ted

 in
 o

n
ly

 
9 

sam
p

les. 
T

hese covered the· area fro
m

·n
o

rth
 to

 

so
u

th
 and had a 

tem
p

eratu
re ran

g
e o

f 9 to
 12° C

 (4
8

-5
4

° F
). 

T.he 
la

rg
e
st 

catch
 o

f 
th

is sm
all sk

ate w
as 

45 
pounds. 

T
hree o

th
er catch

es exceeded 

10 pounds 
p

er h
o

u
r. 

G
O

O
SEFISH

 

A
lso c

a
lle

d
 an

g
ler and allm

o
u

th
, 

th
e g

o
o

sefish
 o

ccu
rred

 th
ro

u
g

h
o

u
t 

th
e a

re
a
. 

T
hree catch

es 
co

n
tain

ed
 betw

een 100 and 
200 

pounds. 
T

he av
erag

e 

catch
 o

f 
th

is sp
ecies in

 41 
sam

ples w
as 

42 
pounds. 

W
IN

TER FLO
U

N
D

ER 

W
in

ter flo
u

n
d

er seem
 to

 be in
creasin

g
 in

 abundance in
 C

hesapeake 

B
ig

h
t. 

·A
 
to

ta
l o

f 
2,500 pounds w

ere cau
g

h
t in

 27 
tow

s from
 d

ep
th

s o
f 

9 to
 



01-fASE 
9. 

~
 

31 fathom
s 

n
o

rth
 o

f 
36° 3

0
'. 

T
em

perature ran
g

e.w
as 

6 to
 1

2
° C

 .(43-54°F
). 

·
~

.
 

---

T
he 

la
rg

e
st catch

 w
as 

450 
pounds. 

'Iw
o 

a
d

d
itio

n
a
l catch

es exceeded 300 

pounds 
and 

6 catch
es w

ere betw
een 100 and 

300 
pounds. 

W
INDOW

PANE 
FLOUNDER 

W
indow

pane 
flo

u
n

d
er 

(d
a
y

lig
h

t) o
ccu

rred
 in

 33 
sam

ples from
 9 to

 

26 
fath

o
m

s. 
T

em
perature ran

g
e w

as 
6 to

 12°. C
 (4

3
-5

4
°F

), 
and la

titu
d

in
a
l 

ran
g

e w
as 

th
ro

u
g

h
 th

e e
n

tire
 area b

u
t w

ith
 g

re
a
te

st num
bers 

b
ein

g
 n

o
rth

 o
f 

37° 3
0

'. 
T

he 
la

rg
e
st catch

 w
as 

45 
pounds. 

T
en 

catch
es co

n
tain

ed
 10 

pounds 
o

r m
ore. 

FO
U

RSBO
T FLOUNDER 

F
o

u
rsp

o
t flo

u
n

d
er w

ere g
en

era~
ly

 d
istrib

u
te

d
 th

ro
u

g
h

 a
ll d

ep
th

s 

and la
titu

d
e
s 

sam
pled b

u
t w

ere now
here 

ab
u

n
d

an
t, 

th
e la

rg
e
st catch

 b
ein

g
 

47 pounds. 

YELLOW
TAIL 

FLOUNDER 

Y
ello

w
tail w

ere cau
g

h
t in

 1
1

 tow
s a

t d
ep

th
s o

f 16 to
 

35 
fathom

s 
n

o
rth

 

o
f 

37° 3
0

'. 
T

em
perature ran

g
e w

as 
5 to

 9
° C

 (4
1

-4
8

°F
). 

T
he 

la
rg

e
st 

w
as 

70 
pounds. 

~
ne o

th
e
r catch

 co
n

tain
ed

 as m
uch 

as 10 pounds. 

W
ITCH FLOUNDER 

The 
w

itch
 flo

u
n

d
er o

r g
ray

 so
le w

as 
cau

g
h

t in
 19 tow

s 
a
ll n

o
rth

 

o
f 

36~ 
and p

red
o

m
in

an
tly

 in
 w

ater d
eep

er th
an

 25 
fath

o
m

s. 
T

h
is sp

ecies 

is
 o

f little
 sig

n
ifican

ce·, 
th

e la
rg

e
st catch

 b
ein

g
 19 

pounds. 
A

ll o
th

e
r 

catch
es w

ere le
ss th

an
 10 pounds. 

A
LEW

IFE 

A
lew

ife o
ccu

rred
 in

 12 sam
ples n

o
rth

 o
f 

36° 3
0

' 
N

. 
D

epth ran
g

e 

w
as 

5 to
 

77 
fath

o
m

s, 
tem

p
eratu

re ran
g

e 
7 to

 1
2

° C
 (4

5
-5

4
°F

). 
T

he la
rg

e
st 

catch
 w

as 
8 pounds. 



PHASE 
9 

BLU
EB.1C

J< 
H

E
R

R
IN

G
 

'Ille 
b

lu
eb

ack
 h

e
rrin

g
, 

o
r g

lu
t h

e
rrin

g
, 

a
lso

 w
as 

cau
g

h
t .at 12 

sta
tio

n
s b

u
t w

as 
som

ew
hat m

ore 
p

le
n

tifu
l th

an
 th

e alew
ife. 

T
he 

la
rg

e
st 

catch
 w

as 
25 

pounds. 
D

epth ran
g

e w
as 

8 to
 100 fath

o
m

s, 
tem

p
eratu

re ran
g

e 

7 to
 1

1
° C

 (4
5

-5
2

°F
). 

A
TLA

N
TIC 

H
E

R
R

IN
G

 

A
tla

n
tic

 h
e
rrin

g
 o

ccu
rred

 in
 

7 catch
es, 

th
e la

rg
e
st o

f w
hich w

as 

5 pounds. 
D

epth 
ran

g
e w

as 
15 

to
 

65 
fathom

s 
and 

tem
p

eratu
re 

ran
g

e 
7 to

 1
1

° C
 

(4
5

-5
2

°F
). 

A
TLA

N
TIC M

ACKEREL 

A
tla

n
tic

 m
ack

erel o
ccu

rred
 in

 11 sam
ples 

ran
g

in
g

 in
 d

ep
th

 fr.om
 

1
1

 to
 100 fath

o
m

s. 
T

em
perature ran

g
e w

as 
7 to

 1
2

° C
 (4

5
-5

4
° F

). 
'Ihe 

la
rg

e
st catch

 w
as 

75 
p01nds. 

M
ackerel and th

e th
re

e
 k

in
d

s 
o

f h
e
rrin

g
, 

b
ein

g
 

p
elag

ic fish
, 

p
ro

b
ab

ly
 a

re
 in

ad
eq

u
ately

 sam
pled by a 

bottom
 tra

w
l. 

OCEAN 
POUT T

he 
o

cean
 p

o
u

t o
ccu

rred
 a

t 1
3

 sta
tio

n
s n

o
rth

 o
f 

3
7

° 3
0

' 
an

d
.th

ro
u

g
h

 

a 
d

ep
th

 ran
g

e o
f 

16 to
 

73 fath
o

m
s. 

T
em

perature ran
g

e w
as 

5 to
 1

2
° C

 

' 
(4

1
-5

4
° F

). 
'Ihe 

la
rg

e
st catch

 w
as 

53 
pounds. 

BLACK 
SEA

BA
SS 

B
lack

 seab
ass, 

lik
e
 scu

p
, 

w
ere found 

th
ro

u
g

h
o

u
t th

e area a
t 

a
ll d

ep
th

s. 
T

he 
b

e
st catch

es 
(1

0
0

-3
0

0
 pounds 

p
er h

o
u

r) w
ere m

o
stly

 o
u

tsid
e 

th
e SO 

fathom
 cu

rv
e in

 w
ater o

f 10 
to

 11° C
 ( 

5
0

-5
2

° F
). 

SCU
P 

S
cup w

ere tak
en

 in
 35 

sam
ples from

 6 to
 100 fathom

s 
th

ro
u

g
h

o
u

t 

th
e a

re
a
. 

S
m

all fish
 w

ere 
com

m
on 

in
sid

e
 th

e 
20 

fathom
 cu

rv
e b

u
t w

ere n
o

t 

cau
g

h
t in

 d
eep

er w
ater. 

T
em

perature ran
g

e w
as 

7 to
 

20° C
 (4

5
-6

8
° F

). 



• 
PHASE 

9 
B

U
TTER

FISH
 B

u
tte

rfish
 w

ere 
cau

g
h

t a
t 49 

sta
tio

n
s th

ro
u

g
h

o
u

t th
e ran

g
e o

f 

d
ep

th
s and la

titu
d

e
s 

sam
pled. 

T
em

perature ran
g

e -w
as 

6 to
 1

2
° C

 (43~
54°_F

). 

D
eep w

ater w
as 

m
ore 

p
ro

d
u

ctiv
e th

an
 sh

allo
w

. 
O

f 
th

e 5 catch
es ex

ceed
in

g
 

100 pounds 
p

er h
o

u
r, 

a
ll ex

cep
t one w

ere in
 w

ater d
eep

er th
an

 SO 
fathom

s~
 

T
he 

ex
cep

tio
n

 w
as 

a
t 1

4
 fath

o
m

s. 

SU
M

M
ER

 FLO
U

N
D

E
R

 

Sum
m

er flo
u

n
d

er o
ccu

rred
 in

 ab
o

u
t o

n
e-h

alf o
f 

th
e catch

es 
(3

2
) 

b
u

t w
ere now

here 
num

erous. 
T

he 
la

rg
e
st catch

es w
ere ab

o
u

t 25 
pounds 

p
er 

h
o

u
r and w

ere m
ade 

in
 w

aters o
f 13 to

 16 fathom
s 

n
o

rth
 o

f 
36° 3

0
' 

N
. 

T
em

perature ran
g

e w
as 

7 to
 20° C

 (4
5

-6
8

° F
) b

u
t th

e b
e
st catch

es w
ere in

 

th
e ran

g
e o

f 
8 to

 1
0

° c. 

' 
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PRELIM
IN

A
RY

 C
R

U
ISE 

SUM
M

ARY 
A

V
A

ILA
B

ILITY
 AND D

ISTR
IB

U
TIO

N
 

OF 
B

EN
TH

IC
· 

FISH
E

S 
OF 

CH
ESA

PEA
K

E 
BIG

H
T 

SUM
M

ER 1967 

B
y 

• 

JA
CK

SO
N

 
D

A
V

IS 

V
IR

G
IN

IA
 

IN
STITU

TE 
OF 

M
A

~N
E 

SC
IEN

C
E 

G
LO

U
CESTER PO

IN
T

, 
V

IR
G

IN
IA

 

JA
N

U
A

RY
 

31, 
1968 

AN 
IN

TER
IM

 REPO
RT ·oF 

PRO
G

RESS 
ON. PR

O
JEC

T 3-5-D
 U

N
~ER 

.• 
PL 

88-309 



-
2 

-

PHASE 
9 

~
 

T
he 

sum
m

er 
c
ru

ise
 o

f 1967 w
as 

co
n

d
u

cted
 d

u
rin

g
 A

ugust and 

S
ep

tem
b

er. 
T

he 
av

erag
e catch

 o
f 

tra
sh

 fish
 a

t 83 
sta

tio
n

s w
as 

378 

pounds 
p

e
r h

o
u

r. 
T

he 
m

ost p
ro

d
u

ctiv
e area w

as 
n

o
rth

 o
f 

36° 
3

0
' 

and 

in
sh

o
re o

f 
th

e 
20 

fath
o

m
 

cu
rv

e 
(F

ig
. 

1 and 
T

ab
le 1

). 
C

atch 
ra

te
s 

rang~
d betw

een 2700 
pounds 

p
e
r h

o
u

r and 
3 pounds 

p
er h

o
u

r. 

S
am

pling 
p

ro
ced

u
re w

as 
to

 
tra

w
l fo

r one h
o

u
r in

 each
 15 

, 
m

in
u

te g
rid

 betw
een C

ape 
H

atteras and C
ape M

ay. 
A

n 
A

tla
n

tic
 w

estern
 

tra
w

l w
as 

u
sed

. 
M

esh 
siz

e
s w

ere: 
4" 

in
 body, 

3
11 

in
 ex

ten
sio

n
, 

2" 

in
 cod 

en
d

. 
In

 p
rev

io
u

s 
sam

p
lin

g
 

p
erio

d
s w

e 
search

ed
 w

ith
 an

 echo 

so
u

n
d

er fo
r an

 h
o

u
r b

efo
re se

ttin
g

 th
e n

e
t. 

In
 sw

runer, 
w

e 
d

isco
n

tin
u

ed
 

search
in

g
. 

E
ven in

 th
e area 

o
f m

axi~um
 

c
a
tc

h
e
s, 

no 
sig

n
ific

a
n

t sch
o

o
ls 

w
ere d

e
te

c
te

d
 by th

e fish
-fin

d
e
r •. 

T
ab

le 
2 lis

ts
 

th
e 

sta
tio

n
s 

in
 o

rd
e
r o

f 
d

ecreasin
g

 
catch

 o
f 

tra
sh

 fish
 

and a
lso

 g
iv

es 'tem
p

eratu
re and 

s
a
lin

ity
 o

f 
th

e
 b

o
tto

m
 w

ater 

and 
th

e 
p

o
sitio

n
 o

f 
each

 sta
tio

n
. 

T
he 

echo 
so

u
n

d
er in

d
ic

a
te

d
 a 

sc
a
rc

ity
 o

f 
m

id
w

ater o
rg

an
ism

s. 

A
 sum

m
ary o

f 
th

e d
istrib

u
tio

n
 o

f 
sp

ecies o
ccu

rrin
g

 in
 10%

 

o
r m

ore 
o

f 
th

e
 

sam
pl~

s 
is

 g
iv

en
 

below
. 

T
rash

 fish
 a

re
 d

iscu
ssed

 firs
t, 

fo
llo

w
ed

 
by th

e 
sp

ecies 
so

u
g

h
t by th

e H
am

pton 
R

oads 
tra

w
le

r fle
e
t. 

S
p

ecies o
f 

in
sig

n
ific

a
n

t com
m

ercial p
o

te
n

tia
l in

 th
e 

sununer a
re

 lis
te

d
 

in
 T

ab
le 

3 and 
a
re

 
n

o
t d

iscu
ssed

 in
 th

is 
re

p
o

rt. 

NORTHERN 
SEA

RO
BIN

 

T
he 

n
o

rth
ern

 searo
b

in
 w

as 
ag

ain
 th

e m
ost num

erous 
fish

 
in

 o
u

r 

sam
ples d

e
sp

ite
 

th
e fa

c
t 

th
a
t it o

ccu
rred

 o
n

ly
 in

sid
e
 
th

e 
20 

fath
o

m
 

cu
rv

e and 
n

o
rth

 o
f 

36° 30
1 

N
. 

T
em

p
eratu

re ran
g

e w
as 

8 
to

 
26° C

 

(46 to
 

7
9

°F
). 

'Ihe 
av

erag
e catch

 o
f 

n
o

rth
ern

 searo
b

in
s a

t 39 
sta

tio
n

s 



-
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PHASE 
9 

~
 

T
a
b

le
 
1

. 
A

v
erag

e 
c
a
tc

h
 

( in
 

p
o

u
n

d
s) 

o
f 

tra
s
h

 fis
h

 
p

e
r h

o
u

r .o
f 

tow
 

in
 

each
 
la

titu
d

e
 an

d
 d

e
p

th
 

ran
g

e 
-

sum
m

er 196.7. 

D
ep

th
 

35° 
36 ° 

37 ° 

0
-

9 
503 

817 

"ll!l.0-19 
1

2
9

 
623 

6
9

4
 

2
0

-2
9

 
1

3
 

40 
248 

3
0

-3
9

 
1

1
 

35 
47 

4
0

-4
9

 
322 

1
8

1
 

5
0

-5
9

 
66 

6
0

-6
9

 
8B

2 

7
0

-7
9

 
63 

8
0

-8
9

 

9
0

-9
9

 
• 

1
0

0
-1

0
9

 

38° 

773 

404 

331 

155 

42 

1
0

4
 

3 
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-
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PHASE 
9 

TABLE 
3 

SPEC
IES 

OCCURRING 
RARELY IN

 
CHESAPEAKE BIG

H
T IN

 
SUM

M
ER 1967 

A
M

ER
IC

A
N

 
JO

H
~ 

D
O

RY
 

A
R

~O
R

ED
 

SE
A

R
O

R
IN

 
R

A
R

N
D

ooq 
S

K
A

T
[ 

~IG
E

Y
F

 
SC

A
D

 
A

LA
C

K
R

ELLY
 

Q
O

S
E

F
IS

H
 

~~LAC'K 
D

~
·t. 

f~ L
U

E
 F

I S
H

 
R

L
tJ

N
T

N
O

S
f 

S
T

I"J
G

R
A

Y
 

C
H

A
IN

 
D

D
G

FISH
 

C
O

~G
FR

 
::FL

 
CO

'.oJ\JO
SE 

RAY 
.cu

:-.JN
f ~
 

O
U

SK
Y

 
SY

A
R

K
 

FA'.-!N 
C

U
S'<

-E
E

L
 

'G
R

A
Y

 
S

E
A

T
R

O
U

T
 

G
f~E

E
N

 
G

O
R

Y
 

G
U

LF 
S

T
R

F
.A

\1 
FLO

U
N

D
ER

 
H

A
r.)D

0C''< 
L

O
~

G
µ

O
R

'l 
SC

lJL
 P

I!\, 
. ~

O
R

T
H

E
R

~
 

K
l~

G
F

IS
H

 
N

O
R

T~FR
.'·? ·s T

A
R

G
A

Z
E

R
 

O
R

A
N

G
E 

F
IL

E
F

IS
H

 
·P

IG
F

IS
H

 
PL

A
~E

H
E

A
~ 

F
IL

E
F

IS
4

 
RO

CK
 

S
E

A
 

R
A

S
S

 
RO

U
G

H
 

S
C

A
!") 

RO
U

N
D

 
S

(A
:) 

S
A

 ,\j [) P
t.. '< 

S
 r·I M

~ I( 

5 ,\ 'W
 

S
H

 t\ R
 K

 

S
 ., A

LL ·1c~
JT

•1 
r L ~;1.J,\JJE

 R
 

5
-.~

0
0

T
H

 
P

U
r.F

F
~

 
SO

U
T

H
E

~~ 
<

IN
G

F
IS

H
 

-S
O

U
T

H
E

R
~

 
S

T
 I "JG

RA
Y

 
S

P
A

~
IS

H
 

~A
C

K
E

R
E

L
 

S
P

 I "! Y
 

R
 lJ i T

E
 R

F
 LY

 
R

A
Y

 
S

?
 I ~~ Y

 
S

E
 M

W
 B

 I .'~ 
SPC

T
 

s T
 r~ I p F. D

 
f1 u R

 r~ F
 I s H

 
TA

U
TO

G
 

~'l'E~C H\1Af\! 
~·' H

 I T
 f 

H
A

 K
 [ 

'-"11\TER
 

SK
A

TE 
.i.JI TC

H
 

F
L

O
U

'W
F

R
 

G
RA

Y
 

S
O

L
E

 

ZEi-..O
PS IS

 
O

C
ELLA

TA
 

P
E

R
I5

T
E

JIO
N

 
~I~IA

T
U

M
 

R
 A

 J /, 
LA

 E
 V

 I S
 

SF. LA
 f~ 

CI-< UV. E
 ;" 0 P T

 HA
 L

 ;..-, U
S 

H
E

L
IC

O
L

E
N

U
S 

JA
C

T
Y

L
O

PT
E

R
U

S 
PO

G
O

N
 I A

S 
G

W
'li IS

 
P

O
:J./, TO

M
us· 

SA
LT A

 TR IX
 

D
A

SY
t,T

IS 
SA

V
I 

S
C

 Y
 L

 I OR H
 I N

U
 5 

i-< E
 T

 I F
 £ i <

 
C

O
N

G
f~ 

O
C

E
A

N
IC

U
S 

R
 ~i I N

O
P T

l: r~A 
B

o.·~A
S

U
 s 

TA
U

TO
G

O
LA

H
R

U
S 

A
9S

P
E

R
S

U
S

 
C

M
~ C

H
A

 R
H

 I i\JU
5 

O
B

SC
 U

R
U

S
 

L
E

P
O

P
H

IJIU
~

 
C

E
R

V
I~U

V
 

C
Y

N
O

SC
IO

N
 

R
E

G
A

L
lS 

M
I tR

JG
O

~
 I u

s 
T

 tiA
LA

 ss I ;~us. 
C

 I T
 H

 1\ R
 I C

H
 T

 H
Y

 S 
A

rK
 T

 I F r~ 0 \ S 
~E

L
A

N
O

G
R

A
~~us 

hE
G

L
~

F
l~

U
S

 
M

Y
O

X
O

C
EPH

A
LU

S 
0C

T
0D

~
C

E
~

S
P

I~
G

S
U

S
 

M
E

N
T

IC
IR

R
rlU

S 
5A

X
A

T
IL

IS
 

. 
A

ST
R

O
SC

O
PU

S 
G

U
T

T
A

T
U

S 
A

LU
TER

A
 

SC
H

O
E

PF! 
O

R
TH

O
PR

 IS
 T

IS
 

(Hf-<Y SO
PT

E
~U

S 
M

O
N

A
C

A
~TH

U
S 

H
IS

P
I~

U
S

 
C

E
~

T
R

C
P

R
IS

T
E

S
 

P
H

IL
A

~E
L

P
~IC

U
5 

TR
A

C
H

U
R

U
S 

L
A

T
H

A
~I 

D
E

C
A

PT
E

R
U

S 
P

u\C
T

A
T

U
S

 
C

 /H
 C

 H
A

R
 H

 I N
 U

 5 
i'·i I L

 B
 t 

1~ T
 1 

C
A

R
C

.,A
R

 I A
S 

T
 A

u
rw

s
 

H
 E

 'I. I T
 R

 I P
 T

 E
 :~ 0 S 

J\ -.~ F
 :< I CA '-::JS

 
E

 T
 ~
 G

 P
 U

S
 

. ., I C
 .~ J S

 7 ~
 ·•· u S

 
LA

G
O

C
EPH

A
LU

S 
L

A
tV

IG
A

T
U

S 
M

E
N

 T
IC

 I f~RH
U

S 
A

 '•lE .~ I C
A

1'W
S

 
O

A
SY

A
T

IS 
A

V
E

R
IC

~N
A

 
SC

O
M

B
ER

O
~O

R
U

S 
V

~C
U

L
A

T
U

S 
G

Y
~

N
U

R
A

 
A

LTA
V

ELA
 

PR
IO

N
O

T
U

S 
A

L
A

T
0S 

LE I O
ST O

 '"1 lJ S 
X

 A·-.. i HU R
 U

S 
C

H
IL

O
~Y

C
T

E
R

U
S 

S
C

H
O

E
P

F
I 

TA
U

TO
G

A
 

O
N

IT
IS

 
P

R
IS

T
IP

O
~

O
IJE

S
 

A
N

D
E

R
SO

~I 
U

R
O

PH
Y

C
IS 

T
E

N
U

IS 
R

A
JA

 
O

C
ELLA

TA
 

G
L

Y
PlO

C
E

PH
A

L
U

S 
C

Y
N

O
G

LO
SSU

S 



-
;J

 
-

w
as 

446 
pounds 

p
er h

o
u

r. 
T

he 
la

rg
e
st catch

 w
as 

2600 
p

o
u

n
d

s, 
5 catch

es 

?
'\ 

w
ere betw

een 1000 and 
2000 

p
o

u
n

d
s, 

and 
6 w

ere 
betw

een 
500 and 1000 

p
o

u
n

d
s. 

STR
IPED

 
SEA

RO
BIN

 

T
he 

strip
e
d

 searo
b

in
 had ap

p
ro

x
im

at~
ly

 th
e 

sam
e 

d
istrib

u
tio

n
 

as 
th

e n
o

rth
ern

 se
a
ro

b
in

, 
b

u
t w

as 
m

uch 
le

ss ab
u

n
d

an
t. 

T
he 

av
erag

e 

catch
 in

 
39 

tow
s w

as 
8 

pounds 
and 

th
e 

la
rg

e
st catch

 w
as 

140 p
o

u
n

d
s. 

SIL
V

E
R

 H
A

K
E~ 

S
ilv

e
r h

ak
e 

(w
h

itin
g

) o
ccu

rred
 

th
ro

u
g

h
o

u
t th

e 
sam

p
lin

g
 area 

b
u

t no 
sig

n
ific

a
n

t co
n

cen
tratio

n
s w

ere fo
u

n
d

. 
T

he 
la

rg
e
st catch

 w
as 

20 

p
o

u
n

d
s. 

T
em

p
eratu

re ran
g

e w
as 

5 to
 

2
1

° C
 (4

1
 to

 
7

0
°F

). 

SPO
TTED

 HAKE 

O
ccu

rrin
g

 a
t 

6
0

 
sta

tio
n

s 
th

ro
u

g
h

 a 
d

ep
th

 
ran

g
e o

f 
6 

to
 

73 

fath
o

m
s, 

th
e 

sp
o

tte
d

 h
ak

e w
as 

th
e m

ost fre
q

u
e
n

tly
 cau

g
h

t sp
e~

ies. 

A
bout 

25%
 o

f 
th

e
·c

a
tc

h
e
s w

ere o
f 

10 pounds 
o

r m
ore. 

T
he 

la
rg

e
st catch

. 

w
as 

63 
p

o
u

n
d

s. 
T

em
p

eratu
re 

ran
g

e w
as 

6 
to

 
21°C

 
(4

3
 
to

 
70° F

). 

SQ
U

IRREL HAKE 

S
q

u
irre

l h
ak

e 
(red

 h
ak

e) 
o

ccu
rred

 
in

 
27 

sam
ples 

from
 d

ep
th

s 

o
f 

15 
to

 
70 

fathom
s 

n
o

rth
 o

f 
3

6
° N

. 
T

h
is 

sp
e
c
ie

s 
p

re
fe

rs 
co

o
l w

ater 

and 
ra

re
ly

 is
 

cau
g

h
t w

here 
th

e 
tem

p
eratu

re 
ex

ceed
s 

1
2

° C
 (5

4
°F

). 
T

he 

la
rg

e
st catch

 w
as 

3
8

 
p

o
u

n
d

s; 
sev

en
 catch

es· exceeded 1
0

 pounds. 

SP
IN

Y
 D

<X
;FISH

 

Y
oung 

sp
in

y
 d

o
g

fish
 o

ccu
rred

 
in

 24 sam
p

les.fro
m

 a 
d

ep
th

 

ran
g

e o
f 

9 to
 

73 
fathom

s 
and 

a 
tem

p
eratu

re 
ran

g
e o

f 
5 

to
 1

5
° C

 (41 
to

 

5
9

° F
). 

N
one 

w
ere 

cau
g

h
t so

u
th

 o
f 

3
7

° N
. 

T
he 

la
rg

e
st catch

 w
as 

304 

pounds 
b

u
t m

ost w
ere o

n
ly

 1 
to

 
3 p

o
u

n
d

s. 
A

lthough a
d

u
lts a

re
 abundant_ 

in
 th

e w
in

te
r, 

th
ey

 do 
not. o

ccu
r in

 th
e 

sam
p

lin
g

 area 
in

 sum
m

er. 
· 

· · 
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PHA~E 
9 

SM
OOTH 

D
O

G
FISH

 

Sm
ooth 

d
o

g
fish

 w
ere 

cau
g

h
t a

t 8 sta
tio

n
s 

n
o

rth
 from

 
36° 4

0
' 

and 
betw

een 
9 and 

20 
fath

o
m

s. 
T

he 
la

rg
e
st catch

 w
as 

180 
p

o
u

n
d

s. 
T

em
pera

tu
re

 
ran

g
e w

as 
1

1
 to

 
21° 

C
 (5

2
 
to

 
7

0
°F

). 

ATLANTIC 
ANGEL 

SHARK 

T
he 

an
g

el sh
ark

 w
as 

cau
g

h
t in

 18 sam
p

les. 
A

d
u

lts w
ere n

o
rth

 

o
f 

36 ° N
., 

b
u

t young 
w

ere 
cau

g
h

t a
t th

e
 

so
u

th
ern

 edge o
f 

o
u

r sam
p

lin
g

 

a
re

a
. 

D
epth 

ran
g

e w
as 

8 
to

 
41 

fathom
s 

and 
tem

p
eratu

re 
ran

g
e w

as 
10 

to
 

26° C
 (SO

 
to

 
79° F

). 
T

he 
la

rg
e
st catch

 w
as 

90 
pounds • 

. CLEA
RN

O
SE 

SK
A

TE 

In
 38 

sam
ples 

from
 d

ep
th

s o
f 

6 
to

 
41 fath

o
m

s 
clearn

o
se 

sk
a
te

s w
ere 

cau
g

h
t. 

T
em

p
eratu

re 
ran

g
e w

as 
8 

to
 

26° C
 (4

6
 

-
79° F

). 

T
he 

la
rg

e
st q

u
a
n

titie
s w

ere 
cau

g
h

t betw
een 

3
6

°.N
 and 

3
7

° 
3

0
' 

N
in

 

tem
p

eratu
res o

f 
19 

to
 

21° C
 (6

6
 

-
7

0
°.F

) and d
ep

th
s 

o
f 

9 to
 11 fath

o
m

s. 

T
he 

la
rg

e
st catch

 w
as 

400 
p

o
u

n
d

s. 
A

t 
5 sta

tio
n

s 
th

e 
catch

 w
as 

betw
een 

100 and 
400 

p
o

u
n

d
s. 

T
he 

av
erag

e catch
 o

f 
th

is 
sp

ecies in
 th

e 
38 

sam
ples 

co
n

tain
in

g
 it w

as 
70 

p
o

u
n

d
s. 

L
IT

T
L

E
 

SK
A

TE 

T
he 

little
·s

k
a
te

 w
as 

rep
resen

ted
 
in

 
36 

sam
ples 

from
 

a 
d

ep
th

 

ran
g

e o
f 

9 
to

 
41 

fathom
s 

and a 
tem

p
eratu

re 
ran

g
e 

o
f 

5 to
 1

9
° C

 (41 
-

6
6

° F
). 

T
he 

la
rg

e
st catch

 w
as 

69 
p

o
u

n
d

s; 
th

e av
erag

e catch
 w

as 
11 

p
o

u
n

d
s. 

R
O

SETTE.SK
A

TE 

T
he 

ro
se

tte
 sk

a
te

 in
h

a
b

its d
eep

er and 
c
o

o
le

r w
ater th

an
 th

e 

p
reced

in
g

 tw
o 

sp
e
c
ie

s. 
I
t w

as 
cau

g
h

t in
 17 tow

s 
from

 d
ep

th
s 

o
f 18 to

 

73 fath
o

m
s 

and 
tem

p
eratu

res 
o

f 
6 to

 1
7

° C
 (4

3
 

-
63° F

). 
'Ihe 

la
rg

e
st 

catch
 w

as 
69 

pounds 
and 

th
e av

erag
e catch

 w
as 

1
0

 p
o

u
n

d
s. 
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PHASE 
9 

BU
LLN

O
SE 

RAY 

A
n 

av
erag

e o
f 

100 
pounds 

o
f 

b
u

lln
o

se ray
s w

as 
cau

g
h

t a
t 8 

sta
tio

n
s. 

D
epth ran

g
e w

as 
8 

to
 19 fath

o
m

s 
and 

th
e
 tem

p
eratu

re ran
g

e 

w
as 

12 
to

 
20° C

 (54 -
68° F

). 
T

he 
la

rg
e
st catch

 w
a.s 

300 
p

o
u

n
d

s. 

T
h

is 
sp

ecies w
as 

n
o

t cau
g

h
t so

u
th

 o
f 

36° 
3

0
'. 

RO
UG

H
TAIL 

STING
RAY 

A
lthough 

o
n

ly
 56 

ro
u

g
h

ta
il 

stin
g

ra
y

s w
ere 

cau
g

h
t a

t 14 

sta
tio

n
s, 

th
e
ir la

rg
e
 
siz

e
 m

ade 
th

e 
catch

 sig
n

ific
a
n

t. 
T

he 
av

erag
e 

catch
 w

as 
255 

pounds 
and 

th
e 

la
rg

e
st catch

 w
as 

1000 
pounds. 

D
epth 

ran
g

e w
as 

9 
to

 
41 fath

o
m

s; 
tem

p
eratu

re 
ran

g
e 

6 
to

 
21 ° C

 ( 43 
-

70 ° .F
). 

G
O

O
SEFISH

 
. 

In
 w

in
te

r g
o

o
sefi~

h
 

co
m

p
rised

 a 
sig

n
ific

a
n

t p
o

rtio
n

 o
f 

th
e 

c
a
tc

h
, 

b
u

t in
 sum

m
er o

n
ly

 young 
w

ere 
cau

g
h

t. 
T

he 
la

rg
e
st catch

 o
f 

th
e 

37 
co

n
tain

in
g

 
th

is 
sp

ecies w
as 

33 
pounds. 

D
epth 

ran
g

e w
as 

15 

to
 

73 
fath

o
m

s 
and 

tem
p

eratu
re ran

g
e 

5 to
 1

4
° C

 (4
1

 
-

57° F
). 

G
oose

fish
 

w
ere 

cau
g

h
t o

n
ly

 n
o

rth
 

o
f 

36° N
 la

titu
d

e
. 

W
IN

TER FLOUNDER 

W
in

ter flo
u

n
d

er 
(b

lack
b

ack
) o

ccu
rred

 in
 d

ep
th

s 
o

f 
12 

to
 

37 
fathom

s 
as 

fa
r 

so
u

th
 as 

3
6

° 2
0

'. 
H

ow
ever, 

a
ll catch

es 
o

f 
10 

pounds 
o

r m
ore 

w
ere 

in
 d

ep
th

s g
re

a
te

r th
an

 
20 

fathom
s 

and 
n

o
rth

 
o

f 

37° SO
' 

w
here 

tem
p

eratu
res w

ere 
5 to

 6
° C

 (41 -
43° F

). 
T

he 
la

rg
e
st 

catch
 w

as 
95 

p
o

u
n

d
s. 

FO
U

RSPO
T FLOUNDER 

A
lthough it o

ccu
rred

 in
 ab

o
u

t h
a
lf 

o
f 

th
e 

sam
p

les, 
th

e 

fo
u

rsp
o

t w
as 

n
ev

er ab
u

n
d

an
t. 

T
he 

la
rg

e
st catch

 w
as 

22 
pounds. 

D
epth 

ran
g

e w
as 

12 
to

 
73 

fath
o

m
s, 

and 
tem

p
eratu

re 
ran

g
e w

as 
5 to

 1
4

° C
 

( 4
1

 
-

5 7 ° F
). 
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-
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PHASE 

~
 

Y
ELLO

W
TA

IL 
FLO

U
N

D
ER 

/ 
T

he 
d

istrib
u

tio
n

 o
f 

th
e y

e
llo

w
ta

il w
as 

sim
ila

r to
 th

a
t o

f 

th
e
 w

in
te

r flo
u

n
d

er. 
Y

ello
w

tails w
ere 

tak
en

 a
t 12 

sta
tio

n
s 

n
o

rth
. o

f 

37° 
2

0
' 

in
 d

ep
th

s 
o

f 
17 to

 
34 fath

o
m

s. 
T

em
p

eratu
re 

ran
g

e w
as 

5 to
 

7° C
 

(4
1

 -
45° F

). 
T

he 
la

rg
e
st catch

 w
as 

36 
p

o
u

n
d

s. 

W
INDOW

PANE 
FLO

U
N

D
ER 

T
he 

w
indow

pane 
flo

u
n

d
er 

(d
a
y

lig
h

t) w
as 

cau
g

h
t a

t n
~

arly
 

ev
ery

 sta
tio

n
 sh

o
a
le

r th
an

 
30 fath

o
m

s, 
b

u
t it w

as 
n

ev
er cau

g
h

t 
in

 

q
u

a
n

tity
. 

T
he 

la
rg

e
st catch

 w
as 

42 
pounds 

an
d

,6
 

catch
es w

ere 
o

f 10 

pounds 
o

r m
ore. 

O
C

EA
N

 
PO

U
T T

he 
o

cean
 p

o
u

t w
as 

scarce and 
o

ccu
rred

 o
n

ly
 n

o
rth

 from
 

37° 

5
5

'. 
T

he 
d

ep
th

 
ran

g
e w

as 
15 

to
 

40 
fathom

s 
and 

th
e 

tem
p

eratu
re 

ran
g

e 

w
as 

5 to
 1

4
° C

 (41 
-

57° F
). 

T
he 

la
rg

e
st catch

 w
as 

4 pounds. 

NORTHERN 
PU

FFER
 

T
he 

n
o

rth
ern

 p
u

ffe
r 

(sw
e
llfish

) w
as 

cau
g

h
t a

t 21 
sta

tio
n

s 

th
ro

u
g

h
 a 

d
ep

th
 

ran
g

e o
f 

6 
to

 
41 

fathom
s 

and 
a 

tem
p

eratu
re 

ran
g

e o
f 

12 

to
 

26° C
 ( 

54 
-

79° F
). 

T
he 

la
rg

e
st catch

 w
as 

129 lb
s. 

BLACK 
SEA

BA
SS 

A
lthough 

b
lack

 s.eabass w
ere 

cau
g

h
t a

t 34 
sta

tio
n

s 
th

ey
 w

ere 

n
o

t ab
u

n
d

an
t. 

T
he 

la
rg

e
st catch

 w
as 

1
7

 pounds. 
O

nly one w
as 

cau
g

h
t 

in
 w

ater d
eep

er th
an

 
25 

fath
o

m
s. 

T
em

p
eratu

re 
ran

g
e w

as 
8 

to
 

26° C
 

(46 
-

79° 
F

) 
and 

la
titu

d
in

a
l ran

g
e w

as 
th

ro
u

g
h

o
u

t th
e 

sam
p

lin
g

 
a
re

a
. 

SCU
P 

S
m

all scu
p

 w
ere ·cau

g
h

t a
t 

23 
sta

tio
n

s, 
a
ll b

u
t 2 sh

o
a
le

r 

th
an

 20 
fath

o
m

s, 
b

u
t a

d
u

lts w
ere 

sc
a
rc

e
. 

T
em

p
eratu

re ran
g

e w
as 

12 

--
to 

26° C
 (54 

-
79° F

). 

9 



-
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-
0HASE 
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~
. 

B
U

TTER
FISH

 
/ 

--· 

N
o

rth
 from

 
37° N

in
 w

ater sh
o

a
le

r .th
an

 20 
fathom

s 
young 

b
u

tte
rfish

 w
ere num

erous. 
W

ith 
th

e 
ex

cep
tio

n
 o

f 
tw

o 
catch

es 
(1024 

pounds 
and 

775 
p

o
u

n
d

s) a
d

u
lts w

ere 
sc

a
rc

e
. 

D
epth 

ran
g

e o
f 

th
e 

46 

catch
es 

co
n

tain
in

g
 
b

u
tte

rfish
 w

as 
6 

to
 

73· fath
o

m
s. 

T
em

p
eratu

re ran
g

e 

w
as 

6 
to

 
26° C

 (43 
-

79° F
). 

SU
M

M
ER

 
FLO

U
N

D
E

R
 

Sum
m

er flo
u

n
d

er 
(flu

k
e
) w

ere 
cau

g
h

t a
t 

32 
sta

tio
n

s o
u

t 

to
 
th

e 
20 

fathom
 cu

rv
e. 

A
lthough 

a 
few

 
w

ere 
cau

g
h

t in
 th

e 
so

u
th

ern
m

o
st 

p
o

rtio
n

 o
f 

th
e a

re
a
, 

a
ll catch

es o
f 

10 
pounds 

o
r m

ore 
w

ere n
o

rth
 o

f 

36 ° 
3

0
'. 

T
he 

la
rg

e
st catch

 w
as 

45 
pounds 

p
e
r h

o
u

r. 
T

em
p

eratu
re 

ran
g

e w
as 

8 
to

 
26° 

C
 (4

6
-7

9
° F

). 

A
TLA

N
TIC 

CRO
A

K
ER 

. 

C
ro

ak
er o

ccu
rred

 o
n

ly
 in

 
re

la
tiv

e
ly

 w
arm

 w
ater 

(1
7

-2
4

° C
, 

63 
-

7
5

° F
) o

f 
1

5
 fathom

s 
o

r le
ss. 

T
he 

la
rg

e
st catch

 w
as. 4

7
 p

o
u

n
d

s. 

H
alf 

o
f 

th
e 12 

catch
es 

co
n

tain
in

g
 cro

ak
er w

ere o
f 

10 
pounds 

o
r m

ore. 

0 
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PRELIM

IN
A

RY
 C

R
U

ISE SUM
M

ARY 
A

V
A

ILA
B

ILITY
 AND D

ISTR
IB

U
TIO

N
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BEN
TH

IC 
FISH

ES 
OF 

CH
ESA

PEA
K

E 
BIG

H
T 

FA
LL 1967 

B
y 

JA
CK

SO
N

 D
A

V
IS 

V
IR

G
IN

IA
 

IN
STITU

TE OF M
ARINE SC

IEN
C

E 

G
LO

U
CESTER PO

IN
T, 

V
IR

G
IN

IA
 

A
PR

IL 4
, 

1968 

A
N

 
IN

TER
IM

 REPO
RT O

F PRO
G

RESS 
OF 

PR
O

JEC
T 

3-5-D
 UNDER 

PL 88-309 



2 
-

PHASE 
:9 

T
he 

fa
ll c

ru
ise

 o
f 1967 ex

ten
d

ed
 fro

m
 m

id-N
ovem

ber 
to

 m
id

D
ecem

ber. 
T

he 
av

erag
e 

catch
 
ra

te
 o

f 
tra

sh
 fish

 a
t 65 

sta
tio

n
s w

as 

1930 pounds 
p

er h
o

u
r. 

T
he m

ost p
ro

d
u

ctiv
e area w

as 
from

 20 
o

r 25 

fath
o

m
s o

u
t to

 th
e
 100 fathom

 cu
rv

e 
(T

ab
le 1

). 
F

ig
u

re 1 
in

d
ic

a
te

s 

th
e catch

 a
t each sta

tio
n

. 
G

ear and 
s·am

pling 
p

ro
ced

u
re a

lso
 w

ere 
th

e 

sam
e 

as in
 p

rev
io

u
s c

ru
ise

s,a
s w

as 
th

e ·area 
co

v
ered

. 

T
ab

le 
2 lis

ts
 
th

e sta
tio

n
s in

 o
rd

e
r o

f d
ecreasin

g
 

catch
 o

f 

tra
sh

 fish
 and a

lso
 g

iv
es 

th
e 

tem
p

eratu
re and 

sa
lin

ity
 o

f 
th

e
 b

o
tto

m
 

w
ater and 

th
e
 p

o
sitio

n
 and d

ep
th

 o
f 

each
 sta

tio
n

 •. 

A
 sum

m
ary o

f th
e
 d

istrib
u

tio
n

 o
f each

.sp
ecies o

f 
p

o
te

n
tia

l 

com
m

ercial im
p

o
rtan

ce is
 p

resen
ted

 b
elo

w
. 

S
p

ecies o
f 

in
sig

n
ific

a
n

t 

com
m

ercial p
o

te
n

tia
l in

 fa
ll a

re
 lis

te
d

 in
 T

ab
le 

3 arrl 
a
re

 n
o

t d
is

cu
ssed

 in
 th

is 
re

p
o

rt. 

NORTHERN SEA
RO

BIN
 

T
he 

second m
ost ab

u
n

d
an

t fish
 

d
u

rin
g

 fa
ll w

as 
th

e n
o

rth
ern

 

searo
b

in
. 

T
he 

av
erag

e catch
 in

 39 
tow

s w
as 

ab
o

u
t 330 

p
o

u
n

d
s. 

T
he 

g
re

a
te

st co
n

cen
tratio

n
 w

as 
n

o
rth

 o
f 

36° 
3

0
' 

betw
een th

e
 d

e
p

th
s.o

f 
20 

and 
55 

fath
o

m
s. 

Th~ 
la

rg
e
st catch

 w
as 

3762 
pounds. 

T
hree catch

es 

w
ere 

betw
een 1000 and 

2000 
pounds 

and 
4 w

ere 
betw

een 500 
and 1000 

p
o

u
n

d
s. 

T
em

p
eratu

re ran
g

e w
as 

9 to
 19°C

 
(4

8
° 

-
66° F

). 

STR
IPED

 SEA
RO

BIN
 

T
he 

strip
e
d

 searo
b

in
 o

ccu
rred

 in
 n

e
a
rly

 as m
any 

sam
p

les as 

d
id

 
th

e
 n

o
rth

ern
 searo

b
in

, 
b

u
t w

as 
n

o
t as ab

u
n

d
an

t. 
T

he 
la

rg
e
st 

catch
 w

as.118 pounds. 
A

ll o
th

e
rs w

ere 
30 

pounds 
o

r le
ss. 

D
epth 

ran
g

e w
as 

6 
to

 
53 

fathom
s 

and 
tem

p
eratu

re ran
g

e 9 to
 1

9
° C

 (4
8

° 
-

~
~
 

66° F
). 

--/ 
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PHASE 
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T
ab

le 1
. 

A
verage catch

 
(in

 pounds) o
f tra

sh
 fish

 
p

er h
o

u
r of. tow

 in
 

each
 la

titu
d

e
 and d

ep
th

 
ran

g
e 

-
fa

ll 1
9

6
7

. 

D
epth 

35 ° 
3

6
° 

37° 
38° 

0
-9

 
798 

746 
724 

1
0

-1
9

 
1

,1
5

8
 

960 
576 

2
,6

0
1

 

2
0

-2
9

 
4

,2
9

8
 

2
,2

8
4

 
1

,9
9

7
 

3
0

-3
9

 
1

1
,0

7
5

 
1

,5
5

8
 

2
,7

7
1

 

40-49 
1

,7
3

1
 

540 
2

,7
2

1
 

50-59 
731· 

664 

6
0

-6
9

 
1

,1
4

0
 

7
0

-7
9

 
1

,9
8

4
 

8
0

-8
9

 
1

4
,9

1
0

 
374 

9
0

-9
9

 
365 

1
,9

9
7

 

1
0

0
-1

0
9

 
812 

877 
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ig
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. · C
atch

 
o

f 
tra

s
h

 fis
h
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e
r h

o
u

r o
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tra
w

lin
g

, 
f
a
ll 

1
9

6
7
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 C
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in
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ab
o

u
t 17 cm

 
(6

.7
 in

ch
es).lo

n
g

. 
C

od 
w

ere feed
in

g
 on th

e m
enhaden and 

m
any o

f o
u

r specim
ens w

ere o
b

tain
ed

 from
 

th
e stom

achs o
f 

co
d

. 
W

e 

c
o

lle
c
te

d
 263 

specim
ens from

 12 
sta

tio
n

s. 
T

em
peratures ranged from

 

3 to
 1

1
° c. 

M
enhaden w

ere n
o

t cau
g

h
t in

 th
e w

in
ter o

f 1967. 

NORTHERN SEA
RO

BIN
 

A
t 

20 
sta

tio
n

s th
e n

o
rth

ern
 searo

b
in

 o
ccu

rred
. 

D
epth ran

g
e 

w
as 

14 to
 66 

fathom
s 

b
u

t catch
es in

 ex
cess o

f 100 pounds 
w

ere· in
 th

e 

ran
g

e o
f 

20 
to

 50 
fathom

s 
and a

t tem
p

~
ratu

res o
f 

8 to
 1

1
° C

 (46 
-

52° F
) 

n
o

rth
 o

f 
36° 50

1
• 

T
he 

la
rg

e
st catch

 w
as 

2800 
pounds; 

one o
th

e
r catch

 

exceeded 1000 pounds, 
and 

4 catch
es ranged betw

~
en 100 and 1000 pounds.· 

STR
IPED

 SEA
RO

BIN
 

S
trip

ed
 searo

b
in

 o
ccu

rrin
g

 a
t 15 

sta
tio

n
s w

ere, 
as 

u
su

al, 

le
ss ab

u
n

d
an

t th
an

 th
e n

o
rth

ern
 robin.. 

D
epth 

ran
g

e w
as 

19 
to

 62 

fathom
s 

and 
tem

p
eratu

re ran
g

e 6 to
 1

8
° C

 (43 -
64° F

). 
T

he 
la

rg
e
st 

• 
catch

 w
as 

1300 pounds; 
one w

as 
400, 

and 
th

e rem
ain

d
er w

ere in
sig

n
i

fic
a
n

t. 

SILV
ER

 HAKE Y
oung 

silv
e
r hake o

ccu
rred

 in
 w

ater sh
o

aler th
an

 30 
fathom

s 

b
u

t a
d

u
lts w

ere cau
g

h
t in

 ap
p

reciab
le q

u
a
n

titie
s o

n
ly

 in
 w

ater d
eep

er 

th
an

 30 
fath

o
m

s, 
w

ith
 th

e g
re

a
te

st co
n

cen
tratio

n
s b

ein
g

 betw
een 70 

and 100 fathom
s 

a
t tem

p
eratu

res o
f 

9 to
 1

0
° C

 (48 
-

50° F
). 

'lhe la
rg

e
st 

catch
 w

as 
570 

pounds. 
F

iv
e o

f 
45 

catch
es exceeded 100 pounds. 

SPO
TTED

 HAKE 
. 

. 

T
he 

sp
o

tted
 hake o

ccu
rred

 th
ro

u
g

h
o

u
t th

e ran
g

e o
f d

ep
th

s 

and la
titu

d
e
s sam

pled b
u

t becam
e m

ore 
ab

u
n

d
an

t w
ith

 in
creasin

g
 d

ep
th

 • 
. 

T
he 

la
rg

e
st catch

 o
f 

200 
pounds w

as 
a
t 100 fath

o
m

s. 
O

ne 
o

th
e
r catch
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exceeded 100 pounds and 
6 w

ere 
betw

een 50 
and 100 pounds. 

T
em

pera

tu
re

 ran
g

e o
f 

th
e 37 

sta
tio

n
s 

co
n

tain
in

g
 

sp
o

tted
 hake w

as 
3 to

 

1
1

° C
 (37 -

52° F
). 

RED HAKE 

O
ccu

rrin
g

 in
 51 

sam
p

les, 
th

e red
 hake 

(sq
u

irre
l h

ak
e) w

as 

th
e second m

ost w
id

ely
 d

istrib
u

te
d

 fish
. 

I
t w

as 
cau

g
h

t a
t a

ll d
ep

th
s 

and 
la

titu
d

e
s b

u
t a

ll catch
es o

f 
25 

pounds o
r m

ore w
ere in

 w
ater 

d
eep

er th
an

 25 
fathom

s 
and 

n
o

rth
 o

f 
36° 

2
0

' 
in

 tem
p

eratu
res o

f 
6 to

 

1
1

° C
 (4

3
° -

5
2

°F
). 

T
he 

la
rg

e
st catch

 w
as 

1056 pounds. 
F

iv
e a

d
d

itio
n

a
l 

catch
es exceeded 100 

pounds. 

W
HITE HAKE A

lthough th
e w

h
ite h

ak
e is

 a 
n

o
rth

ern
 sp

ecies, 
a 

few
 w

ere 

caught as fa
r south as 

35° 20' 
N

, 
D

epth 
range w

as 
15 

to
 150 fathom

s 

and 
th

e 
tem

p
~

ratu
re ran

g
e 6 to

 1
8

° C
 (43 

-
64° F

). 
1he la

rg
e
st o

f th
e 

,/"
 

24 cp
tch

es o
f th

is sp
ecies w

as 
24 pounds. 

CH
A

IN
 D

O
G

FISH
 

A
 deep w

ater sp
ecies o

f little
 im

p
o

rtan
ce, 

th
e ch

ain
 dog

fish
 w

as 
cau

g
h

t a
t 10 sta

tio
n

s o
f 

55 
to

 150 fathom
s and a

t tem
p

era

tu
re

s o
f 

8 to
 11° C

 (46 
-

52°· F
). 

T
he 

la
rg

e
st catch

 w
as 

12 pounds. 

SPIN
Y

 D
O

G
FISH

 

T
he 

m
ost abundant fish

 w
as 

ag
ain

 th
e sp

in
y

 d
o

g
fish

. 
I
t w

as 

cau
g

h
t a

t a
ll sta

tio
n

s ex
cep

t 6 and 
com

prised 
77%

 by w
eig

h
t o

f th
e 

to
ta

l catch
. 

A
lthough 

sp
in

y
 d

o
g

fish
 o

ccu
rred

 th
ro

u
g

h
o

u
t th

e sam
pling 

a
re

a
, 

th
ey

 w
ere som

ew
hat m

ore 
abundant so

u
th

 o
f 

37° th
an

 elsew
h

ere. 

D
epth ran

g
e o

f g
re

a
te

st co
n

cen
tratio

n
 w

as 
15 

to
 40 

fath
o

m
s, 

and 
th

e 

tem
p

eratu
re ran

g
e 6

,to
 1

1
° C

 
(43 -

52° F
). 

'!he 
av

erag
e catch

 w
as 

1970 pounds. 
T

he 
la

rg
e
st catch

 w
as 

28,000 pounds. 
F

our catch
es w

ere 

betw
een 1

0
,0

0
0

 and 
20,000 pounds and 

3 w
ere 

betw
een S

,0
0

0
 and 1

0
,0

0
0

.· 



-
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CLEARNOSE 
SKATE 

C
learn

o
se sk

ate w
ere 

cau
g

h
t a

t 
22 sta

tio
n

s ran
g

in
g

 in
 d

ep
th

 

from
 1

4
 to

 
6

6
 fath

o
m

s. 
T

he 
la

rg
e
st catch

 w
as 

200 pounds. 
O

ne 

catch
 exceeded 1

5
0

 pounds, 
and a

ll o
th

e
rs w

ere le
ss th

an
 1

0
0

 pounds. 

T
em

perature ran
g

e w
as 

5 
to

 1
8

° C
 (4

1
 

-
6

4
° F

). 

LI.TTLE 
SKA TE 

'!he little
 sk

ate w
as 

cau
g

h
t in

 3~ 
sam

ples in
 th

e d
ep

th
 

ran
g

e o
f 

8 to
 

47 fathom
s n

o
rth

 o
f 

36° 
1

5
1 

N
. 

T
he 

la
rg

e
st catch

 w
as 

270 pounds. 
F

our catch
es w

ere betw
een 1

0
0

 and 
250 pounds. 

T
he 

av
erag

e catch
 w

as 
ab

o
u

t 
50 pounds. 

T
em

perature ran
g

e w
as 

2 
to

 1
1

° C
 

(3
6

 
-

5
2

° F
), 

b
u

t catch
es ex

ceed
in

g
 1

0
0

 pounds w
ere a

t 6
° o

r w
arm

er. 

W
IN

TER 
S

K
A

TE
 

'!he w
in

ter sk
ate o

ccu
rred

 in
 20 sam

ples from
 th

e co
ld

 sh
allo

w
 

w
ater. 

D
epth ran

g
e w

as 
7 to

 
36 fath

o
m

s, 
and 

tem
p

eratu
re ran

g
e w

as 

2 to
 

8
° C

 (3
6

 ·-
4

6
° F

). 
T

he 
la

rg
e
st catch

 w
as 

55 
pounds._ 

T
he 

av
erag

e 

w
as 

2
2

. 

RO
SETTE SKATE 

A
 sp

ecies o
f deep w

ater, 
th

e ro
se

tte
 sk

ate w
as 

cau
g

h
t a

t 

1
4

 sta
tio

n
s ran

g
in

g
 in

 d
ep

th
 from

 
37 

to
 

1
0

2
 fathom

s 
a
t tem

p
eratu

res 

o
f 

8 
to

 1
1

° C
 (4

6
 

-
5

2
° F

). 
T

he 
la

rg
e
st catch

 w
as 

1
8

 pounds. 

G
O

O
SEFISH

 A
ltho~

gh th
ey

 w
ere 

scarce in
 o

th
e
r seaso

n
s, 

la
rg

e
 g

o
o

sefish
 

o
ccu

rred
 th

ro
u

g
h

o
u

t th
e 

sam
pling area 

in
 w

in
ter. 

T
he 

av
erag

e catch
 

o
f th

is sp
ecies a

t 
5

4
 sta

tio
n

s w
as 

90 
pounds. 

T
he 

la
rg

e
st catch

 w
as 

550 pounds. 
A

t 9 sta
tio

n
s th

e catch
 exceeded 100 pounds. 

D
epth ran

g
e 

w
as 

8 
to

 1
5

0
 fath

o
~

s 
and 

tem
p

eratu
re ran

g
e 

2 to
 1

1
° c. 

{3
6

 
-

5
2

° F
). 

W
IN

TER
 FLOUNDER 

T
he 

w
in

ter flo
u

n
d

er 
(black.back) o

ccu
rred

 a
t 

2
1

 sta
tio

n
s 



-
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n
o

rth
 o

f 
36° 

3
0

' 
b

u
t th

e la
rg

e
st catch

 w
as 

o
n

ly
 16 pounds. 

D
epth 

' 
~
 

ran
g

e w
as 

5 to
 26 

fathom
s and 

tem
p

eratu
re ran

g
e 2 to

 8° C
 (36 

-
46° F

). 

W
INDCM

PANE 
FLO

U
N

D
ER

 

A
lthough g

en
erally

 d
istrib

u
te

d
 in

 w
ater sh

o
aler th

an
 35 

fath
o

m
s, 

th
e w

indow
pane 

(d
ay

lig
h

t) flo
u

n
d

er w
as 

now
here ab

u
n

d
an

t. 
T

he 

la
rg

e
st catch

 o
f th

e
 42 

co
n

tain
in

g
 th

is 
sp

ecies w
as _124 

pounds. 
O

nly 

one o
th

e
r catch

 exceeded 50 
pounds. 

T
em

perature ran
g

e w
as 

2 to
 9° C

 · 

(36 
-

48 ° F
). 

FO
U

R
SPO

T 
FLO

U
N

D
ER

 

A
lthough d

istrib
u

te
d

 th
ro

u
g

h
o

u
t th

e sam
pling area 

in
 deep 

w
ater th

e fo
u

rsp
o

t h
as 

lim
ited

 p
o

te
n

tia
l b

ecau
se it o

ccu
rs in

.m
in

o
r 

q
u

a
n

tity
. 

T
he 

av
erag

e catch
 w

as 
n

ear 30 
pounds and 

th
e la

rg
e
st 

w
as 

190 pounds. 
D

epth ran
g

e w
as 

19 to
 102 fath

o
m

s. 
T

em
perature 

ran
g

e w
as 

6 to
 18° C

 (43 
-

64° F
). 

'!he g
re

a
te

st q
u

a
n

titie
s o

ccu
rred

 

n
o

rth
 o

f 
38° N

 and a
t d

ep
th

s g
re

a
te

r th
an

 40. fath
o

m
s. 

/
.
.
 

0Y
ELLC

M
TA

IL 
FLO

U
N

D
ER

 

Y
ello

w
tail flo

u
n

d
er o

ccu
rred

 in
 g

re
a
te

r q
u

a
n

tity
 in

 1968 

th
an

 in
 1967. 

T
he 

la
rg

e
st catch

 w
as 

700 
pounds and 

8 catch
es ranged 

betw
een 100 and 600 

pounds. 
D

epth 
ran

g
e w

as 
8 to

 
36 

fath
o

m
s. 

A
ll 

catch
es ex

ceed
in

g
 100 pounds 

w
ere a

t d
ep

th
s o

f 18 
to

 
33 

fathom
s 

n
o

rth
 o

f 
37° 3

0
' 

N
in

 tem
p

eratu
res cf 3 to

 
8° C

 (37 -
46° F

). 

W
iTCH. FLO

U
N

D
ER

 

T
he 

w
itch

 flo
u

n
d

er.w
as 

cau
g

h
t a

t 20 
sta

tio
n

s so
u

th
 to

 36° N
. 

'Ihe 
la

rg
e
st catch

 w
as 

117 pounds. 
Tw

o 
o

th
e
r catch

es exceeded 
50 

pounds. 

D
epth .ra,-ige w

as 
13 to

 150 fathom
s 

b
u

t th
e sp

ecies w
as 

ra
re

 in
 w

ater 

sh
o

aler th
an

 40 
fath

o
m

s. 
T

em
perature ran

g
e w

as 
5 to

 1
1

° C
 (41 -

52°F
). 

~
 

ALEW
IFE 

S
in

ce it is
 a 

p
elag

ic fish
, 

th
e alew

ife p
ro

b
ab

ly
 is

 n
o

t 

ad
eq

u
ately

 sam
pled by a 

bottom
 tra

w
l. 

A
lew

ife w
ere cau

g
h

t a
t 33 



-
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sta
ti9

n
s in

 a 
d

ep
th

 ran
g

e o
f 

5 to
 26 

fath
o

m
s. 

T
em

perature ran
g

e 

w
as 

2 to
 9

° C
 

~36 

pounds. 

BLUEBACK 

4
8

° F
). 

F
our catch

es w
ere betw

een 
SO

 
and 

100 

i 
T

he 
b

lu
eb

ack
. m

ig
rates n

o
rth

w
ard

 som
ew

hat la
te

r th
an

 th
e 

c
lo

se
ly

 re
la

te
d

 alew
ife and w

as 
cau

g
h

t a
t o

n
ly

 1
1

 sta
tio

n
s, a

ll sh
o

aler 

th
an

 30 
fath

o
m

s. 
T

he 
la

rg
e
st catch

 w
as 

178 p
o

u
n

d
s. 

A
ll o

th
ers 

co
n

tain
ed

 few
er th

an
 15 fis

h
.· 

T
em

perature ran
g

e w
as· 4 to

 1
1

° ·c 

(3
9

 
-

52 ° F
). 

A
TLA

N
TIC M

ACKEREL 

A
nother p

elag
ic fish

, 
th

e m
ack

erel, w
as 

cau
g

h
t a

t 22 

sta
tio

n
s from

 
th

ro
u

g
h

o
u

t th
e ran

g
e o

f d
ep

th
s and la

titu
d

e
s sam

pled. 

T
he fish

 w
ere m

ostly sm
all and 

w
ere in

 g
re

a
te

st abundance 
so

u
th

 of 

37° N
in

 d
ep

th
s o

f 15 
to

 30 
fath

o
m

s. 
T

em
perature ran

g
e w

as 
3 to

 

1
1

° C
 (37 -

5
2

°P
). 

'!he 
la

rg
e
st catch

 w
as 

121 pounds. 

ATLANTIC HERRING 

~
errin

g
 w

ere cau
g

h
t a

t 32 
sta

tio
n

s th
ro

u
g

h
o

u
t th

e p
o

rtio
n

 

o
f C

hesapeake B
ig

h
t sh

o
aler th

an
 30 

fath
o

m
s. 

T
em

perature ran
g

e w
as 

2 to
 

9
° C

 (3
6

 
-

4
8

° F
). 

T
he 

la
rg

e
st catch

 w
as 

279 pounds. 
P

ro
b

ab
ly

 

o
u

r tra
w

l sam
ples do 

n
o

t re
fle

c
t th

e tru
e
 d

istrib
u

tio
n

 o
f th

is p
elag

ic 

sp
e
c
ie

s. 

OCEAN 
POUT A

 n
o

rth
ern

 sp
ecies ex

ten
d

in
g

 so
u

th
.o

n
ly

 to
 3

7
°, 

th
e o

cean
 

p
o

u
t w

as 
cau

g
h

t in
 23 

to
w

s, 
a
ll b

u
t one in

sh
o

re o
f th

e 40 
fathom

 

cu
rv

e. 
T

em
perature raJ?.g.e 

w
as 

2 to
 10 ° C

 ( 36 
-

SO
° 

F
). 

'lhe la
rg

e
st 

catch
 w

as 
102 pound$.· 

LONGHORN SC
U

LPIN
 

N
orth o

f 
37° lo

n
g

h
o

rn
 scu

lp
in

 w
ere cau

g
h

t a
t 23 

sta
tio

n
s, 



,
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PHASE: 

a
ll sh

o
aler th

an
 30 fath

o
m

s. 
T

he 
la

rg
e
st catch

 w
as 

64 pour:ids. 
T

em
pera

tu
re

 ran
g

e w
as 

2 to
 9

° C
 (36 

-
48° F

). 

B
LA

C
K

 
S

E
A

B
A

S
S

. 

S
eem

ingly som
ew

hat m
ore ab

u
n

d
an

t th
an

 in
 1

9
6

7
, 

b
lack

 sea-

b
ass w

ere cau
g

h
t a

t 22 
sta

tio
n

s. 
T

he 
d

ep
th

 ran
g

e w
as 

1
4

 to
 150 fath

o
m

s, 

b
u

t th
e g

re
a
te

st co
n

cen
tratio

n
s w

ere 
in

 d
ep

th
s o

f 
50 

to
 

70 
fath

o
m

s. 

T
he 

la
rg

e
st catch

 w
as 

537 pounds. 
·N

early 25%
 o

f th
e catch

es o
f th

is 

sp
ecies exceeded 100 pounds. 

Y
oung 

w
ere 

ra
re

ly
 tak

en
. 

T
em

perature 

ran
g

e w
as 

6 to
 1

8
° C

 (43 
-

64°F
)o 

S
C

U
P

 

S
cup w

ere sc
a
rc

e
, 

o
ccu

rrin
g

 in
 o

n
ly

 13 sam
ple·s. 

D
epth 

. 
ran

g
e w

as 
19 to

 62 
fath

o
m

s; 
tem

p
eratu

re ran
g

e w
as 

7 to
 1

8
° C

 

(45 
-

64° F
). 

T
he 

la
rg

e
st catch

 o
f a

d
u

lts w
as 

54 
pounds. 

S
cup 

w
ere m

ore ab
u

n
d

an
t in· ·th

e w
in

ter o
f 1967. 

B
U

TTER
FISH

 B
u

tte
rfish

 w
ere g

e
n

e
ra

lly
 d

istrib
u

te
d

 o
u

tsid
e o

f th
e
 15· 

fathom
·· cu

rv
e b

u
t w

ere n
o

t cau
g

h
t in

 q
u

a
n

tity
. 

T
he· la

rg
e
st catch

 w
as 

170 pounds. 
T

em
perature ran

g
e w

as 
3 to

 1
8

° C
 (36 

-
64° F

). 

SU
M

M
ER

 
FLO

U
N

D
E

R
 

Sum
m

er flo
u

n
d

er 
(flu

k
e
) w

ere 
cau

g
h

t a
t 37 

sta
tio

n
s 

sp
an

n
in

g
 

a 
d

ep
th

 
ran

g
e o

f 
5 to

 150 fathom
s 

and a 
tem

p
eratu

re ran
g

e o
f 

4 to
 ll°C

 

(39 
-

52° 
F

); how
ever, 

th
e
ir g

re
a
te

st abundance w
as 

a
t 30 

to
 60 

fathom
s 

w
here tem

p
eratu

res w
ere 

7 to
 1

1
° C

 (45 
-

52° F
). 

T
he 

la
rg

e
st catch

 

w
as 

255 
pounds. 

COD 

In
sid

e
 o

f th
e 30 

fathom
 cu

rv
e and 

so
u

th
 to

 
35° 45

1 
N

 cod 

w
ere 

cau
g

h
t in

 sm
all num

bers 
a
t 21 

sta
tio

n
s. 

T
he 

av
erag

e catch
 w

as 



.-
1

4
 -

t'H
ASl: 

~ 

3 fish
 w

eighing ab
o

u
t 10 pounds 

each
. 

T
em

perature ran
g

e w
as 

2 to
 9° C

 

(3
6

 
-

48° F
). 

T
he 

la
rg

e
st catch

 w
as 

93 
pound~

. 
C

od 
w

ere m
ore 

abundant 

an
d

\ex
ten

d
ed

 fu
rth

e
r so

u
th

 th
an

 in
 1967. 

T
he 

econom
ic p

o
te

n
tia

l o
f 

\ ' 
cod 

in··C
hesapeake B

ig
h

t is
 sm

all. 
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PHASE 10 

CO
M

PILA
TIO

N
 O

F-R
ESU

LTS 

P
a
rt 1 

SEA
SO

N
A

L D
ISTR

IB
U

TIO
N

 O
F 

FISH
ES 

OF 
PO

TEN
TIA

L 

IN
D

U
STRIA

L 
USE IN

 CH
ESA

PEA
K

E BIG
H

T 

B
y 

JA
CK

SO
N

 D
A

V
IS 

V
IR

G
IN

IA
 

IN
STITU

TE O
F M

ARINE SC
IEN

C
E 

G
LO

U
CESTER 

PO
IN

T, 
V

IR
G

IN
IA

 



PHASE 
10 

In
 1966 w

e 
sam

pled th
e fish

 
p

o
p

u
latio

n
 o

f C
hesapeake B

ig
h

t in
 

each o
f 

th
e fo

u
r seaso

n
s to

 a
sc

e
rta

in
 changes in

 d
istrib

u
tio

n
 o

f 
sp

ecies 

th
a
t m

ight be used as a 
so

u
rce o

f fish
 m

eal o
r FPC

. 
In

fo
rm

atio
n

 w
as 

o
b

tain
ed

 in
c
id

e
n

ta
lly

 on sev
eral o

th
e
r sp

ecies. 
T

he 
program

 in
 th

e firs
t 

y
ear h

as been aim
ed a

t a
sc

e
rta

in
in

g
 d

istrib
u

tio
n

 ra
th

e
r th

an
 abundance. 

T
he 

second y
e
a
r's w

ork w
ill be d

ev
o

ted
 to

 m
easuring abundance. 

S
am

pling g
ear w

as 
a 

fl-5 
fo

o
t sem

i-b
allo

o
n

 traw
l w

ith
 1

-1
/2

" 

stre
tc

h
 m

esh 
and 

a 1
/2

" stre
tc

h
 m

esh 
codend lin

e
r. 

T
he 

w
ork w

as 
conducted 

from
 th

e 9
4

' 
tra

w
le

r S
ea B

reeze ch
artered

 from
 W

ilto
n

 T
raw

ler C
o

rp
., 

S
ta

tio
n

 p
a
tte

rn
s fo

r each o
f th

e fo
u

r sam
pling p

erio
d

s a
re

 

illu
stra

te
d

 in
 F

ig
u

res 1
-4

. 
In

 w
in

ter 
(F

ebruary-M
arch) w

e 
sam

pled 
52 

sta
tio

n
s, 

in
 sp

rin
g

 
(M

ay) 
71 

sta
tio

n
s, 

surruner 
(A

ugust -
S

eptem
ber) 

98 

sta
tio

n
s, and fa

ll 
(N

ovem
ber) 

75. 

T
em

perature o
f 

th
e bottom

 w
ater w

as 
m

easured a
t each sta

tio
n

. 

~/~ 
T

herm
al p

a
tte

rn
 o

f th
e bottom

 w
ater in

 w
in

ter is
 in

d
icated

 in
 F

ig
. s. 

T
he 

iso
th

erm
s are ap

p
ro

x
im

atio
n

s o
f 

co
n

d
itio

n
s d

u
rin

g
 th

e m
onth; 

th
ey

 a
re

 

n
o

t sy
n

o
p

tic. 
C

o
n

d
itio

n
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m

er a
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d
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6
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' 

D
iscu

ssed
 in
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llo
w
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g

 p
arag

rap
h

s a
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 d
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u
tio

n
s o

f 

se
v

e
ra

l sp
ecies 

th
a
t ap

p
ear to

 be o
f 
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e 

p
o
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n

tia
l im

p
o

rtan
ce as an

 

in
d

u
stria

l fish
e
ry
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u

rce. 

In
.g

e
n

e
ra

l, 
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m
er and w

in
ter w
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seaso

n
s o

f 
sta

b
ility

 o
f th

e 
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p
o

p
u

latio
n

s, 
w

hereas 
in

 sp
rin

g
 and fa

ll th
e fish

 w
ere m

oving 
betw

een 

th
e
ir surruner and w

in
ter ran

g
es. 

T
h

erefo
re o

n
ly

 th
e sta

b
le

 seaso
n

s are 

illu
stra

te
d

 in
 th

is 
re

p
o

rt. 
D

istrib
u

tio
n

 in
 sp

rin
g

 and fa
ll w

as 
in

te
r

m
ed

iate. 

M
ost sp
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ere ch
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 by e

ith
e
r n

o
rth

-so
u

th
 m

ig
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n
 

o
r in

sh
o

re-o
ffsh

o
re m

ig
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n
s. 

Tw
o 
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p
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o
n

-m
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rato
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 • 

.. 
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. '· 
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10 

N
o

rth
-S

o
u

th
 M

ig
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n
s 

T
he 

n
o

rth
ern

 p
u

ffe
r o

r sw
e
llfish

 
(S

p
h

aero
id

es m
acu

latu
s) o

ccu
rred

 

in
 C

hesapeake B
ig

h
t o

n
ly

 in
 sum

m
er, 

and m
oved 

to
 th

e so
u

th
 in

 w
in

ter 

(F
ig

. 
7

). 
I
t o

ccu
p

ied
 th

e w
ater sh

o
aler th

an
 15 fath

o
m

s.· 

T
he 

sp
in

y
 d

o
g

fish
 

(S
q

u
alu

s acan
th

ias) o
ccu

rred
 in

 co
n

sid
erab

le 

num
bers 

o
v

er th
e
 e

n
tire

 sh
e
lf 

in
 w

in
ter 

(F
ig

. 
8

) b
u

t w
as 

som
ew

hat m
ore 

ab
u

n
d

an
t in

 th
e so

u
th

ern
 p

o
rtio

n
 o

f 
th

e a
re

a
. 

A
d

u
lts m

oved 
n

o
rth

 in
 th

e 

sp
rin

g
 and by sum

m
er o

n
ly

 a 
few

 
young 

rem
ained in

 th
e d

eep
est w

ater. 

A
nother sh

ark
, 

th
e 

sm
ooth d

o
g

fish
 

(M
ustelus 

can
is) ap

p
aren

tly
 

w
in

tered
 p

rim
arily

 to
 th

e 
so

u
th

 o
f 

C
hesapeake B

ig
h

t and 
sum

m
ered m

o
stly

 

to
 th

e n
o

rth
 

(F
ig

. 
9

). 
D

uring sp
rin

g
 and fa

ll m
ig

ratio
n

_
it o

ccu
p

ied
 th

e 

area in
sid

e
 th

e 
20 

fathom
 cu

rv
e. 

T
he g

o
o

sefish
 

(L
ophius 

am
erican

u
s), 

a
lso

 c
a
lle

d
 allm

o
u

th
 to

ad
 

and 
a
n

g
le

r, 
w

as 
a 

w
in

ter res~
d

en
t o

f 
C

hesapeake B
ig

h
t in

 w
aters d

eep
er 

th
an

 20 
fathom

s 
(F

ig
. 

1
0

). 
B

y 
sum

m
er a

ll a
d

u
lts h

ad
 m

oved 
o

u
t o

f th
e 

area alth
o

u
g

h
 
ju

v
e
n

ile
s rem

ained. 

Tw
o 

p
~

lag
ic fish

e
s, 

th
e h

errin
g

 
(C

lupea h
aren

g
u

s) and 
th

e 

m
ack

erel 
(S

com
ber 

sco
m

b
ru

s), 
o

ccu
rred

 in
 C

hesapeake B
ig

h
t in

 w
in

ter and 

m
oved 

to
 th

e n
o

rth
 in

 th
e 

sum
m

er. 
H

errin
g

 
(F

ig
. 

1
1

) o
ccu

p
ied

 th
e e

n
tire

 

area o
u

t to
 th

e 
50 

fathom
 cu

rv
e, 

b
u

t m
ack

erel 
(F

ig
. 

1
2

) o
ccu

rred
 p

rim
arily

 

in
 th

e so
u

th
ern

 p
o

rtio
n

. 
O

tter traw
ls 

p
ro

b
ab

ly
 do 

n
o

t sam
ple 

th
e p

o
p

u
latio

n
s 

ad
eq

u
ately

 and 
th

e d
istrib

u
tio

n
s o

f th
ese tw

o 
sp

ecies m
ay h

av
e been 

b
ro

ad
er th

an
 is

 in
d

ic
a
te

d
. 

In
sh

o
re-O

ffsh
o

re M
ig

ratio
n

s 

D
istrib

u
tio

n
s o

f 
th

e tw
o 

sp
ecies o

f 
sea ro

b
in

s w
ere sim

ila
r. 

(F
ig

. 
13 and 1

4
) ex

cep
t th

a
t th

e n
o

rth
ern

 searo
b

in
 (P

rio
n

o
tu

s c
a
ro

lin
u

s) 
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d
id

 n
o

t o
ccu

r so
u

th
 o

f 
C

hesapeake B
ay 

in
 sum

m
er. 

In
 g

en
eral b

o
th

 
sp

ecies 

w
ere in

 w
ater sh

o
aler th

an
 15 fathom

s 
in

 sum
m

er 
~nd 

in
 w

in
ter o

ccu
p

ied
 

d
ep

th
s o

f 
20 

to
 60 

fathom
s 

in
 a 

band from
 n

o
rth

 to
 so

u
th

 th
ro

u
g

h
 C

hesa-

peak~
 B

ig
h

t. 
M

ig
ratio

n
 o

f b
o

th
 sp

ecies ap
p

ears 
to

 be p
rim

arily
 in

sh
o

re 

sp
rin

g
 and o

ffsh
o

re in
 fa

ll, 
w

ith
 

som
e 

n
o

rth
-so

u
th

 m
ovem

ent. 

T
he 

silv
e
r h

ak
e o

r w
h

itin
g

 
(M

erlu
cciu

s 
b

ilin
e
a
ris) o

ccu
rred

 

in
 sum

m
er o

v
er th

e e
n

tire
 sh

e
lf n

o
rth

 o
f 

C
ape 

C
h

arles b
u

t o
n

ly
 in

 

w
ater o

f 
40 

fathom
s 

o
r m

ore 
to

 th
e 

so
u

th
 

(F
ig

. 
1

5
). 

In
 w

in
ter th

e hake 

w
ithdrew

 from
 

sh
o

al w
ater and w

as 
cau

g
h

t re
g

u
la

rly
 o

n
ly

 o
u

tsid
e o

f th
e 

20 
fathom

 cu
rv

e. 
Y

oung 
o

ccu
p

ied
 th

e in
n

e
r h

a
lf o

f th
e sh

e
lf in

 w
in

ter 

and w
ere 

scarce in
 sum

m
er. 

T
he 

d
istrib

u
tio

n
 o

f 
th

e sq
u

irre
l hake o

r red
 hake 

(U
rophycis 

ch
u

ss) 
w

as 
sim

ila
r to

 th
a
t o

f 
th

e silv
e
r hake 

(F
ig

. 
1

6
). 

T
he 

sp
o

tted
 h

ak
e 

(U
rophycis 

re
g

iu
s) w

as 
com

m
on th

ro
u

g
h

o
u

t 

C
hesapeake B

ig
h

t in
 sum

m
er, 

b
u

t in
 w

in
ter it re

tre
a
te

d
 to

 w
ater d

eep
er 

th
an

 20 
fathom

s 
and w

as 
m

ore 
ab

u
n

d
an

t so
u

th
 o

f C
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ay 
(F

ig
. 

~
7

). 

.. 
N
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igratory S

p
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T
he 

w
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u

n
d

er o
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h
t 
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us aq
u

o
su

s) 

o
ccu
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th

e sh
o
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e o

u
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 th
e 

25 
fathom

 cu
rv
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sum
m

er 

and w
in

ter 
(F

ig
. 

1
8

). 

in
 

A
nother fla
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h
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e
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u
rsp

o
t flo

u
n

d
er 

(P
aralich

th
y

s o
b

lo
n

g
u

s) 

is
 p

rim
arily

 an
 in

h
a
b

ita
n

t o
f deep w

aters 
(F

ig
. 

l9
), 

alth
o

u
g

h
 a 

few
 

in
d

iv
id

u
als w

ere cau
g

h
t in

 w
ater as 

sh
allo

w
 as 15 

to
 20 

fathom
s • 

. .. 

.· ......... 
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PA
RT 

2 

A
V

A
ILA

B
ILITY

 AND D
ISTR

IB
U

TIO
N

 OF BEN
TH

IC FI'SH
ES 

OF 

CH
ESA

PEA
K

E B
IG

H
T. 

B
y 

J:ACKSON D
A

V
IS 

V
IR

G
IN

IA
 

IN
STITU

TE OF M
ARINE 

SC
IEN

C
E 

G
LO

U
CESTER 

PO
IN

T, 
V

IR
G

IN
IA

 



._ 
2 

-

PHASE 
10 

H
aving d

ev
o

ted
 

th
e
 firs

t 
y

ear o
f o

u
r su

rv
ey

 o
f 

b
o

tto
m

 

fish
 

reso
u

rces o
f 

C
hesapeake B

ig
h

t to
 in

v
e
stig

a
tin

g
 seaso

n
al 

d
istrib

u
tio

n
, 

w
e 

u
n

d
erto

o
k

 in
 th

e
 

second y
ear an

 in
v

en
to

ry
 o

f 

th
e
 q

u
a
n

tity
 a

v
a
ila

b
le

 in
·e

a
c
h

 seaso
n

. 
W

in
ter proved to

 h
av

e th
e
 

g
re

a
te

st p
o

te
n

tia
l fo

r fish
 
fo

r in
d

u
stria

l u
ses. 

A
utw

nn w
as 

n
e
a
rly

 as g
o

o
d

. 
P

o
p

u
latio

n
s 

in
 sp

rin
g

 and 
sum

m
er w

ere com
para

tiv
e
ly

 sm
all b

u
t w

ell 
co

n
cen

trated
. 

H
alf 

o
f 

th
e
 to

ta
l q

u
a
n

tity
 

a
v

a
ila

b
le

 in
 fa

ll and 
w

in
ter w

as 
sp

in
y

 d
o

g
fish

. 
S

earo
b

in
s w

ere 

th
e p

red
o

m
in

an
t sp

ecies 
in

 sum
m

er. 

S
am

pling 
p

ro
ced

u
re w

as 
to

 tra
w

l a
t le

a
s
t once in

 each
 

15 m
in

u
te g

rid
. 

T
h

at is
, 

w
e 

d
iv

id
ed

 
C

hesapeake B
ig

h
t in

to
 

re
c
ta

n
g

le
s m

easu
rin

g
 

1
5

 m
in

u
tes o

f 
lo

n
g

itu
d

e by 1
5

 m
in

u
tes o

f 

la
titu

d
e
 and 

traw
led

 a
t le

a
s
t once in

 each 
re

c
ta

n
g

le
. 

S
am

pling 

g
e
a
r w

as 
an

 A
tla

n
tic

 w
estern

 tra
w

l h
av

in
g

 4
-in

ch
 b

ar m
esh 

in
 

th
e.b

o
d

y
 and 

2
-in

ch
 b

a
r m

esh 
in

 th
e 

codend. 
H

eadrope o
f 

th
e. 

tra
w

l w
as 

54 fe
e
t lo

n
g

 and 
th

e fo
o

tro
p

e 
78 

fe
e
t. 

E
ach 

tow
 o

f an
 

h
o

u
r's d

u
ra

tio
n

 w
as 

estim
ated

 
to

 
co

v
er ab

o
u

t 0
.0

3
 

sq
u

are m
ile o

f 

b
o

tto
m

. 
T

he 
catch

 in
 0

.0
3

 
sq

u
are m

ile w
as 

co
n

sid
ered

 to
 be 

ty
p

i

c
a
l .of 

th
e
 180 sq

u
are m

ile
s.o

f 
th

a
t g

rid
. 

A
lthough 

th
e
 popu-

. 
la

tio
n

 in
d

ex
es 

th
u

s d
eriv

ed
 a

re
 fa

irly
 cru

d
e, 

n
e
v

e
rth

e
le

ss, 

th
ey

 g
iv

e an
 in

d
ic

a
tio

n
 o

f 
th

e
 m

agnitude o
f 

th
e tra

sh
 fish

 
su

p
p

ly
. 

W
e h

av
e d

esig
n

ed
 a 

com
puter program

 w
hich w

ill h
e
lp

 in
· a

rriv
in

g
 

a
t b

e
tte

r estim
ates o

f 
th

e
 fish

 
p

o
p

u
latio

n
 and 

w
ill e

lu
c
id

a
te

 

in
flu

e
n

c
e
s o

f 
tem

p
eratu

re and d
ep

th
 on th

e
 d

istrib
u

tio
n

 o
f 

th
e 

v
ario

u
s 

sp
e
c
ie

s. 
P

relim
in

ary
 d

e
sc

rip
tio

n
s 

o
f d

istrib
u

tio
n

 

and abundance h
av

e b
een

 rep
o

rted
 p

rev
io

u
sly

 in
 a 

se
rie

s o
f 

p
ro

g
re

ss. 



-
3 

-
PHASE 

10 

re
p

o
rts. 

In
 th

e w
in

ter o
f 

1967 sam
ples a

t 54 sta
tio

n
s, 

as 

in
d

ic
a
te

d
 

by th
e d

o
ts 

in
 F

ig
. 

1
, 

y
ield

ed
 a 

p
o

p
u

latio
n

 in
d

ex
 o

f 

803 m
illio

n
 pounds 

and a 
catch

 ra
te

 o
f 

2600 
pounds 

p
er h

o
u

r o
f 

tra
sh

 fish
 av

erag
ed

 o
v

er th
e
 e

n
tire

 a
re

a
. 

N
early

 h
a
lf 

o
f 

th
e 

catch
 w

as 
sp

in
y

 d
o

g
fish

. 
If th

ey
 a

re
 su

b
stra

c
te

d
, 

th
e
 av

erag
e 

catch
 ra

te
 is

 1460 pounds 
p

er h
o

u
r. 

T
h

e·w
aters from

 th
e
 

30 

fathom
 cu

rv
e o

u
t to

 th
e 

edge o
f 

th
e 

sh
e
lf w

ere m
ore 

p
ro

d
u

ctiv
e 

th
an

 sh
o

a
le

r w
aters. 

O
n 

th
e
 o

u
te

r p
o

rtio
n

 o
f 

th
e 

sh
e
lf 

th
e 

av
erag

e 
c
a
tc

h
, 

ex
clu

d
in

g
 d

o
g

fish
, 

w
as 

2660 
pounds 

p
e
r h

o
u

rs, 

and fo
r th

e
 ap

p
ro

x
im

ately
 2700 

sq
~

are m
iles 

o
f 

b
e
st area th

e 

po'pulati.on in
d

ex
 w

as 
292 

m
illio

n
 pounds, 

ag
ain

 ex
clu

siv
e o

f d
o

g


fish
. 

B
ecause bad w

eath
er fo

rced
 

c
u

rta
ilm

e
n

t o
f 

ou~
 sam

p
lin

g
 

program
 in

 th
e w

in
ter o

f 
1

9
6

7
, w

e 
exam

ined 
th

e area ag
ain

 in
 th

e
 

w
in

ter o
f 1

9
6

8
. 

R
esu

lts w
ere 

sim
ila

r in
 th

e tw
o 

y
e
a
rs. 

In
 1968 

th
e
 av

erag
e catch

 ra
te

 a
t 

76 
sta

tio
n

s w
as 

2300 
pounds 

p
er h

o
u

r. 

T
he 

p
o

p
u

latio
n

 in
d

ex
 w

as 
991 m

illio
n

 pounds 
in

 ab
o

u
t 1

2
,0

0
0

 

sq
u

are m
iles 

in
 c

o
n

tra
st to

 803 
m

illio
n

 pounds 
in

 ab
o

u
t 1

0
,0

0
0

 

. sq
u

are m
iles 

in
 1

9
6

7
. 

T
em

p
eratu

re p
a
tte

rn
 o

f 
th

e b
o

tto
m

 w
aters 

in
 w

in
te

r 1968 is
 

show
n in

 F
ig

. 
2

. 

In
 sp

rin
g

 th
e
 catch

 
ra

te
 d

e
c
lin

e
s 

to
 475 

pounds 
p

er 

h
o

u
r av

erag
ed

 o
v

er th
e
.e

n
tire

 
sh

e
lf. 

P
a
rt o

f 
th

e
 d

e
c
lin

e
 re

su
lte

d
 

from
 d

ep
artu

re o
f 

sp
in

y
 -d

o
g

fish
 from

 th
e
 a

re
a
. 

A
lthough th

e 

avera_ge 
catch

 w
as 

p
o

o
r, 

som
e 

searo
b

in
s h

ad
 

retu
rn

ed
 to

 th
e
ir 

sum
m

er ran
g

e, 
and th

e
 a

re
a
 betw

een 5 and 15 fathom
s 

n
o

rth
 o

f 
0 

37° y
ield

ed
 

catch
es o

f up 
to

 
5000 

pounds 
p

e
r h

o
u

r 
(F

ig
. 

3
). 
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PHASE 

IO
 

In
 th

e
 1600 

sq
u

are m
iles 

o
f 

b
e
st area 

th
e p

o
p

u
latio

n
 in

d
ex

 w
as 

47 m
illio

n
 pounds and 

th
e
 av

erag
e catch

 p
er h

o
u

r w
as 

n
ear 900 

p
o

u
n

d
s, 

and 
co

n
sisted

 m
o

stly
 o

f 
s~

aro
b

in
s, 

w
ith

 
som

e 
sk

ates and 

o
th

e
r k

in
d

s. 
T

he 
p

o
p

u
latio

n
 in

d
ex

 fo
r th

e
 e

n
tire

 area w
as 

129 

m
illio

n
 pounds. 

T
em

p
eratu

re p
a
tte

rn
 is

 show
n in

 F
ig

. 
4_. 

In
 sum

m
er 

th
e 

catch
 ra

te
 d

eclin
ed

 fu
rth

e
r to

 
380 

pounds 
p

er h
o

u
r. 

H
ow

ever, 
as w

as 
th

e 
case in

 sp
rin

g
, 

th
e stre

tc
h

 

o
f 

sh
allo

w
 w

ater o
ff 

V
irg

in
ia and 

M
aryland 

co
n

tain
ed

 a 
d

en
se 

p
o

p
u

latio
n

 o
f 

searo
b

in
s and 

le
sse

r q
u

a
n

titie
s o

f o
th

e
r fish

. 

T
he 

g
re

a
te

st co
n

cen
tratio

n
 w

as 
in

sid
e
 th

e 15 fathom
 cu

rv
e 

betw
een 36° 

30
1 

and 
38° 30

1 
(F

ig
.·S

). 
In

 th
is area o

f 
ab

o
u

t 

2800 
sq

u
are m

iles 
th

e av
erag

e catch
 
ra

te
 w

as 
950 

pounds 
p

er 

h
o

u
r and 

th
e
 p

o
p

u
latio

n
 in

d
ex

 w
as 

102 m
illio

n
 pounds. 

C
atch

es 

ran
g

ed
 

up 
to

 2000 
pounds 

p
er h

o
u

r. 
O

u
tsid

e th
e
 15 fathom

 cu
rv

e, 

catch
 ra

te
s w

ere, 
w

ith
 a 

few
 

ex
cep

tio
n

s, 
le

ss 
th

an
 100 pounds 

p
e
r h

o
u

r. 
T

he 
p

o
p

u
latio

n
 in

d
ex

 w
as 

157 m
illio

n
 pounds 

fo
r th

e
 

e
n

tire
 a

re
a
, 

good and 
p

o
o

r. 
F

ig
. 

6 illu
s
tra

te
s
 

th
e tem

p
eratu

re 

p
attern

· o
f 

bottom
 w

aters. 

B
y autum

n sp
in

y
 d

o
g

fish
 had 

sta'I'.ted 
th

e
ir southw

ard 

m
ig

ratio
n

 and 
ag

ain
 com

prised a
·sig

n
ific

a
n

t p
o

rtio
n

 o
f 

th
e
 c

a
tc

h
, 

ab
o

u
t 

9
0

0
 

pounds 
o

f 
th

e
 

1
9

0
0

 pounds 
p

er h
o

u
r av

erag
e fo

r th
e
 

a
re

a
. 

D
o

g
fish

 o
ccu

rred
 in

sid
e
 

th
e 

60 
fathom

 cu
rv

e. 
S

earo
b

in
s 

h
ad

 
sta

rte
d

 m
oving 

o
ffsh

o
re

, 
th

e m
ajo

r co
n

cen
tratio

n
 h

av
in

g
 

sh
ifte

d
 to

 betw
een 20 

and 
SO 

fath
o

m
s. 

T
he 

p
o

p
u

latio
n

 in
d

ex
 w

as 

724 m
illio

n
 pounds 

o
f w

hich 
som

e 
340 

m
illio

n
 w

as 
sp

in
y

 d
o

g
fish

. 

T
he 

b
e
st catch

es o
f 

t;t'ash fish
 o

th
e
r th

an
 sp

in
y

 d
o

g
fish

 w
ere 

a 

from
 th

e
 

20 
fathom

 cu
rv

e 
to

 th
e
 edge o

f th
e
 sh

e
lf, 

an
 area o

f 
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PHASE . 10 

som
e 

4000 
sq

u
are m

iles 
(F

ig
. 

7
). 

T
he 

av
erag

e catch
 

(ex
clu

siv
e 

o
f d

o
g

fish
) 

in
 th

is area w
as 

2010 
pounds 

p
er h

o
u

r and 
th

e popu

la
tio

n
 in

d
ex

 w
as 

160 m
illio

n
 pounds 

ex
clu

siv
e o

f d
o

g
fish

. 
F

ig
. 

8 d
e
p

ic
ts th

e
 tem

p
eratu

re p
a
tte

rn
 o

f b
o

tto
m

 w
aters 

in
 autum

n. 

0 
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PHASE II 

A
N

A
LY

SIS 
OF D

ISTR
IB

U
TIO

N
 AND ABUNDANCE 

OF BEN
TH

IC FISH
ES 

B
y 

JA
CK

SO
N

 D
A

V
IS, 

J. 
A

. 
M

U
SICK

, 
AND E

. 
B

. 
JO

SEPH
 

V
I~G

IN
IA

 
~N

STITU
TE O

F M
ARINE 

SC
IEN

C
E 

G
LO

U
CESTER 

PO
IN

T, 
V

IR
G

IN
IA

 



In
 co

n
sid

erin
g

 
th

e 
p

o
te

n
tia

l fo
r ex

p
an

d
in

g
 th

e M
iddle A

tla
n

tic
 

fish
e
ry

, 
w

e 
estim

ated
 th

e a
v

a
ila

b
ility

 o
f benthi<

;: · fi,sh
es 

o~ 
th

e 1
5

,0
0

0
 

sq
u

are m
iles 

o
f 

th
e c

o
n

tin
e
n

ta
l sh

e
lf betw

een C
ap~ 

H
atteras and C

ape 

M
ay

.d
u

rin
g

 1
9

6
7

. 
A

v
a
ila

b
ility

, 
as 

~
sed h

e
re

, 
is

 in
 term

s 
o

f 
th

e
 q

u
a
n

tity
 

o
f fish

e
s 

th
a
t co

u
ld

 be 
cau

g
h

t ?
Y

a
 
sp

e
c
ific

 
tra

w
l. 

W
e 

u
sed

 an
 A

tla
n

tic
 

W
estern M

odel 
IV

 tra
w

l, 
w

hich 
is

 a· fo
u

r-seam
 n

e
t h

av
in

g
 a 

h
ead

ro
p

e 
o

f 

54 
fe

e
t 

and 
fo

o
tro

p
e 

o
f 

78 
fe

e
t. 

S
tre

tc
h

e
d

 m
esh 

siz
e
s w

ere 8 
in

ch
es 

in
 

th
e 

body, 
6 in

ch
es in

 
th

e e
x

te
n

sio
n

, 
and 4 

in
ch

es 
in

 
th

e co
d

en
d

. 

T
he 

n
e
t w

as 
fish

ed
 

from
 

th
e SEA

 
B

R
E

E
Z

E
, an

 88 
g

ro
ss 

to
n

 sid
e
 tra

w
le

r o~
 

3
4

0
·~

.p
. 

w
hich w

e 
ch

artered
~

 

To 
estim

ate 
th

e q
u

a
n

tity
 o

f 
fish

0a
v

a
ila

b
le

 
to

.~
h

e 
A

tla
n

tic
 w

estern
 

tra
w

l, 
w

e 
co

n
v

erted
 o

u
r catch

 in
 each

 o
n

e-h
o

u
r tow

 
to

 
pounds 

p
er n

a
u

tic
a
l 

m
ile, 

and fin
a
lly

 
to

 
poW

1ds 
(o

r 
to

n
s) 

in
 

th
e a

re
a
 co

v
ered

 
by each

 o
f 

th
e 

se
v

e
ra

l d
ep

th
 s

tra
ta

 sh
o

w
n

.in
 ·F

ig
u

re 1
. 

M
easurem

ents 
o

f an
 A

tla
n

tic
 

W
estern 

traw
l by th

e
 BCF E

x
p

lo
rato

ry
 F

ish
in

g
 and G

ear R
esearch

 B
ase a

t 

G
lo

u
cester, 

M
assach

u
setts in

d
ic

a
te

d
 

th
a
t th

e h
ead

ro
p

e 
w

as 
9 

to
 1

1
 fe

e
t. 

above 
th

e b
o

tto
m

 and 
th

a
t 

th
e m

outh_opening w
as 

34 
to

 
37 

fe
e
t w

ide w
hen 

fish
ed

 
as w

e 
fish

ed
 
it. 

In
 estim

atin
g

 
th

e q
u

a
n

tity
 o

f 
fish

 a
v

a
ila

b
le

 

to
 th

is 
traw

l w
e 

h
av

e assum
ed a 

la
te

ra
l m

outh 
o

p
en

in
g

 o
f 35 

fe
e
t, 

th
u

s 

n
eg

lectin
g

 an
y

 -herding e
ffe

c
t o

f th
e
 b

rid
le

s and g
ro

u
n

d
w

ires. 
W

e 
stre

ss 

th
e 

p
o

in
t th

a
t o

u
r e

stim
a
te

 is
 o

f q
u

a
n

tity
 o

f.fish
 a

v
a
ila

b
le

 
to

 a 
c
e
rta

in
 

ty
p

e net.. 
H

ad 
w

e 
u

sed
 a 

d
iffe

re
n

t n
e
t th

e
 e

stim
a
te

s w
ould 

be 
som

ew
hat 

d
iffe

re
n

t. 
N

ev
erth

eless, 
th

e estim
ates 

a
re

 u
se

fu
l as 

o
rd

er-o
f-m

ag
n

itu
d

e 

in
q

ic
a
to

rs o
f stan

d
in

g
 cro

p
. 

A
s 

a 
m

atter o
f co

n
v

en
ien

ce fo
r 

co
~

sid
erin

g
 

th
e econom

ic 
p

o
te

n
tia

l 

o
f 

th
e 

re~
o

u
rces, 

w
e 

have· g
ro

u
p

ed
 

th
e _species 

in
to

 3 c
a
te

g
o

rie
s: 

food 



2 

fish
, 

sp
in

y
 d

o
g

fish
 and 

tra
sh

 
fish

. 
T

he 
categ

o
ry

 food fish
 
c
o

n
sists o

f 

th
o

se 
few

 
sp

ecies 
now

 
cau

g
h

t by 
traw

l.ers 
antj 

m
ark

eted
 fo

r hum
an 

fo
o

d
 

and 

w
hich a

re
 lik

e
ly

 to
 be cau

g
h

t in
 su

ffic
ie

n
t q

u
an

~
it~

 
to

 m
ake 

w
o

rth
w

h
ile 

th
e ta

sk
 o

f se
p

a
ra

tin
g

 
them

 from
 th

e 
u

n
salab

le ·p
o

~
tio

n
 o

f .th
e c

a
tc

h
. 

In
clu

d
ed

 a
re

: 

scu
p

 

b
lack

 seab
ass 

sum
m

er 
flo

u
n

d
er 

b
u

tte
rfish

 

A
tla

n
tic

 cro
ak

er 

sp
o

t 

S
tenotom

us 
ch

ry
so

p
s 

C
e
n

tro
p

riste
s 

stria
tu

s 

P
a
ra

lic
h

th
y

s d
en

tatu
s 

P
e
p

rilu
s 

tria
c
a
n

th
u

s 

M
ic~opogon 

u
n

d
u

latu
s 

L
eiostom

us ·x
an

th
u

ru
s 

S
p

in
y

 d
o

g
fish

 S
q

u
alu

s a
c
a
n

th
ia

s 
fs 

co
n

sid
ered

 a 
se

p
a
ra

te
 categ

o
ry

 

beG
ause it is

 a 
m

ajo
r p

ro
p

o
rtio

n
 o

f 
th

e 
fish

 
biom

ass 
and 

th
e
re

fo
re

 
is

 a 

p
o

te
n

tia
l fish

e
ry

 
reso

u
rce. 

A
t p

resen
t i

t
 is

 a 
n

u
isan

ce 
sp

ecies w
!-lich 

is
 av

o
id

ed
 by fish

erm
en

. 

A
ll o

th
e
r sp

ecies a
re

 l.um
ped 

in
 

th
e categ

o
ry

, 
tra

sh
, 

th
e com

p8si tio
n

 

o
f w

hich ch
an

g
es 

som
ew

hat se
a
so

n
a
lly

. 
In

 w
in

ter 
th

e g
re

a
te

st b
u

lk
 con~ 

s
is

ts
 o

f: 

g
o

o
sefish

 

sp
o

tte
d

 hake 

red
 h

ak
e 

silv
e
r h

ak
e· 

n
o

rth
ern

 
searo

b
in

 

ro
se

tte
 sk

a
te

 

little
 sk

ate 

w
in

te
r sk

ate 

clearn
·o

se 
sk

ate 

L
ophius 

am
erican

u
s 

U
ro

p
h

y
cis 

reg
iu

s 

u. 
ch

u
ss 

M
erlu

cciu
s 

b
ilin

e
a
ris 

P
rio

n
o

tu
s 

c
a
ro

lin
u

s 

R
aja garrnani 

R
. 

e
rin

a
c
e
a
 

R
. 

q
c
e
lla

ta
 

R
. 

_
eg

lan
teria :; 



. . 

fo
u

rsp
o

t flo
u

n
d

er 

• 
w

indow
pane 

flo
u

n
d

er 

3 P
a
ra

lic
h

 th
y

s 
oblongus· 

S
cophthalm

us aq
u

o
su

s 

PHASE 
ll 

In
 sum

m
er 

se
v

e
ra

l sp
ecies m

ove 
n

o
rth

w
ard

. 

o
f 

th
e 

tra
sh

 a
re

: 

R
em

aining as 
im

p
o

rtan
t com

ponents 

sp
o

tted
 hake 

n
o

rth
ern

 searo
b

in
 

ro
se

tte
 sk

a
te

 

clearn
o

se 
sk

a
te

 

U
ro

p
h

y
cis 

re
g

iu
s 

P
rio

n
o

tu
s c

a
ro

lin
u

s 

R
aja g

arm
an

i 

R
. 

e
g

la
n

te
ria

 

In
 d

eep
 w

ater 
th

e 
fo

u
rsp

o
t flo

u
n

d
er rem

ain
s and 

in
 

sh
allo

w
 w

ater 
th

e 

la
rg

e
 ro

u
g

h
ta

il stin
g

ra
y

 D
asy

atis cen
tro

u
ra 

becom
es 

im
p

o
rtan

t, 
n

o
t so

 

m
uch 

in
 num

bers, 
b

u
t in

 w
eig

h
t. 

T
herm

al 
p

a
tte

rn
s o

f 
th

e b
o

tto
m

 w
aters as 

illu
s
tra

te
d

 in
 F

ig
u

re·2
 

in
d

ic
a
te

 th
a
t tem

p
eratu

re ch
an

g
es little

 from
 sum

m
er 

to
 w

in
ter on 

th
e
 

o
u

te
r sh

e
lf. 

N
earsh

o
re w

aters 
a
re

 w
arm

 
in

 
sum

m
er 

and 
co

ld
 in

 w
in

ter. 

E
d

d
ies from

 
th

e G
u

lf S_tream
 

p
ro

d
u

ce an
 irre

g
u

la
rly

 ch
an

g
in

g
 th

erm
al 

p
a
tte

rn
 in

 
th

e 
se

c
tio

n
 from

 C
ape 

H
atteras 

to
 ab

o
u

t 36°N
 la

titu
d

e
. 

In
 th

e w
in

te
r (F

eb
ru

ary
 and M

arch) 
o

f 1967 
an

 estim
ated

 2
3

4
,0

0
0

 

m
etric 

to
n

s w
ere 

a
v

a
ila

b
le

 
to. 

o
u

r 
traw

l. 
F

ig
u

re 
3 in

d
ic

a
te

s a 
g

re
a
te

r 

q
u

a
n

tity
 o

f 
fish

 
o

f a
ll c

a
te

g
o

rie
s 

in
 

th
e 

n
o

rth
ern

 se
c
to

r th
an

 in
 

th
e 

so
u

th
ern

 and 
show

s 
th

e overw
helm

ing abundance o
f 

sp
in

y
 d

o
g

fish
, 

w
hich 

co
m

p
rised

 70%
 

to
 

80%
 o

f 
th

e a
v

a
ila

b
le

 b
io

m
ass. 

F
ig

u
re 4

, 
a 

p
lo

t ~
f 

c
a
tc

h
-ra

te
s 

in
 

p
o

u
n

d
s/m

ile, 
in

d
ic

a
te

s 
th

a
t th

e m
ost p

ro
d

u
ctiv

e fish
in

g
 

fo
r food 

fish
, 

tra
sh

 fish
, 

o
r d

o
g

fish
 w

as 
in

 th
e d

eep
est stratu

m
 in

 
th

e 

n
o

rth
. 

T
he 

sh
o

al w
ater y

ield
ed

 
tra.sh

 fish
 and d

o
g

fish
 b

u
t lack

ed
 food 

fish
. 

In
 

th
e 

so
u

th
, 

d
o

g
fish

 w
ere 

m
ost co

n
cen

trated
 in

 d
ep

th
s 

o
f 1

1
 to

 

20 
fath

o
m

s, 
tra

sh
 fish

 
in

 
21 

to
 40 

fath
o

m
s, 

and food 
fish

 w
ere m

ost 

ab
u

n
d

an
t deepe·r. th

an
 

40 
f·a thorns. 
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4 
PHASE 

11 

B
ecause rough 

seas 
re

stric
te

d
 o

u
r sam

p
lin

g
 in

 w
in

ter 1
9

6
7

, 
w

e 

sam
pled ag

ain
 in

 1
9

6
8

 
(F

ig
u

re 
5

). 
T

o
ta

l a
v

a
ila

b
le

 b
io

m
ass, 

3
4

0
,0

0
0

 

to
n

s, 
w

as 
m

uch 
g

re
a
te

r th
an

 in
 

th
e 

p
rev

io
u

s w
in

te
r, 

b
u

t o
th

e
r fe

a
tu

re
s 

w
ere 

o
n

ly
 slig

h
tly

 d
iffe

re
n

t.. 
T

he 
g

re
a
t~

st q
u

a
n

tity
 o

f fish
 w

as 
in

 
th

e 

n
o

rth
ern

 sec·to
r. 

S
p

in
y

 d
o

g
fish

 w
er~

 d
istrib

u
te

d
 as in

 1
9

6
7

 in
 th

e 
so

u
th

, 

b
u

t in
 th

e n
o

rth
 w

ere m
o

st ab
u

n
d

an
t in

 m
id

-d
ep

th
s 

ra
th

e
r th

an
 
in

 d
eep

 

w
ater. 

S
im

ila
rly

, 
in

 c
a
tc

h
 ra

te
s 

(F
ig

u
re· 6

) 
th

e m
ajo

r change w
as 

a 
s
h

ift· 

in
 th

e 
sp

in
y

 d
o

g
fish

 
in

 
th

e n
o

rth
. 

Food 
fish

 
w

ere 
m

ost ab
u

n
d

an
t n

ear 

th
e edge 

o
f 

th
e 

sh
e
lf. 

In
 

sp
rin

g
 (F

ig
u

re 7
) 

th
e northw

ard. m
ig

ratio
n

 
o

f sp
in

y
 d

o
g

fish
 w

as 

ap
p

ar~
n

t. 
O

nly 
500 

to
n

s 
re~

ain
ed

 in
 th

e 
so

u
th

B
rn

 se
c
to

r and ab
o

u
t 4

,0
0

0
 

in
 th

e n
o

rth
ern

. 
T

he 
to

ta
l q

u
a
n

tity
 o

f 
tra

sh
 

sp
ecies d

eclin
ed

 
som

ew
hat 

in
 b

o
th

 se
c
to

rs. 
Food 

fish
 

becam
e m

ore 
a
b

u
n

d
a
n

t,.e
sp

e
c
ia

lly
 in

 th
e 

so
u

th
 

b
u

t w
ere 

m
o

stly
 sm

all. 
Som

e 
in

sh
o

re m
ovem

ent 
o

f b
o

th
 

tra
sh

 fish
 

and fo
o

d
 

fish
 w

as 
ap

p
aren

t (F
ig

u
re 7

, 
8

). 

· B
y 

sum
m

er 
(F

ig
u

re 9
) 

th
~

 s-piny d
o

g
fish

 had· v
irtu

a
lly

 d
e
se

rte
d

 
th

e 

a
re

a
, 

th
e
re

 b
ein

g
 none 

in
 th

e so
u

th
ern

 se
c
to

r, 
and 

o
n

ly
 400 

to
n

s in
 

th
e 

n
o

rth
ern

. 
O

th
er sp

ecies·fro
m

 th
e
 o

u
te

r sh
e
lf had a

lso
 gone n

o
rth

. 
B

oth 

th
e g

re
a
te

st q
u

a
n

tity
 and 

th
e g

re
a
te

st c
o

n
c
e
n

tra
tio

n
 

(F
ig

u
re 1

0
) 

w
ere 

in
 th

e 
sh

o
a
le

st stratu
m

. 

F
a
ll (la

te
 N

ovem
ber and D

ecem
ber)saw

 
th

e re
tu

rn
 o

f th
e
 sp

in
y

 d
o

g
fish

 

(F
ig

u
re 1

1
) 

and 
o

th
e
r n

o
rth

ern
 

sp
ecies and 

th
e 

o
ffsh

o
re· m

ovem
ent 

o
f th

e
 

sp
ecies 

th
a
t had 

been in
 

sh
o

al w
aters in

 
surruner. 

T
he 

d
eep

est w
aters 

ag
ain

 co
n

tain
ed

 
th

e d
en

sest co
n

cen
tratio

n
 o

f food 
fish

 
(F

ig
u

re 1
2

). 

. ~
 . .., 



s 
PHASE 

PR
O

SPEC
TS 

FO
R EX

PLO
ITA

TIO
N

 

T
he 

fish
in

g
 in

d
u

stry
 can

 be b
ro

ad
ly

 sep
arated

 in
to

.th
re

e
 
p

a
rts, 

th
e re

c
re

a
tio

n
a
l se

c
to

r, 
th

e 
fo

o
d

 
se

c
to

r, 
and 

th
e in

d
u

stria
l se

c
to

r. 

T
he 

firs
t is

 o
n

ly
 slig

h
tly

 in
v

o
lv

ed
 h

e
re

. 
T

he 
seco

n
d

 
p

ro
d

u
ces and m

ark0· 

fish
 
fo

r d
ire

c
t hum

an 
co

n
su

m
p

tio
n

. 
T

he 
la

st.p
ro

d
u

c
e
s 

fish
 

m
eal, 

o
il, 

and a
sso

c
ia

te
d

 
p

ro
d

u
cts w

hich a
re

 
u

sed
 in

 an
im

al feed
s 

and 
in

 a
.v

a
ri0

' 

o
f in

d
u

stria
l a

c
tiv

itie
s
. 

T
he 

p
o

p
u

lar fo
o

d
 fish

e
s 

w
hich e

x
ist in

 

C
hesapeake B

ig
h

t a
re

 now
 

b
ein

g
 h

arv
ested

 a
~

·th
e
 m

axim
um

 
le

v
e
l, 

o
r 

perh2~
 

beyond. 
T

he 
tra

sh
 fish

 and sp
in

y
 d

o
g

fish
. are 

u
sed

 
in

 v
ery

 m
in

o
r q

u
an



tity
. · T

he 
in

d
u

stria
l fish

e
ry

 
is

 b
ad

ly
 in

 need o
f a

d
d

itio
n

a
l reso

u
rces. 

· 
L

ess 
th

an
 25%

 o
f 

th
e fish

 m
eal consum

ed in
 
th

is co
rm

try
 is

 
produced 

her,.:.: 

. T
he _question 

o
f w

hethe~
 o

r n
o

t 
th

e 
tra

sh
 fish

 and 
sp

in
y

 d
o

g
fish

 o-f 

C
hesapeake B

ig
h

t can b
e u

sed
 by 

th
e 

in
d

 us tria
l fish

e
ry

 can
n

o
t b

e answ
er·:. 

u
n

eq
u

iv
o

cally
 a

t p
re

se
n

t. 
T

he 
sp

in
y

 d
o

g
fish

, 
th

e
 
sp

ecies 
co

m
p

risin
g

 

7
0

 
to

· 80%
 o

f 
th

e 
biom

ass 
in

 w
in

ter, is
 w

ith
o

u
t a 

d
o

m
estic m

ark
et eith

e·: 

as 
food 

o
r as an

 in
d

u
stria

l fish
. 

I
t is

 
a 

d
e
sira

b
le

 fo
o

d
-fish

 
in

 E\: . 
. 

m
ark

ets, 
b

u
t ex

p
o

rt is
 n

o
t eco

n
o

m
ically

 fe
a
sib

le
 

/H
o~

~
sen, 

A
ndreas A

. 

1968. 
H

arv
estin

g
 and 

p
ro

cessin
g

 d
o

g
fis~

 
(S

q
u

alu
s 

a
c
a
n

th
ia

s), 
U

n
iv

ersic~
 

R
hode 

Isla
n

d
 D

ept. 
Food 

&
 R

eso
u

rce E
conom

ics, 
O

ccasio
n

al P
ap

er 6
8

-2
7

2
~

 

A
t le

a
st 

tw
o 

problem
s m

ust be 
so

lv
ed

 b
efo

re d
o

g
fish

 can
 be 

used 
exter-:-· 

in
.a

n
 in

d
u

stria
l fish

e
ry

. 
A

 m
ethod m

ust 
be d

ev
elo

p
ed

 
to

 h
an

d
le 

them
 

e
ffic

ie
n

tly
 in

 la
rg

e
 q

u
a
n

titie
s. 

T
h

eir la
rg

e
 
siz

e
 and 

to
u

g
h

, 
ro

u
g

h
 

sk
. 

a
re

 n
o

t co
m

p
atib

le w
ith

 
th

e m
ach

in
ery

 now
 

in
 u

se. 
A

lso
, 

u
rea, 

a 
co

n
s ti:_

 

u
en

t o
f 

th
e b

lo
o

d
, 

is
 

u
n

d
esirab

le in
 

p
o

u
ltry

 feed
· w

here 
fish

 m
eal is

 
nC

' .. 



6 
PHASE" 

ll 

u
sed

. 
E

ith
e
r th

e· u
rea m

u
st b

e rem
oved 

o
r a 

new
 

m
ark

et m
ust be d

ev
elo

p
ed

. 

P
erh

ap
s sh

ark
 m

eal co
u

ld
 be 

u
sed

 in
 c

a
ttle

 feed
, 

sin
c
e
 ru

m
in

an
ts m

etab
o



liz
e
 u

rea. 
S

ev
eral te

c
h

n
o

lo
g

ic
a
l la

b
o

ra
to

rie
s a

re
 n?w

 attem
p

tin
g

 
to

 

so
lv

e 
problem

s 
th

a
t re

s
tric

t th
e
 u

se o
f d

o
g

fish
. 

A
lthough 

th
e 

p
o

p
u

latio
n

_
o

f 
sp

in
y

 d
o

g
fish

 is
 la

rg
e
, 

th
e
 rep

ro
d

u
ctiv

e 

p
o

te
n

tia
i o

f 
th

e 
sp

ecies 
is

 n
o

t g
re

a
t, 

and 
th

e 
su

sta
in

a
b

le
 an

n
u

al y
ie

ld
 

from
 th

is 
sto

c
k

 w
ill be 

sm
aller th

an
 from

 a 
~

o
re fecu

n
d

 
sp

e
c
ie

s. 

P
ro

b
ab

ly
 th

e 
p

o
p

u
latio

n
 co

u
ld

 be 
fish

ed
 d

o
w

n
·to

 a 
low

 le
v

e
l in

 a 
b

rie
f 

p
erio

d
 o

f 
tim

e. 
P

erh
ap

s d
ra

stic
 red

u
ctio

n
 o

f 
th

e
 

p
o

p
u

latio
n

 w
ould 

be 

d
e
sira

b
le

 sin
c
e
 

th
e 

sp
e
c
ie

s is
 a 

n
u

isan
ce 

to
 :th

e e
x

istin
g

 fish
e
rie

s. 

C
e
rta

in
ly

 
th

e red
u

ctio
n

 o
f a 

p
red

ato
r and co

m
p

etito
r o

f 
su

ch
 overw

helm
ing 

dom
inance w

ould 
p

ro
v

id
e an

 in
te

re
stin

g
 o

p
p

o
rtu

n
ity

 to
 o

b
serv

e th
e
 

resp
o

n
ses 

· o
f 

p
re~

 sp
ecies and c~

m
peting p

red
ato

ry
 sp

e
c
ie

s. 

T
rash

 fish
 ap

p
ear to

 be 
su

ffic
ie

n
tly

 ab
u

n
d

an
t 

to
 
su

sta
in

 a 
fish

e
ry

 

and can
 be h

an
d

led
 by 

e
x

istin
g

 m
ach

in
ery

. 
T

he 
m

ajo
r problem

s 
see~

 to
 

be to
 red

u
ce 

th
e 

cos:t o
f catch

in
g

 th
e fish

 and 
tq

 
p

ro
d

u
ce m

eal o
f 

a
o

n
sta

n
t 

co
m

p
o

sitio
n

. 
In

 w
in

ter an
 a

d
d

itio
n

a
l 

problem
 is

 
th

e 
ra

th
e
r g

e
n

e
ra

l 

o
ccu

rren
ce o

f 
sp

in
y

 d
o

g
fish

 a~
ong w

ith
 
tra

sh
 
fish

. 
C

u
llin

g
 them

 from
 

th
e catch

 is
 

ex
p

en
siv

e. 
In

creased
 

u
se o

f 
b

en
th

ic fish
e
s 

in
 C

hesapeake 

B
ig

h
t is

 
fe

a
sib

le
 

b
u

t spiny· d
o

g
fish

 w
ill be an 

im
pedim

ent. 

T
he 

m
an

u
factu

re 
o

f fish
 

p
r~

te
in

 co
~

cen
trate 

p
o

ssib
ly

 o
ffe

rs a 
fu

tu
re

 

m
a~

ket fo
r b

o
th

 
th

e 
tra

sh
 sp

e~
ies and dogfish." 

R
eg

ard
in

g
 d

o
g

fish
 

th
e 

sam
e 

problem
s 

e
x

ist. 
In

 any c
a
se

, 
th

e m
ark

et fo
r FPC

 
is

 
v

ery
 sm

all and 
. 

. 
is

 u
n

lik
e
ly

 to
 change q

u
ick

ly
 .u

n
less 

th
e w

orld 
econom

ic 
p

ic
tu

re
 ch

an
g

es 

and 
th

e
 Food 

and 
D

rug 
A

d
m

in
istratio

n
 b

ro
ad

en
s 

its
 
ru

lin
g

s co
n

cern
in

g
 FPC

. 



7 
PHASE 

SU
M

M
AR

Y 

T
he 

fish
 biom

ass a
v

a
ila

b
le

 
to

.th
e
 A

tla
n

tic
 w

estern
 

tra
w

l IV
 w

as 

3
4

0
,0

0
0

 to
n

s 
in

 w
in

ter 1968 c
o

n
sistin

g
 o

f 
6

1
,0

0
0

 
to

n
s 

o
f 

tra
sh

 fish
, 

273,000 
to

n
s 

o
f 

sp
in

y
 ?

o
g

fish
, 

and 
6

,0
0

0
 

to
n

s 
o

f 
food 

fish
 

(T
ab

le 1
). 11 

In
 

th
e w

in
ter o

f 1967 
th

e q
u

a
n

tity
 w

as 
le

s
s
, 

2
3

4
,0

0
0

 
to

n
s, 

b
u

t th
e
 

p
ro



p
o

rtio
n

s w
ere 

ab
o

u
t 

th
e 

sam
e: 

tra
sh

 fish
, 

43·, 000 
to

n
s, 

sp
in

y
 .~

o
g

fish
, 

1
8

6
,0

0
0

 to
n

s, 
food 

fish
, 

4
,0

0
0

 
to

n
s. 

In
 

sp
rin

g
 1967 

th
e
 
to

ta
l o

f 
6

0
,0

0
0

. 

to
n

s w
as·co

m
p

rised
 

o
f 

4
6

,0
0

0
 ·to

n
s o

f 
tra

sh
 fish

, 
4

,0
0

0
 

to
n

s o
f 

sp
in

y
 

d
o

g
fish

, 
and 1

0
,0

0
0

 to
n

s 
o

f food 
fish

. 
In

 
sum

m
er 

th
e 

to
ta

l w
as 

5
8

, o·oo 

to
n

s 
o

f w
hich 

5
2

,0
0

0
 w

as 
tra

sh
 fish

·a
~

d
 

6
,0

0
0

 w
as 

food 
fish

. 
S

p
in

y


d
o

g
fish

 w
ere ab

sen
t. 

In
 fa

ll th
e
 
to

ta
l o

f 3
5

6
,0

0
0

 
to

n
s w

as 
com

posed 
o

f 

7
7

,0
0

0
 

to
n

s o
f 

tra
sh

 fish
, 

2
5

7
,0

0
0

 
to

n
s 

o
f 

sp
in

y
 d

o
g

fish
, 

and 
2

2
,0

0
0

 

to
n

s 
o

f food 
fish

. 
T

hese 
estim

ates 
ex

clu
d

e 
p

e
la

g
ic

 fish
 

su
ch

 as h
e
rrin

g
, 

riv
e
r h

e
rrin

g
, 

m
ack

erel, 
and 

round h
e
rrin

g
 w

hich o
ccu

r in
 

som
e 

q
u

a
n

tity
, 

a
t le

a
s
t seaso

n
ally

. 

•· 
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Figure 2. Thermal pattern of the bottom waters of Chesapeake Bight. 
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U
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N
 

O
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AJOR SPEC
IES OF· 

DEM
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FISH
E

S 
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CH

ESA
PEA

K
E B

IG
H

T 

b
y
 

J
. 

A
. -M

usick and J
. 

D
. 

M
cE

achran 

V
irg

in
ia

 In
s
titu

te
 o

f M
arine S

cien
ce 

G
lo

u
cester P

o
in

t, 
V

irg
in

ia 
2

3
0

6
2

 

IN
TRO

D
U

CTIO
N

 

PHASE 

T
he 

m
ajo

r sp
e
c
ie

s o
f d

em
ersal fish

e
s 

w
hich o

ccu
r in

 C
hesap~

ake 

B
ig

h
t m

ay 
be 

d
iv

id
ed

 
in

to
 

tw
o 

ra
th

e
r lo

o
sely

-m
arg

in
ed

 g
ro

u
p

s. 
O

ne 

g
ro

u
p

 h
as 

so
u

th
ern

 a
ffin

itie
s
, 

is
 

found 
in

sh
o

re d
u

rin
g

 
th

e 
sum

m
er 

and m
ig

rates 
o

ffsh
o

re o
r to

 
th

e 
so

u
th

 
o

r b
o

th
 d

u
rin

g
 

th
e w

in
te

r. 

T
he 

o
th

e
r g

ro
u

p
 h

as 
n

~
rth

ern
 a

ffin
itie

s
 and 

o
cc~

rs 
in

sh
o

re d
u

rin
~

 

th
e w

in
te

r o
r sp

rin
g

 and 
la

te
 autum

n ?nd m
ig

rat~
s 

o
ffsh

o
re

 o
r to

 

th
e n

o
rth

 o
r b

o
th

 d
u

rin
g

 
th

e 
sum

m
er. 

T
he 

fo
llaN

in
g

 an
aly

ses 

exam
ine 

th
e 

seaso
n

al d
istrib

u
tio

n
 o

f 
1

1
 sp

e
c
ie

s o
f d

em
ersal 

fish
e
s 

in
 

th
e C

hesapeake B
ig

h
t w

ith
 
re

sp
e
c
t 

to
 d

ep
th

 
a~d 

tem
p

eratu
re. 

M
ETHODS 

M
eth

o
d

s·o
f c

o
lle

c
tio

n
 h

av
e 

been o
u

tlin
e
d

 
i~

 d
e
ta

il in
 e

a
rlie

r 

p
h

ases o
f 

th
is 

re
p

o
rt. 

A
n

aly
ses 

o
f d

istrib
u

tio
n

. 

C
atch

 d
a
ta

 fo
r each

 
o

f 
th

e fiv
e
 

seaso
n

al c
ru

ise
s·w

e
re

 
sep

arated
 

g
eo

g
rap

h
~

cally
 in

to
 

tw
o 

g
ro

u
p

s, 
one 

n
o

rth
 and 

th
e 

o
th

e
r so

u
th

 
o

f 

37~
N

 la
titu

d
e
. 

E
ach g

eo
g

rap
h

ical g
ro

u
p

 w
as 

th~
n 

s
tra

tifie
d

 

ll 



2 
PHASE 

acco
rd

in
g

 
to

 d
ep

th
. 

T
he 

fo
llo

w
in

g
 d

ep
th

 s
tra

ta
 m

easu
red

 in
 

fatho"m
s 

w
ere d

e
sig

n
a
te

d
: 

1
-1

0
,· 1

1
-2

0
,.2

1
-4

0
, 

4
1

-6
0

, 
6

1
-9

0
, 

9
1

-1
5

0
. 

T
he 

num
ber o

f each
 sp

e
c
ie

s cap
tu

red
 a

t each
 sta

tio
n

 w
as 

tran
sfo

rm
ed

 

by 
th

e eq
u

atio
n

: 
y =

 lo
g

 
(x

 +
 1

) 
(x

 =
 num

ber c
a
p

tu
re

d
). 

T
h

is 

tran
sfo

rm
atio

n
 

ten
d

s 
to

 n
o

rm
alize 

th
e catch

 d
a
ta

, 
w

hich a
re

 

co
n

tag
io

u
sly

 d
istrib

u
te

d
.a

n
d

 rem
oves 

th
e c

o
rre

la
tio

n
 betw

een m
ean 

and 
v

arian
ce C--om

m
on 

to
 su

ch
 s

ta
tis

tic
a
l d

istrib
u

tio
n

s. 
M

ean 

tran
sfo

rm
ed

 v
alu

es w
ere 

com
puted 

fo
r a

ll sta
tic

n
s 

in
 each

 
stratu

m
 

and 
th

e
se

 have 
been 

p
lo

tte
d

 as 
an

 in
d

ex
 o

f.ab
u

n
d

an
ce 

fo
r 

each
 

sp
e
c
ie

s 
in

 F
ig

s. 
1

-5
 and 1

6
-2

0
. 

T
he 

d
a
ta

 
from

 each
 g

eo
g

rap
h

ical· 

zone w
ere a

lso
 s

tra
tifie

d
 by 

tem
p

eratu
re. in

te
rv

a
ls o

f 1 C
 an

d
 

th
e 

sam
e 

m
ethods 

o
f 

tran
sfo

rm
atio

n
 ·and 

co
m

p
u

tatio
n

 w
ere 

u
sed

 
(F

igs. 
6

-1
5

 

and 
21-.30). 

A
 .few

 d
ep

th
 and 

tem
p

eratu
re 

stra
ta

 w
ere· in

su
ffic

ie
n

tly
 

sam
pled 

to
 a

rriv
e
 a

t re
lia

b
le

 abundance v
alu

es. 
W

e 
re

a
liz

e
, 

o
f 

· c
o

u
rse

, 
th

a
t th

e 
in

d
ex

 o
f 

abundance h
ere 

is
 one 

o
f 

a
p

p
a
re

n
t, 

n
o

t 

a
c
tu

a
l, 

ab
u

n
d

an
ce and m

erely
 re

fle
c
ts 

th
e av

ai3
.ab

ility
 o

f 
each

 

sp
e
c
ie

s 
to

 o
u

r tra
w

l. 
A

v
a
ila

b
ility

 m
ay d

ep
en

d
 on 

m
any 

fa
c
to

rs 

w
hich in

flu
e
n

c
e
 

th
e 

b
eh

av
io

r o
f 

each
 sp

e
c
ie

s. 
T

he 
e
stim

a
tio

n
 o

f 

n
c
a
tc

h
a
b

ility
" 

and o
th

e
r su

ch
 
v

a
ria

b
le

s 
a
re

 beyond 
th

e 
sco

p
e o

f 

th
is 

p
ap

er and 
w

e 
leav

e 
th

is 
ch

o
re 

to
 o

th
e
rs w

nose 
c
ry

sta
l b

a
ll 

m
ay 

b
e a 

b
it sh

in
ie

r th
an

 ours~
 

R
ESU

LTS 
AND 

D
ISC

U
SSIO

N
 

F
ish

es w
ith

 
so

u
th

ern
 a

ffin
itie

s
. 

O
f 

th
o

se 
sp

e
c
ie

s 
exam

ined 
six

 had 
southenn: a

ffin
itie

s
: 

11 

P
rio

n
o

tu
s c

a
ro

lin
u

s,. U
ro

p
h

y
cis 

re
g

iu
s, 

P
ep

rill.5
 
tria

c
a
n

th
u

s, · 

P
a
ra

lic
h

th
y

s d
e
n

ta
tu

s, 
C

e
n

tro
p

riste
s 

s
tria

tu
s
 and S

ten
o

to
m

u
s 

ch
ry

so
p

s. 
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3 
PHASE 

11 

T
he 

firs
t 

tw
o 

o
f 

th
ese a

re
 

p
o

te
n

tia
lly

 v
alu

ab
le as 

in
d

u
stria

l 

fish
e
s 

and 
th

e la
s
t fo

u
r 

p
re

se
n

tly
 a

re
 

th
e m

o
st im

p
o

rtan
t co

m
m

ercial 

fo
o

d
 
fish

e
s 

in
 

th
e B

ig
h

t. 
T

he la
s
t th

re
e
 sp

e
c
ie

s a
lso

 c
o

n
trib

u
te

 

h
e
a
v

ily
 
to

 
th

e 
in

s~
o

re surruner 
sp

o
rt fish

e
ry

. 

P
rio

n
o

tu
s 

c
a
ro

lin
u

s: 
T

he n
o

rth
ern

 
searo

b
in

 w
as 

m
o

d
erately

 

ab
u

n
d

an
t betw

een 
21 

and 
60 

fm
s 

d
u

rin
g

 w
in

te
r 1S67 

(F
ig

. 
1

), 
and· 

becam
e 

v
ery

 ab
u

n
d

an
t d

u
rin

g
 

th
e 

sp
rin

g
 w

hen 
i
t
 m

oved 
in

sh
o

re and 

n
o

rth
w

ard
 

(F
ig

. 
2

). 
In

 
sum

m
er 

i
t
 w

as 
v

ery
 ab

u
rd

an
t. sh

o
a
le

r 
th

an
 

2
0

 fm
s 

(F
ig

. 
3

) 
and 

in
 

th
e 

fa
ll.th

e
 

sp
e
c
ie

s 
m

o\~d 
o

ffsh
o

re
 and 

to
 th

e 
so

u
th

 b
etw

een
 21 

and 
60 

fm
s 

(F
ig

. 
4

). 
In

 w
in

te
r 19.68 

th
e 

sp
e
c
ie

s ag
ain

 w
as _m

ost 
abur_1dant 

betw
een 

2
1

 and 
6

0
 .fm

s 
(F

ig
. 

5
) .. 

U
ro

p
h

y
cis 

re
g

iu
s: 

T
he 

sp
o

tte
d

 h
ak

e'w
as 

m
e.st 

abunda!1t 
betw

een 

41 
and 90 

fm
s 

d
u

rin
g

 w
in

te
r 1967 

(F
ig

. 
1

). 
In

 sp
rin

g
 th

e
re

 w
as 

som
e 

m
ovem

ent 
in

sh
o

re 
an

d
.a g

re
a
t in

c
re

a
se

 
in

 abundance 
b

etw
een

 

6
1

 and 
90 

fm
s 

so
u

th
 

o
f 

3
7

°N
 (F

ig
. 

2
). 

D
u

rin
g

 th
e 

sum
m

er 
th

e 
sp

e
c
ie

s 

w
as 

w
id

ely
 d

istrib
u

te
d

 from
 

th
e 

sh
o

a
le

st d
ep

th
s sam

pled 
to

 90 
fm

s 

and w
as 

m
ost ab

u
n

d
an

t in
 

th
e d

eep
er s

tra
ta

 
(F

ig
. 

3
). 

In
 

th
e 

fa
ll 

th
e 

sp
e
c
ie

s appea.red 
to

 d
isp

e
rse

 and w
as 

abunda.nt 
in

 a
ll s

tra
ta

 

(F
ig

. 
4

). 
In

 w
in

ter 1
9

6
8

 
th

e 
sp

ecies 
w

as 
v

irtu
a
lly

 ab
sen

t a
t 

d
ep

th
s 

sh
o

a
le

r th
an

 
2

0
.fm

s 
and w

as 
m

o
st abunda~

t 
to

 
th

e 
so

u
th

 b
e

tw
een

 
6

1
 and 

90 
fm

s 
(F

ig
. 

5
). 

P
e
p

rilu
s 

tria
c
a
n

th
u

s: 
T

he 
b

u
tte

rfish
 w

as m
ost ab

u
n

d
an

t o
ffsh

o
re

 

b
etw

een
 

6
1

 and 
90 

£
m

s-d
u

rin
g

 
w

in
ter 1967 

(F
ig

. 
1

) and m
oved 

in
sh

o
re 

d
u

rin
g

 sp
rin

g
 

(F
ig

. 
2

). 
T

he 
ap

p
aren

t ab
u

n
d

arce 
o

f 
th

e 
sp

e
c
ie

s 

in
c
re

a
se

d
 

trem
en

d
o

u
sly

 
so

u
th

 o
f 

3
7

°N
 betw

een 21 
and 150 fm

s 
a
t 

th
a
t seaso

n
. 

In
 

sum
m

er 
th

e 
sp

e
c
ie

s m
oved .to

 tte
 n

o
rth

 
(F

ig
. 

3
}

 

an
d

 
in

 fa
ll w

as 
w

id
ely

 d
istrib

u
te

d
 o

v
er 

th
e e

n
tire

 B
ig

h
t 

(F
ig

. 
4

). 

D
u

rin
g

 w
in

te
r 1

9
6

8
 b

u
tte

rfish
 

w
ere m

ost ab
u

n
d

an
t betw

een 
4

1
 and 

90 
fm

s 

(F
ig

. 
5

). 
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4 
PHASE 

P
a
ra

lic
h

th
y

s d
e
n

ta
tu

s: 
T

he 
sw

nm
er 

flo
u

n
d

er w
as 

v
irtu

a
lly

 

ab
sen

·t in
sh

o
re

 d
u

rin
g

 w
in

te
r 1967 and m

ost ab
u

n
d

an
t betw

een 41 

and 
60 

fm
s 

(F
ig

. 
l). 

In
 sp

rin
g

 th
e abundance o

f 
th

is 
sp

e
c
ie

s 

d
ro

p
p

ed
 as 

it m
oved 

in
sh

o
re w

here 
it is

 know
n 

to
 e

n
te

r e
stu

a
rie

s 

(F
ig

. 
2

). 
T

he 
sp

e
c
ie

s 
rem

ain
ed

 
in

sh
o

re. d
u

rin
g

 th
e
 

sum
m

er 
(F

ig
. 

3
). 

In
 fa

ll 
th

e 
sp

e
c
ie

s d
isp

e
rse

d
 and w

as 
ab

u
n

d
an

t o
v

er a 
w

ide 
ran

g
e 

o
f d

ep
th

 
s
tra

ta
, 

p
a
rtic

u
la

rly
 o

ffsh
o

re
 
to

 
th

e n
o

rth
 

(F
ig

. 
4

). 

T
h

is 
p

a
tte

rn
 

su
g

g
ests 

a 
m

ovem
ent 

in
to

 
th

e B
ig

h
t o

f 
fish

 
from

 

n
o

rth
ern

 
sum

m
ering a

re
a
s. 

In
 w

in
te

r 1968 
th

e
 

sp
ecies ag

ain
 w

as 

m
o

st ab
u

n
d

an
t betw

een 41 
and 

60 
fm

s 
(F

ig
. 

5
). 

C
e
n

tro
p

riste
s 

s
tria

tu
s
: 

T
he 

b
lack

 seab
ass w

as 
m

ost ab
u

n
d

an
t 

. 
so

u
th

 o
f 

37°N
 betw

een 41 
and 

90 
fm

s 
in

 w
in

te
r 1967 

(F
ig

. 
1

). 
In

 

sum
m

er 
th

e abundance 
o

f 
seab

ass d
ro

p
p

ed
 and 

it w
as 

found 
m

o
stly

 

a
t d

ep
th

s 
le

ss 
th

an
 

20 
fm

s 
(F

ig
. 

3
). 

In
 fa

ll an 
o

ffsh
o

re
 m

ovem
ent 

· o
ccu

rred
 and 

th
e 

sp
ecies 

w
as 

m
ost abunda1 t 

betw
een 

21 
and 

60 
fm

s. 

(F
ig

. 
4

). 
In

 w
in

te
r 1968 

th
e 

sp
e
c
ie

s m
oved 

even 
fa

rth
e
r 

o
ffsh

o
re

 

to
 41 

and 
90 

fm
s 

(F
ig

. 
5

). 

S
tenotornus 

ch
ry

so
p

s: 
T

he 
scu

p
 w

as 
m

ost ab
u

n
d

an
t 

so
u

th
 o

f 

37°N
 betw

een 
41 

and 
60 

fm
s· 

in
 w

in
te

r 1967 
(F

ig
. 

1
). 

D
u

rin
g

 sp
rin

g
 

th
e
 

sp
e
c
ie

s 
m

oved 
in

sh
o

re and 
to

 
th

e n
o

rth
 

(F
ig

. 
2

). 
In

 
sum

m
er 

th
e
 

sp
e
c
ie

s w
as 

m
ost ab

u
n

d
an

t in
sh

o
r~

 
(F

ig
. 

3
) and d

u
rin

g
 

th
e 

fa
ll 

it m
oved 

o
frsh

o
re

 b
o

th
 n

o
rth

 and 
so

u
th

 o
f 

37°N
 b

u
t w

as 
m

o
st ab

u
n

d
an

t 

betw
een 41 and 

60 
fm

s 
n

o
rth

 o
f 

37°N
 

(F
ig

. 
4

). 
In

 w
in

te
r 1968 

th
e 

sp
e
c
ie

s w
as 

m
ost ab

u
n

d
an

t b
etw

een
 

41 
and 

60 
fm

s 
(F

ig
. 

5
). 

P
a
tte

rn
s 

o
f 

ab
u

n
d

an
ce: 

D
u

rin
g

 
tn

e w
in

te
r, 

th
e n

o
rth

e
rn

 
se

a
ro

b
in

, 

sum
m

er 
flo

u
n

d
er and 

scu
p

 w
ere m

ost ab
u

n
d

an
t bet:w

een 
41 and 

60 
fm

s 

w
here 

th
ey

 o
fte

n
 o

ccu
rred

 w
ith

 
tle

 
sp

o
~

ted
 h

ak
e, 

b
u

tte
rfish

, 
and 

ll 
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5 
PHASE 

seab
ass. 

H
ow

ever, 
th

ese la
s
t th

re
e
 w

ere a
lso

 ab
u

n
d

an
t dow

n 
to

 

90 fm
s. 

D
u

rin
g

 th
e
 
sp

rin
g

 a
ll o

f 
th

e
 
sp

e
c
ie

s w
ith

 so
u

th
ern

 

a
ffin

itie
s
 ·show

ed 
ev

id
en

ce 
o

f m
ovem

ent 
in

sh
o

re and 
to

 th
e
.n

o
rth

. 

B
u

t, 
se

a
b

a
ss, 

b
u

tte
rfish

, 
sp

o
tte

d
 h

ak
e, 

and 
scu

p
 a

lso
 in

c
re

a
se

d
 

o
r m

ain
tain

ed
 th

e
ir abundance 

so
u

th
 o

f 
37°N

 in
 th

e d
eep

er s
tra

ta
. 

T
his· p

a
tte

rn
 su

g
g

ests 
an. ·in

flu
x

 o
f 

th
ese fo

u
r 

sp
ecies 

in
to

 
th

e 

B
ig

h
t from

 so
u

th
 o

f C
ape 

H
a
tte

ra
s. 

D
u

rin
g

 
th

e 
sw

r.m
er 

th
e 

ap
p

aren
t abundance 

o
f 

a
ll 

sp
e
c
ie

s 

11 

ex
cep

t sp
o

tte
d

 h
ak

e w
as 

low
 b

ecau
se 

p
a
rts o

f 
th

e
ir 

p
o

p
u

latio
n

s 

m
ig

rated
 
o

u
t o

f 
th

e B
ig

h
t to

 
th

e n
o

rth
 and o

th
e
rs 

e
n

te
re

d
.e

stu
a
rie

s 

o
r in

h
a
b

ite
d

 
th

e 
v

ic
in

ity
 o

f w
recks and 

o
th

er-
rough 

b
o

tto
m

 and . 
. 

w
ere 

u
n

a
v

a
ila

b
le

 
to

 o
u

r 
tra

w
l. 

S
p

o
tted

 h
ak

e 
rem

ained 
ab

u
n

d
an

t 

o
v

er 
th

e e
n

tire
 B

ig
h

t, 
p

a
rtic

u
la

rly
 betw

een 6
1

 and 
90 

fm
s 

to
 

th
e 

so
u

th
 su

g
g

estin
g

 
th

a
t th

e 
in

flu
x

 o
f 

th
is 

sp
ecies 

from
 so

u
th

 o
f 

C
ape H

a
tte

ra
s m

ay 
co

n
tin

u
e in

to
 th

e 
sum

m
er. 

D
u

rin
g

 
th

e 
fa

ll a
ll sp

e
c
ie

s w
er~

 
w

id
ely

 d
isp

ersed
 o

v
er th

e 

B
ig

h
t. 

M
ost show

ed 
ev

id
en

ce 
o

f m
ovem

ent o
ffsh

o
re and 

to
 

th
e 

so
u

th
. 

S
cup and 

sum
m

er 
flo

u
n

d
er w

ere m
ost ab

u
n

d
an

t o
ffsh

o
re n

o
rth

 o
f 

37°N
, 

su
g

g
estin

g
 an 

in
flu

x
 o

f 
th

e
se

 
sp

e
c
ie

s 
from

 n
o

r~
h

ern
 

sum
~

ering a
re

a
s. 

A
ll m

em
bers 

o
f 

th
is 

so
u

th
ern

 g
ro

u
p

 w
ere 

cap
tu

red
 

in
 abundance 

a
t tem

p
eratu

res 
g

re
a
te

r 
th

an
 

20 
C

 and 
n

o
rew

ere ab
u

n
d

an
t a

t tem
p

eratu
res 

le
ss 

th
an

 7 ·o
r 8 C

 (F
ig

s. 
6

-1
5

). 

F
ish

es w
ith

 n
o

rth
ern

 a
ffin

itie
s
. 

F
iv

e o
f 

th
e 

sp
e
c
ie

s exam
ined had n

o
rth

ern
 a

ffin
itie

s
: 

S
q

u
alu

s 

a
c
a
n

th
ia

s, 
U

ro
p

h
y

cis 
ch

u
ss, 

H
ip

p
o

g
lo

ssin
a· o

b
lo

n
g

a, 
L

ophius 
am

erican
u

s 

and M
erlu

cciu
s 

b
ilin

e
a
ris. 



6 
PHASE 

T
he 

firs
t 

o
f 

th
ese 

is
 a 

m
ajo

r n
u

isan
ce 

to
 

traw
lerm

en
 
in

 

C
h

esap
eak

e B
ig

h
t d

u
rin

g
 

th
e
 w

in
te

r 
(se

e
 

P
h

ase 
). 

In
 E

urope 
th

e 

sp
e
c
ie

s 
is

 
u

sed
 
fo

r food 
and 

i
t
 is

 
p

o
te

n
tia

lly
 v

a
lu

a
b

le
 ·on 

a 
sh

o
rt

term
 b

a
sis a

s an
 in

d
u

stria
l fish

. 
T

he 
n

e
x

t 
th

re
e
 

sp
e
c
ie

s a
re

 

p
o

te
n

tia
lly

 v
a
lu

a
b

le
 as 

in
d

u
stria

l fish
e
s 

and 
th

e 
la

s
t, !i· 

b
ilin

e
a
ris

, 
h

as 
b

een
 lan

d
ed

 a
s b

o
th

 a· fo
o

d
 

and 
in

d
u

stria
l fish

 

in
 N

ew
 

E
n

g
lan

d
. 

S
q

u
alu

s 
a
c
a
n

th
ia

s: · 
T

he 
sp

in
y

 d
o

g
fish

 w
as 

ex
trem

ely
 a'bundant 

in
 a

ll s
tra

ta
 

sam
pled 

in
 w

in
te

r 1967 
(F

ig
. 

1
6

). 
D

u
rin

g
 

sp
rin

g
 

th
is

 
sp

e
c
ie

s m
ig

rated
 
to

 th
e
 n

o
rth

 and w
as 

ab
u

n
d

an
t 

in
 

th
e B

ig
h

t 

b
etw

een
 

61 
and 

90 
fm

s 
n

o
rth

 o
f 

37°N
 

(F
ig

. 
1

7
). 

D
u

rin
g

 
th

e 
sum

m
er 

. 
sp

in
y

 d
o

g
fish

 w
ere 

n
e
a
rly

 a
b

se
n

t ex
cep

t in
 

sm
all b

u
t 

p
e
rsiste

n
t 

num
bers 

b
etw

een
 

21 'and 
40 

fm
s 

n
o

rth
 o

f 
37°N

 
(F

ig
. 

1
8

). 
In

 
th

e 

fa
ll 

th
e 

sp
e
c
ie

s 
m

ig
rated

 
in

to
 

the· .area from
 
th

e n
o

rth
 

and 
w

as 

ex
trem

ely
 ab

u
n

d
an

t 
in

 a
ll 

b
u

t 
th

e
 
th

re
e
 d

e
e
p

e
st 

so
u

th
ern

 
s
tra

ta
 

(F
ig

. 
1

9
). 

D
u

rin
g

 w
iriter o

f 1968 
th

e 
sp

e
c
ie

s 
w

as 
ex

trem
ely

 

ab
u

n
d

an
t in

 
a
ll s

tra
ta

 
(F

ig
. 

2
0

). 

U
ro

p
h

y
cis 

ch
u

ss: 
D

u
rin

g
 

th
e w

in
te

r o
f 1967 

(F
ig

. 
1

6
) 

th
is 

sp
e
c
ie

s w
as 

ab
u

n
d

an
t 

to
 

th
e 

n
o

rth
 

b
etw

een
 

21 
and 

150 fm
s 

and 
to

 

th
e
 

so
u

th
 b

etw
een

 61 and 
90 

fm
s. 

In
 

th
e 

sp
rin

g
 

(F
ig

. 
1

7
) 

th
e 

sp
e
c
ie

s 
p

e
rsiste

d
 in

 ab.m
dance 

in
 th

e
 

tw
o d

e
e
p

e
st so

u
th

ern
 s

tra
ta

 

an
d

 
m

oved 
c
lo

se
r 

to
 sh

o
re 

in
 

th
e n

o
rth

. 
In

 
th

e
 

sum
m

er 
(F

ig
. 

1
8

) 

th
e
 ab

u
n

d
an

ce o
f u. 

ch
u

ss d
ro

p
p

ed
 

ex
cep

t 
in

 
th

e 
s
tra

ta
 

b
etw

een
 

2~ 
and 

40 
fm

s 
in

 
th

e
 n

o
rth

 an
d

 6
1

-9
0

-fm
s 

in
 
th

e
 

so
u

th
. 

In
 

th
e
 

fa
ll 

(F
ig

. 
1

9
) 

ab
u

n
d

an
ce 

in
c
re

a
se

d
 g

re
a
tly

. 
R

ed 
h

ak
e w

ere 
v

ery
 

ab
u

n
d

an
t ·in 

th
e d

e
e
p

e
st n

o
rth

ern
-

stra
tu

m
 su

g
g

estin
g

 a 
m

ovem
ent 

from
 

th
e n

o
rth

 
in

to
 

th
e B

ig
h

t. 
D

u
rin

g
 w

in
te

r 1968 
th

e
 

sp
ec.ies 

11 



7 
PHASE 

w
as 

m
o

st ab
u

n
d

an
t 

betw
een 

91 
an

d
 150 fm

s 
in

 
th

e
 

so
u

th
 and 

b
etw

een
 

21 
and 1

5
0

 £m
s 

in
 
th

e
 n

o
rth

 
(F

ig
. 

2
0

). 

11 

H
ip

p
o

g
lo

ssin
a 

o
b

lo
n

g
a: 

T
he 

fo
u

r-sp
o

t 
flo

u
n

d
e
r 

w
as in

o
st 

ab
u

n
d

an
t 

b
etw

een
 

41 
and 

90 
fm

s 
in

 w
in

te
r 1967 

(F
ig

. 
1

6
). 

In
 
sp

rin
g

 

th
e
 ab

u
n

d
an

ce 
o

f 
th

e 
sp

e
c
ie

s d
ro

p
p

ed
 
in

 th
e
 B

ig
h

t b
u

t th
e h

ig
h

e
st 

c
o

n
c
e
n

tra
tio

n
s 

rem
ain

ed
 

b
etw

een
 

41 
and 

90 
fm

s 
(F

ig
. 

1
7

). · 
T

h
ere 

w
as 

no ap
p

aren
t ch

an
g

e d
u

rin
g

 
th

e ?um
m

er 
(~

ig
. 

1
8

) 
b

u
t in

 fa
ll 

th
e 

ab
u

n
d

an
ce 

in
 

th
e
-a

re
a
 

ro
se ·d

ra
stic

a
lly

 and 
th

e 
sp

ecies: w
as 

m
ost ab

u
n

d
an

t 
betw

een 
41 

and 
60 

£m
s 

(F
ig

. 
1

9
) 

in
 

th
e
 n

o
rth

 
and 

41 

and 150 £m
s 

in
 

th
e 

so
u

th
. 

T
he 

p
a
tte

rn
 .in w

in
te

r 1968 w
as 

sim
ila

r 

to
 
th

a
t in

 1967 
(F

ig
. 

2
0

). 

L
o

p
h

iu
s 

am
erican

u
s: 

T
he 

g
o

o
se

fish
 w

as 
w

id
ely

 d
istrib

u
te

d
 

in
 
th

e
 B

ig
h

t in
 w

in
te

r 1967 and 
m

ost ab
u

n
d

an
t 

b
etw

een
 

21 
and 

90 
fm

s 

(F
ig

. 
1

6
). 

In
 sp

rin
g

 th
e
 

sp
e
c
ie

s \~as 
m

ost ab
u

n
d

an
t 

b
etw

een
 

21 

an
d

 60 
fm

s 
(F

ig
. 

1
7

). 
D

u
rin

g
 

th
e 

sum
m

er 
th

e
 
g

o
o

se
fish

 ·m
oved 

to
 

th
e n

o
rth

 and. w
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an

d
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in
ter O

ccu
rren
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D
ecapod 

. 
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C
ru

stacean
s 

in
 

C
hesapeake B

ig
h

t, 
U

.S
.A

. 

B
y 

J
. 

A
. 

M
usick and 

.J. 
D

. 
M

cE
achran 

V
irg

in
ia

 
In

s
titu

te
 o
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arin

e S
cien

ce 

G
lo

u
cester P
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in

t, 
V

irg
in

ia 
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3
0

6
2

 

. . 

C
hesapeake B

ig
h
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d
es 
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o
n

tin
e
n

ta
l S

h
elf from

 
C

ape 

H
en

lo
p

en
, 

D
elaw

~
re 

(3
8

°4
3

tN
) 

to
 C

ape H
a
tte

ra
s, 

N
o

rth
 C

aro
lin

a 

, 

( 35 °1
3

' N
). 

T
he 

zo
o

g
eo

g
rap

h
y

 o
f 

th
is reg

io
n
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 o
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p
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rt~
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u
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r 

in
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s
t b
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e ex
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ar·ine fau
n

a l 
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ape .IIa tte
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1
9

3
3

). · 
T

he 
d
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d
 fau
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o
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io

n
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as b
een

 
tre
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9
6

5
), 

W
illiam
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M
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9

6
8
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an
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e-V
ivas an

d
 G

ray 
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9
6

6
). 
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he 

la
tte
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th

o
rs 

a
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th

e 
e
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e
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C
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tte
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u
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D
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t N
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3
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-D

, 
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r .
.
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D
~
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p
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B
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to
 c

o
in

c
id

e
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O
v

ig
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u
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in
d

iv
id

u
a
ls w
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tu

red
 o

n
ly

 w
ith

in
 

29 
m

, 
and 

in
d

iv
id

u
a
ls 

show
ing ev

id
en

ce 
o

f 
re

c
e
n

t e
c
d

y
sis, 

w
ere 

reco
rd

ed
 

o
n

ly
 w

ith
in

 16 m
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A
bundance 

v
a
lu

e
s, 

s
tra

tifie
d

 by 
d

ep
th

 and la
titu

d
e
 and 

tem
p

eratu
re 

and 
la

titu
d

e
,a

re
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iv
en
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fig

~
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e
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la
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d
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PHASE 

12 

D
ISC

U
SSIO

N
 

Je
ffrie

s 
(1

9
6

6
) 

n
o

ted
 
th

a
t in

 N
arrag

an
sett B

ay, ·R
. 

I
., 

C
an

cer irro
ra

tu
s 

. 
and c. 

b
o

re
a
lis 

v
ery

 ra
re

ly
 o

ccu
r to

g
e
th

e
r, 

th
e
.fo

rm
e
r p

re
fe

rrin
g

 sa~
d

y
 

su
b

stra
te

s and 
th

e la
tte

r liv
in

g
 on 

ro
ck

y
 

b
o

tto
m

s w
ith

 
th

e lo
b

st~
r, 

H
om

arus 

am
erican

u
s. 

C
an

cer irro
ra

tu
s 

and c. 
b

o
re

a
lis do 

n
o

t ap
p

ear to
 b

e m
u

tu
ally

 

ex
clu

siv
e in

 C
hesapeake B

ig
h

t. 
R

ath
er th

e c
7 

v
alu

e o
f 

-0
.0

6
4

 is
 

n
o

t 

sig
n

ific
a
n

t and 
su

g
g

ests 
th

a
t 

th
e 

sp
ecies 

a
re

 d
istrib

u
te

d
 

random
ly ~

ith
 

re
sp

e
c
t 

to
 one 

an
o

th
er. 

C
o

n
v

ersel~
 c

7 fo
r H

ornarus 
am

erican
u

s 
and c. 

b
o

re
a
lis 

(0
. 5

7
1

) 
i_s 

sig
~

ific
a
n

t a
t 

th
e b. 001 

p
ro

b
a
b

ility
 le

v
e
l 

(
t =

 4. 830) 
. 

. 
and 

in
9

ic
a
te

s 
th

a
t H

. 
am

erican
u

s and c. 
b

o
re

a
lis 

a
re

 c
lo

se
ly

 a
sso

~
ia

te
d

. 
. 

--, 
-,-

. 

T
hese 

fin
d

in
g

s 
are n

o
t 

su
rp

risin
g

 b
ecau

s~
 

th
e 

b
ath

y
m

etric d
istrib

u
tio

n
 

· 

o
f H

. 
am

erican
u

s 
(fig

. 
4) 

is
 sim

ila
r to

 
th

a
t o

f c: 
b

o
re

a
lis, 

b
o

th
 sp

e
c
ie

s 

b
ein

g
 m

ost ab
u

n
d

an
t alo

n
g

 
th

e 
sh

e
lf ed

g
e. 

C
an

cer irro
ra

tu
s 

is
 w

id
esp

read
 

o
v

er th
e c

o
n

tin
e
n

ta
l sh

e
lf ·and 

v
ery

 ab
u

n
d

an
t 

in
sh

o
re. 

B
ottom

 ty
p

e, 
w

hich Je
ffrie

s 
(1

9
6

6
) 

th
o

u
g

h
t to

 b
e 

v
ery

 im
p

o
rtan

t in
 

se
g

re
g

a
tin

g
£

· 
irro

ra
tu

s 
fro

m
~

· 
b

o
re

a
lis 

a
n

d
~

-
am

erican
u

s ap
p

ears 
to

 

be le
ss 

im
p

o
rtan

t in
 

th
e C

hesapeake B
ig

h
t w

here 
ro

ck
y

 
su

b
stra

te
s a

re
 few

 

and 
o

ccu
r o

n
ly

 a
d

ja
c
e
n

t to
 

su
b

m
arin

e can
y

o
n

s. 
T

he 
sh

e
lf 

sed
im

en
ts c

o
n

sist 

m
o

stly
 o

f sand w
ith

 
o

ccasio
n

al p
atch

es o
f 

g
ra

v
e
l and 

th
e 

slo
{

B
sed

im
en

ts 

a
re

 m
o

stly
 s

ilt and c
la

y
 

(U
ch

u
p

i, 
1

9
6

3
). 

Th.e 
b

ath
y

m
etric d

istrib
u

tic
n

s 

o
f c. 

irro
ra

tu
s, f· 

b
o

re
a
lis and H

. 
arn

erican
u

s 
w

hen 
cqm

pared 
to

 
th

e 

b
ath

y
m

etric d
istrib

u
tio

n
 o

f sed
im

en
t 

ty
p

es 
su

g
g

est th
a
t an

y
 o

f 
th

e 
s~

e
c
ie

s 

m
ay 

be 
tak

en
 o

v
er any 

o
f 

th
e above 

sed
im

en
t ty

p
e
s, 

b
u

t th
e
 lik

e
lih

o
o

d
 

o
f 

fin
d

in
g

 c. 
irro

ra
tu

s 
o

v
er s~

ndy b
o

tto
m

s w
ould 

be 
g

re
a
te

r th
an

 
th

a
t 

~
-

o
f c

a
p

tu
rin

g
 it.o

v
e
r s

ilt, 
c
la

y
, 

o
r coa·r~

e canyon sed
im

en
ts. 

T
he 

conver·se 
is

 
ap

p
aren

t fo
r c. 

b
o

re
a
lis 

and 
H

. ·am
erfcan

u
s. 
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PHASE 
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T
he 

d
istrib

u
tio

n
 o

f C
. 

b
o

re
a
lis 

and 
C

. 
irro

ra
tu

s w
ith

in
 th

e d
em

ersal 

th
erm

al.reg
im

e o
f 

th
e C

hesapeake B
ig

h
t 

(fig
. 

3
) 

su
g

g
ests 

th
a
t c. 

b
o

re
a
lis 

m
ay · be m

are 
s teno"therm

al 
th

an
 C

. 
irro

ra
 tu

s. 
H

ow
ever, 

th
e ap

p
earan

ce o
f 

ste
n

o
th

e
rm

a
lity

 m
ay·be no m

ore 
th

an
 an

 a
rtifa

c
t o

f 
th

e abundance o
f c. 

b
o

re
a
lis alo

n
g

 th
e 

sh
e
lf 

edge w
here 

slo
p

e w
ater h

as a 
m

ore 
sta

b
le

 
tem

p
era

tu
re

 
reg

im
e 

th
an

 
th

a
t o

f c
o

a
sta

l w
ater on· th

e c
o

n
tin

e
n

ta
l sh

e
lf. 

S
a
ila

 and 
F

lo
w

ers 
(1

9
6

8
, 

1
9

6
9

) h
av

e 
show

n 
th

a
t H

. 
arn

erican
u

s 
from

 

th
e 

o
u

te
r sh

e
lf and 

u
p

p
er 

slo
p

e co
m

p
rise 

a 
p

o
p

u
latio

n
 d

iffe
re

n
t from

 
th

o
se 

fo
u

n
d

 
in

 N
ew

 
E

ngland 
in

sh
o

re w
aters. 

T
he 

sim
ila

rity
 in

 b
ath

y
m

etric d
is

-· 

trib
u

tio
n

 betw
een H

. 
am

erican
u

s 
and 

C
. 

b
o

re
a
lis 

su
g

g
ests 

th
a
t C

. 
b

o
re

a
lis 

m
ay 

a
lso

 be 
iso

la
te

d
 in

to
 in

sh
o

re and 
o

ffsb
o

re
 

p
o

p
u

latio
n

s. 
C

o
n

v
ersely

, 

th
e w

ide 
b

ath
y

m
etric d

istrib
u

tio
n

 o
f c. 

irro
ra

tu
s 

su
g

g
ests a 

co
n

tin
u

o
u

s 

p
o

p
u

latio
n

 from
 

so
u

th
ern

 -N
ew

 
E

ngland 
to

 
th

e C
hesapeake 

B
ig

h
t. 

T
he 

g
a
la

th
c
id

 H
unida 

iris
 w

as 
n

o
t cap

tu
red

 
sh

o
a
le

r 
th

an
 1

2
1

 m
. 

c
7 fo

r M
. 

iri~
 a

n
d

~
: 

am
erican

u
s 

is
 

0
.7

7
1

, 
a 

v
alu

e 
sig

n
ific

a
n

t a
t 

th
e 

0
.0

0
5

 le
v

e
l 

(
t =

 3
.2

9
) and C7 

fo
r~

· 
iris

 and 
C

. 
b

o
re

a
lis 

is
 

0
.7

7
8

, 
a· 

v
alu

e 
sig

n
ific

a
n

t a
t 

th
e 

0
.0

0
1

 le
v

e
l 

(
t =

 3
.4

4
). 

T
hese 

th
re

e
 

sp
e
c
ie

s 

form
 

th
e n

u
cleu

s 
o

f a 
sh

e
lf 

ed
g

e-u
p

p
er slo

p
e decapod fau

n
a 

w
hich a

lso
 

in
clu

d
es 

th
e 

ra
re

r sp
e
c
ie

s, 
N

ep
h

ro
p

sis 
a
c
u

le
a
ta

, 
B

ath
y

n
ectes 

su
p

erb
a 

and R
o

ch
in

ia c
ra

ssa
. 

G
eryon q

u
in

q
u

id
en

s, 
an

o
th

er d
ee.p

-w
ater form

 w
as 

cap
tu

red
 o

n
ce d

u
rin

g
 

th
e 

"S
ea B

reeze" cr.u
ises 

b
u

t w
e 

su
b

seq
u

en
tly

 

found 
it to

 be ab
u

n
d

an
t 

a
t 

400-1000 m
 (M

usick and M
cE

achran, 
M

.S
.). 

D
u

rin
g

 each
 seaso

n
 one 

sta
tio

n
 w

as 
m

ade 
w

ith
in

 
th

e G
u

lf S
tream

 and 

th
e fo

llo
w

in
g

 
sp

e
c
ie

s w
ere 

c?-ptured o
n

ly
 

th
ere.: 

P
o

rcellan
a 

sig
sb

e
ia

n
a
, 

D
ardanus 

in
sig

n
is, 

C
ulappa 

su
lc

a
ta

, 
P

o
rtu

n
u

s .sp
in

icarp
u

s and 
~

o
rtu

n
u

s 

sp
in

im
an

u
s. 

T
he 

firs
t fo

u
r o

f 
th

ese h
av

e 
tro

p
ic

a
l a

ffin
itie

s
 

(C
eram

e

V
ivas and G

rey
, ·1966; 

W
illiam

s, 
1

9
6

5
) 

and 
th

e la
s
t, 

C
aro

lin
~

an
. 

T
he 

G
u

lf 

S
tream

 th
erm

al fro
n

tw
as 

o
b

v
io

u
s d

u
rin

g
 b

o
th

 
seaso

n
s a

t 
th

e
 edge of 

tl"E 



1
1

 

PHASE 
12 

~
 · 

sh
e
lf betw

een C
ape 

H
atteras and 

O
regon 

In
le

t 
(fig

s. 
5 and 

6
). 

A
n

o
th

er 

form
 w

it~
 so

u
th

ern
 a

ffin
itie

s
, 

P
o

rtu
n

u
s g

ib
b

e
sii, 

w
as 

cap
tu

red
 b

o
th

 
in

 

th
e G

u
lf S

tream
 and 

elsew
h

ere and a
t a 

tem
p

eratu
re as 

low
 as 

6 
C

a
t one 

sta
tio

n
, 

w
hich w

as 
lo

c
a
te

d
 alo

n
g

 
th

e n
o

rth
w

est fro
n

t. o
f 

th
e G

u
lf 

S
tream

. 

T
he 

b
o

tto
m

 tem
p

eratu
re w

as 
1

8
 C

 w
ith

in
 a 

few
 

m
iles and 

th
e 

s pecirnen m
ay 

h
a

ve b
een

 stran
d

ed
 by 

th
e 

m
ean

d
erin

g
s 

o
f 

th
e 

stream
. 

T
he 

sib
lin

g
 sp

e
c
ie

s O
v

alip
es 

o
c
e
lla

tu
sa

n
d

 O
.g

u
ad

u
lp

en
sis w

ere 

cap
tu

red
 o

n
ly

 d
u

rin
g

 
th

e autum
n. 

In
 w

in
te

r 
th

ey
 m

ay 
burrow

 in
to

 
th

e 

b
o

tto
m

 and 
be 

u
n

av
ailab

le 
to

 a
. traw

l. 
W

illiam
s 

(1
9

6
2

) 
su

g
g

ested
 

th
a
t 

a
d

u
lt 

Q
. 

o
c
e
lla

tu
so

c
c
u

rre
d

 c
lo

se
r to

 
sh

o
re 

th
an

 O
. 

g
u

ad
u

lp
en

sis 
in

 
th

o
se 

, 
a
re

a
s w

here 
th

e
ir ran

g
es 

o
v

erlap
. 

T
he 

h
a
?
ita

t d
iffe

re
n

c
e
 m

ay 
be 

re
la

te
d

 
to

 d
iffe

re
n

c
e
s 

in
 

tem
p

eratu
re 

p
re

fe
re

n
c
e
s, 

b
ecau

se w
e 

cap
tu

~
ed

 

·O
. 

o
cellatu

s from
 

8 
to

 ~2 C
 and 

1
1

 
to

 
22 

m
 and o. 

g
u

ad
u

lp
en

sis 
from

 1
1

 to
 

. 1
9

 C
 an

d
 

1
8

 
to

 
49 

m
. 

V
ern

b
erg

 and 
V

ernberg -(1970) 
p

o
in

ted
 o

u
t 

th
a
t th

e 
to

le
ra

n
c
e
 
o

f 

Q~ 
o

c
e
lla

tu
s 

to
 e

le
v

a
te

d
 

tem
p

eratu
re 

is
 
sim

ila
r to

 
th

a
t o

f o. 
g

u
ad

u
lp

en
sis. 

H
ow

ever, 
th

ey
 a

lso
 found o. 

o
c
e
lla

tu
s 

to
 b

e 
to

le
ra

n
t o

f 
4 C

 fo
r 

p
ro

lo
n

g
ed

 

p
erio

d
s o

f 
tim

e w
ith

o
u

t ap
p

aren
t ha~m

. 
T

hey d
id

 n
o

t g
iv

e 
sim

ila
r lo

w
er 

le
th

a
l lim

it d
a
ta

 
fo

r 2· 
g

u
ad

u
lp

en
sis 

n
o

r d
id

 
th

ey
 exam

ine 
tem

p
eratu

re 

p
referen

ces of· th
e 

tw
o 

sp
e
c
ie

s. 

T
he 

p
rev

io
u

sly
 know

n 
ran

g
e _of o. 

g
u

ad
u

lp
en

sis 
ex

ten
d

ed
 

from
 N

o
rth

 

C
aro

lin
a 

to
 B

ra
z
il (V

ern
b

erg
 ~nd 

V
ern

b
erg

, 
1

9
7

0
). 

W
e 

now
 

ex
ten

d
 

th
is 

ran
g

e n
o

rth
 w

ith
in

 
th

e C
hesapeake B

ig
h

t to
 

th
e 

V
irg

in
ia

 c
o

a
st. 

Its
 

p
resen

ce h
ere 

is
 n

o
t su

rp
risin

g
. 

O
th

er so
u

th
ern

 form
s 

su
ch

 as 
P

o
rtu

n
u

s 

g
ib

b
e
sii w

ere a
lso

 cap
tu

red
 on 

th
e 

c
o

n
tin

e
n

ta
l sh

e
lf in

sh
o

re d
u

rih
g

 
th

e 

fa
ll. 

In
 

th
e w

in
te

r, 
th

e 
in

n
e
r sh

e
lf m

ay 
su

p
p

o
rt b

o
re

a
l sp

e
c
ie
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th
 s

tra
ta

 
in

 b
o

th
 

th
e n

o
rth

ern
 an

d
 

so
u

th
ern

 se
c
to

rs.· 



2 
PHASE. 

12 

D
uring sp

rin
g

 and 
sununer 

sm
~

ll lo
b

ste
rs 

w
ere cau

g
h

t in
 som

e 
q

u
a
n

tity
 

n
o

rth
 o

f 37°N
 a

t in
term

ed
iate d

ep
th

s, 
acco

u
n

tin
g

 
fo

r 
th

e 
re

la
tiv

e
ly

 h
ig

h
 

abundance 
in

d
ic

e
s 

in
 41 

to
 60 

fathom
s 

(F
ig

s. 
2 and 

3
). 

A
s 

a 
g

e
n

e
ra

l 

ru
le

, 
lo

b
ste

rs o
f d

e
sira

b
le

 s·izes w
ere a

t d
ep

th
s 

g
re

a
te

r th
an

 60 r a thorns 
d

u
rin

g
 a

ll seaso
n

s. 
A

s 
m

any 
a
s 167 .pounds w

ere 
cau

g
h

t in
 a 

o
n

e-h
o

u
r 

tow
. 

T
he la

rg
e
st catch

es w
ere ~

ade betw
een N

o
rfo

lk
 C

anyon and W
ilm

ington 

C
anyon 

d
u

rin
g

 
th

e 
fa

ll and w
in

ter. 

L
o

b
sters 

w
ere 

cau
g

h
t a

t b
o

tto
m

 w
ater tem

p
eratu

res o
f 

4 
to

 
20°C

 
b

u
t 

th
e ran

g
e o

f 
from

 9° 
to

 12° 
produced 

th
e 

b
e
st catch

es. 
T

he 
h

ig
h

 v
alu

e 

a
t 16° 

in
 F

ig
u

re 6 
re

su
lte

d
 from

 a 
sin

g
le

 u
n

u
su

ally
 la

rg
e
 catch

. 
B

ottom
 

w
ater·tem

p
eratu

re ch
an

g
es little

 from
 one 

seaso
n

 
to

 
th

e n
ex

t in· th
e
 a

re
a
 

from
 

th
e 60 

fathom
 co

n
to

u
r to

 
th

e edge o
f 

the· sh
e
lf. 

L
o

b
sters a

p
p

a
re

n
tly

 

fin
d

 
in

 
th

is.sta
b

le
 

th
erm

al reg
im

e a 
sa

tisfa
c
to

ry
·e

n
v

iro
n

m
e
n

t. 

· S
callo

p
s 

T
he num

bers o
f pounds 

o
f 

sc
a
llo

p
s cau

g
h

t a
t each

 sta
tio

n
 d

u
rin

g
 each

 

seaso
n

 are 
show

n 
in

 F
ig

u
res 

7 
to

 1
1

. 
.. S

easo
n

al ch
an

g
es in

 d
istrib

u
tio

n
· 

and abundance 
o

th
e
r th

a
n

.th
o

se
 a

ttrib
u

ta
b

le
 to

 
th

e h
ig

h
ly

 co
n

tag
io

u
s 

d
istrib

u
tio

n
 o

f 
th

e 
sc

a
llo

p
s w

ere n
o

t.a
p

p
a
re

n
t. 

T
h

erefo
re, 

th
e d

a
ta

 
fo

r 

a
ll seaso

n
s w

ere com
bined .. A

 lo
g

 tran
sfo

rm
atio

n
 w

as 
ap

p
lied

 
to

 
th

e 

num
bers 

o
f sc

a
llo

p
s 

cap
tu

red
 a

t each
 
sta

tio
n

 and 
abundance v

alu
es w

ere 

c
a
lc

u
la

te
d

 fo
r 

six
 d

ep
th

 s
tra

ta
 n

o
rth

 o
f .·37°N

 · 
la

titu
d

e
 and fo

r 
six

 

s
tra

ta
 so

u
th

 o
f 

37°N
 

(F
ig

. 
1

2
). 

N
o

rth
 o

f 
37°N

 sc
a
llo

p
s w

ere cau
g

h
t betw

een 
21 and 

52 
fath

o
m

s. 
S

o
u

th
 

o
f 

37°N
 sc

a
llo

p
s w

ere cau
g

h
t from

 19 
to

 55 fath
o

m
s. 

A
lthough th

e d
e
p

th
. 

ran
g

e a
t w

hich 
sc

a
llo

p
s w

ere cap
tu

red
 is 

sim
ila

r in
 

th
e 

tw
o 

a
re

a
s, 

sc
a
llo

p
s 

in
 th

e
 

so
u

th
ern

 a
re

a
 w

ere m
ore 

abundant:."deeper 
th

an
 40 

fath
o

m
s. 



3 
PHASE 

12 

T
he 

g
re

a
te

st catch
 so

u
th

 o
f 

37°N
 w

as 
m

ade 
d

u
rin

g
 

th
e 

sum
m

er a
t 3

6
°0

S
'N

, 

74°52'W
 1

n
 44 

fath
o

m
s. 

In
 

th
e n

o
rth

ern
 area m

any 
catch

es w
ere m

ade 

alo
n

g
 

th
e 

40 
fathom

 iso
b

a
th

 betw
een W

ashington C
anyon and W

ilm
ington 

C
anyon. 

T
he 

m
o

st p
ro

d
u

ctiv
e sta

tio
n

s w
ere n

ear th
e 

in
sh

o
re ex

ten
sio

n
s 

o
f 

th
e
se

 canyons and B
altim

o
re C

anyon 
(F

ig
s. 

8
-1

2
). 
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. F
-ig

u
re .1

. 
.D

is
trib

u
tio

n
 an

d
 

ab
u

n
d

an
c~

 
o

f 
lo

b
s
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in

 
C

h
esap

ea'\{e 
B

ig
h

t, 

w
in

te
r 

1
9

6
7
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ig
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D
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 an
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ab

u
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d
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o

f 
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b
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h
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eak

e B
ig

h
t, 
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rin

g
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c
:
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-
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-
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7
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D
istrib

u
tio

n
 an

d
 

abunda1.1ce -0r 
lo

b
ste

rs 
in

 C
h

esap
eak

e 
:B

ig
h

t, 

sum
m

er 
1

9
6

7
. 
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F
ig

u
re
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D

istrib
u

tio
n

 an
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ab

u
n

d
an

ce 
o

f 
lo

b
ste
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 C
h

esap
eak

e 
B

ig
h
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fa
ll 

1
9

6
7
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PHASE· 
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D
istrib

u
tio

n
 an

d
 

ab
u

n
d

an
ce.o

f lo
b

s
te

rs
·in

 C
h

esap
eak

e 
B

ig
h

t, 

w
in

te
r 1

9
6

8
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PER

A
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R
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F
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D
istrib

u
tio

n
 of lo

b
sters in

 re
la

tio
n

 
to

 
tem

p
eratu

re o
f 

th
e 

~
 

b
o

tto
m

 w
ater. 
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PHASE 
12 

D
istrib

u
tio

n
 aH

d 
ab

u
n

d
an

ce 
o

f 
sea 

sc
a
llo

p
s 

in
 C

h
esap

eak
e 

B
ig

h
t, 

w
in

te
r 1

9
6

7
. 
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9

G
7

 
P

O
U

N
D

S
 

·PE
R

 
T

O
W

 

F
ig

u
re

 a·.· ··· D
is

trib
u

tio
n

 ·an
d

 
a

b
u

n
d

a
n

ce
. o

f ·sea. -sc
a
llo

p
s 

in
 
C

h
esap

eak
e· B

ig
h

t, 

s
p

rin
g

 
1

9
6

7
. 
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.igure 

9
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D
is

trib
u

tio
n

 
an

d
 

ab
u

n
d

an
ce 

o
f 

se
a
 
s
c
a
llo

p
s
 

in
 C

h
esap

e.ak
e 

B
ig

h
t, 

· 

su
m

m
e

r 
1

9
6

 7
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-. .f.ig
u

re
 .10 .... D

is
trib

u
tio

n
 .an

d
 43bundancr. 

o
f 

sea. s
c
a
llo

p
s
 
in

 
C

h
e
sa

p
e
a
k

e
 B

ig
h

t;. 

fa
ll 1

9
6

7
. 
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F
ig

u
re 1

1
. 

D
istrib

u
tio

n
 and 

abundance 
o

f 
sea scallo

p
~

 
in

 C
h

esap
eak

e B
ig

h
t,\ 

w
in

te
r 1

9
6

8
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NO
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0 
co 
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0 

0 
0 
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<
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0 
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,q

 
(£

) 
en 

en 
3

7
° 

I 
I 

I 
I 

I 

-
-

A
 

! 
I.J... 

0 
-

"' 
,q

 
U

) 

0 
0 

X
 

S
O

U
T

H
 

w
 

0 z 

2 

F
ig

u
re 1

2
. 

In
d

ex
 o

f abundance o
f 

sea sc
a
llo

p
s 

in
 re

la
tio

n
 
to

 d
ep

th
. 

-
~

\
.
 



In
fo

rm
atio

n
 

P
ro

v
id

ed
 

to
 

In
d

u
stry

 and S
c
ie

n
tific

 C
om

m
unity 

T
hroughout 

th
e co

u
rse 

o
f th

e
 
in

v
e
stig

a
tio

n
 

th
e 

in
d

u
stria

l fish
in

g
 

in
d

u
stry

 w
as 

k
ep

t 
in

fo
rm

ed
. 

A
 sum

m
ary 

o
f 

th
e fin

d
in

g
s 

o
f 

each
 

seaso
n

al 

c
ru

ise
 w

as 
se

n
t to

 th
e N

atio
n

al F
ish

 M
eal and O

il A
ss·ocia tio

n
 fo

r d
is -

trib
u

tio
n

 
to

 its
 m

em
bership. 

T
he 

in
fo

rm
atio

n
 
in

 
th

e sum
m

aries h
as 

b
een

 

p
resen

ted
 
in

 th
is 

re
p

o
rt u

n
d

er P
h

ases 
4

, s, 
7

, 
8

, 
9. 

In
 a

d
d

itio
n

 
th

e 

in
fo

rm
atio

n
 em

bodied 
in

 
P

hase 10 w
as 

p
resen

ted
 
in

 an
 illu

s
tra

te
d

 
ta

lk
 

to
 NM

FOA 
a
t th

e
 an

n
u

al m
eetin

g
 in

 1968. 

In
fo

rm
atio

n
 o

f g
e
n

e
ra

l in
te

re
st w

as 
re

le
a
se

d
 

to
 

th
e new

s 
m

edia. 

R
esu

ltin
g

 new
spaper a

rtic
le

s
 and 

te
le

~
isio

n
 new

s 
co

v
erag

e g
en

erated
 

sev


e
ra

l re
q

u
e
sts 

fo
r 

in
fo

rm
atio

n
 w

hich w
ere h

an
d

led
 on an 

in
d

iv
id

u
a
l b

a
sis. 

T
he 

fish
in

g
 com

m
unity w

as 
a
lso

 k
e
p

t in
fo

rm
ed

 by m
eans 

o
f 

in
fo

rm
al 

d
o

ck
sid

e co
n

v
ersatio

n
s and 

by m
eans 

o
f ra

d
io

 c
o

n
ta

c
t w

hen 
w

e 
w

ere 
w

o
rk

in
g

 

a
t sea. 

In
fo

rm
atio

n
 w

as 
tra

n
sm

itte
d

 
to

.th
e
 sc

ie
n

tific
 com

m
unity by 

p
re

se
n

ta


tio
n

 o
f 

p
ap

ers a
t m

eetin
g

s 
o

f 
fish

e
rie

s 
and 

o
cean

o
g

rap
h

ic so
c
ie

tie
s. 

A
t 

th
e
 3

0
th

 an
n

u
al m

eetin
g

 o
f 

th
e A

m
erican S

o
ciety

 o
f L

im
nology and 

O
cean

o
g

rap
h

y
 in

 
1

9
6

7
, 

a 
p

ap
er w

as 
g

iv
en

 e
n

title
d

 S
easo

n
al D

istrib
u

tio
n

 o
f 

Som
e 

B
en

th
ic F

ish
es o

f C
hesapeake B

ig
h

t. 
T

he 
p

ap
er w

as 
b

ased
 on 

P
hase 

1
0

, 
P

a
rt 1 

o
f 

th
is 

re
p

o
rt. 

T
h

is 
~

p
e
r w

as 
a
lso

 
p

resen
ted

 a
t a 

jo
in

t m
eet

in
g

 o
f 

th
e US 

and R
u

ssian
 sc

ie
n

tists w
ho 

to
o

k
 

p
a
rt in

 
th

e 
firs

t 
jo

in
t 

g
ro

u
n

d
fish

 su
rv

ey
 in

 
th

e fa
ll o

f 1967. 
A

 p
ap

er e
n

title
d

, S
easo

n
al A

v
ail

a
b

ility
 and D

istrib
u

tio
n

 o
f B

en
th

ic F
ish

es 
o

f C
hesapeake B

ig
h

t w
as 

p
re

sen
ted

 a
t 

th
e 

9
9

th
 an

n
u

al m
eetin

g
 o

f th
e
 A

m
erican F

ish
e
rie

s S
o

ciety
 in

 

~
~
-

1969. 
A

n 
ex

p
an

sio
n

 o
f 

th
a
t p

ap
er co

m
p

rises 
P

hase 1
1

 o
f 

th
is 

re
p

o
rt. 



2 

T
he 

ech
o

-so
u

n
d

er tra
c
e
s 

o
f m

id
w

ater fish
e
s 

o
b

tain
ed

 d
u

rin
g

 
th

e 

co
u

rse o
f 

th
is 

su
rv

ey
 w

ere 
a 

p
a
rt o

f 
th

e d
a
ta

 b
ase w

hich le
d

 
to

 an
 

e
x

p
lo

ra
tio

n
 fo

r 
sch

o
o

lin
g

 p
elag

ic fish
e
s 

in
 th

e
 M

iddle A
tla

n
tic

 B
ig

h
t 

in
 1969. 

(S
ee D

av
is, 

Jack
so

n
, 

1970. 
E

x
p

lo
rin

g
 fo

r.sc
h

o
o

lin
g

 
p

elag
ic 

fish
e
s 

in
 M

iddle A
tla

n
tic

 B
ig

h
t. 

C
om

m
ercial F

ish
e
rie

s R
eview

. 
V

ol. 
3

2
, 

N
o

. 
3

.) 

A
n

c
illa

ry
 in

fo
rm

atio
n

 h
as a

lso
 been o

f 
in

te
re

st to
 

th
e fish

in
g

 

in
d

u
stry

. 
S

ev
eral in

te
re

sts have 
been 

p
ro

v
id

ed
 w

ith
 o

u
r d

a
ta

 ab
o

u
t 

sc
a
llo

p
s and 

lo
b

ste
rs. 

O
ne 

o
f 

th
ese h

as 
e
sta

b
lish

e
d

 a 
lo

b
ste

rin
g

 v
en

tu
re 

in
 

th
e C

hesapeake B
ig

h
t. 
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SEA
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N
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V

A
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B
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D
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B
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E
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O
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K
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B
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H

T 

b
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Jack
so

n
 D

av
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J. 
A

. 
M

u
sick

, 
an

d
 E

. 
B

. 
Jo

sep
h

 
I; 

V
irg

in
ia

 
In

s
titu

te
 o

f M
arin

e 
S

cien
ce 

G
lo

u
c
e
ste

r P
o

in
t, 

V
irg

in
ia

 

Sum
m

ary 
o

f P
ro

je
c
t 

3
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-D
 

C
om

m
ercial 

F
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e
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esearch

 an
d
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ev
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p

m
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t A
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In
 c

o
n

sid
e
rin

g
 

th
e
 p

o
te

n
tia

l 
fo

r 
ex

p
an

d
in

g
 

th
e
 

M
id

d
le A

tla
n

tic
 
fish

e
ry

, 
V

irg
in

ia
 In

s
titu

te
 o

f M
arin

e 

S
cien

ce 
e
stim

a
te

d
 th

e
 

se
a
so

n
a
l 

d
istrib

u
tio

n
 an

d
 a

v
a
ila

b
ility

 

o
f b

e
n

th
ic

 
fish

e
s 

on 
th

e
 

1
5

,0
0

0
 sq

u
are m

ile
s 

o
f c

o
n

tin
e
n

ta
l 

sh
e
lf b

etw
een

 C
ape 

H
a
tte

ra
s 

an
d

 C
ape M

ay. 
T

he 
su

rv
ey

, 

w
h

ich
 
s
ta

rte
d

 
in

 
th

e
 w

in
te

r o
f 1966 an

d
 c

o
n

tin
u

e
d

 
th

ro
u

g
h

 

th
e
 w

in
te

r o
f 1

9
6

8
, 

w
as 

co
n

d
u

cted
 in

 
tw

o p
h

a
se

s. 
T

he w
ork 

in
 

1966 w
as 

d
ev

o
ted

 
to

 
d

eterm
in

in
g

 
th

e
 

se
a
so

n
a
l 

d
istrib

u
tio

n
 

o
f th

e
 v

a
rio

u
s 

k
in

d
s 

o
f 

fish
e
s, 

e
sp

e
c
ia

lly
 th

o
se

 w
h

ich
 

ap
p

eared
 
to

 
b

e u
n

d
e
r-u

tiliz
e
d

. 
F

o
r.th

is w
ork a 

4
5

-fo
o

t 

se
m

i-b
a
llo

o
n

 
sh

rim
p

 
tra

w
l w

as 
em

p
lo

y
ed

 
to

 m
ake 

295 
tow

s 

w
h

ich
 w

ere 
d

iv
id

e
d

 am
ong 

th
e
 

fo
u

r 
se

a
so

n
s. 

In
 

th
e
 

seco
n

d
 

p
h

ase, 
co

n
d

u
cted

 in
 

1967 
an

d
 

1
9

6
8

, 
th

e
 
o

b
je

c
tiv

e
 w

as 
to

 

e
stim

a
te

 
th

e
 
q

u
a
n

tity
 o

f 
fish

 p
o

te
n

tia
lly

 a
v

a
ila

b
le

 
to

 

tra
w

le
rs, 

sh
o

u
ld

 a 
m

ark
et b

e 
d

ev
elo

p
ed

. 
A

v
a
ila

b
ility

 is
 

e
x

p
re

sse
d

 in
 

term
s 

o
f 

th
e
 
q

u
a
n

tity
 o

f 
fish

e
s 

th
a
t w

ere 

cau
g

h
t b

y
 a 

sp
e
c
ific

 
tra

w
l. 

W
e ·used an

 
o

tte
r 

tra
w

l, 
th

e
 

A
tla

n
tic

 W
estern

 M
odel 

IV
, 

w
h

ich
 
is

 
a 

fo
u

r-seam
 n

e
t h

av
in

g
 

a 
h

ead
ro

p
e o

f 54 
fe

e
t 

an
d

 a 
fo

o
tro

p
e
 

o
f 

78 
fe

e
t. 

S
tre

tc
h

e
d

 

m
esh 

siz
e
s w

ere 
8 

in
c
h

e
s 

in
 
th

e
 b

o
d

y
, 

6 
in

ch
es 

in
 

th
e
 

e
x

te
n

sio
n

, 
an

d
 4 

in
ch

es 
in

 
th

e
 co

d
en

d
. 

N
early

 350 
tra

w
l 

tow
s w

ere m
ade. 

T
he n

e
t w

as 
fish

e
d

 
fro

m
 th

e
 

SEA
 

B
R

EEZE, 

an
 

88 
g

ro
ss 

to
n

 
sid

e
 

tra
w

le
r 

o
f 340 h

.p
. 

T
h

is w
ork w

as 

su
p

p
o

rted
 b

y
 

th
e
 

C
onnnercial 

F
ish

e
rie

s 
R

esearch
 an

d
 D

ev
elo

p


m
en

t A
ct, 

P
ro

je
c
t N

o. 
3
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To 
e
stim

a
te

 
th

e
 
q

u
a
n

tity
 o

f 
fish

 
a
v

a
ila

b
le

 
to

 

th
e
 A

tla
n

tic
 W

estern
 

tra
w

l, 
w

e 
c
o

n
v

e
rte

d
 o

u
r 

c
a
tc

h
 in

 

each
 o

n
e-h

o
u

r 
tow

 
to

 
p

o
u

n
d

s 
p

e
r n

a
u

tic
a
l m

ile
, 

an
d

 
fin

a
lly

 

to
 p

o
u

n
d

s 
(o

r 
to

n
s) 

in
 

th
e
 
a
re

a
 

co
v

ered
 b

y
 each

 o
f 

th
e
 

se
v

e
ra

l 
d

ep
th

 
s
tra

ta
 

show
n 

in
 F

ig
u

re
 

1
. 

M
easu

rem
en

ts 
o

f 

an
 A

tla
n

tic
 W

estern
 

tra
w

l b
y

 
th

e
 

BCF 
E

x
p

lo
ra

to
ry

 F
ish

in
g

 

an
d

 G
ear R

esearch
 B

ase a
t G

lo
u

c
e
ste

r, 
M

a
ssa

c
h

u
se

tts, 

in
d

ic
a
te

d
 th

a
t 

th
e
 h

ead
ro

p
e w

as 
9 

to
 

11 
fe

e
t 

ab
o

v
e 

th
e
 

b
o

tto
m

 an
d

 
th

a
t 

th
e
 m

o
u

th
 o

p
en

in
g

 w
as 

34 
to

 
37 

fe
e
t w

id
e. 

In
 e

stim
a
tin

g
 

th
e
 
q

u
a
n

tity
 
o

f fis
h

 a
v

a
ila

b
le

 
to

 
th

is
 

tra
w

l 

w
e 

h
av

e 
assu

m
ed

 a 
la

te
ra

l m
outh o

p
en

in
g

 o
f 35 

fe
e
t, 

th
u

s 

n
e
g

le
c
tin

g
 an

y
 h

e
rd

in
g

 
e
ffe

c
t o

f 
th

e
 b

rid
le

s 
an

d
 g

ro
u

n
d



w
ire

s. 
W

e 
s
tre

s
s
 

th
e
 p

o
in

t 
th

a
t 

o
u

r e
stim

a
te

 
is

 
o

f 
q

u
a
n

tity
 

o
f 

fis
h

 a
v

a
ila

b
le

 
to

 
a 

c
e
rta

in
 

ty
p

e n
e
t. 

H
ad 

w
e 

u
sed

 

o
th

e
r n

e
ts 

th
e
 
e
stim

a
te

s w
o

u
ld

 b
e 

som
ew

hat 
d

iffe
re

n
t. 

N
e
v

e
rth

e
le

ss, 
th

e
 

e
stim

a
te

s 
a
re

 u
se

fu
l 

as 
o

rd
e
r-o

f-

m
ag

n
itu

d
e 

in
d

ic
a
to

rs 
o

f q
u

a
n

tity
 o

f 
fis

h
 p

o
te

n
tia

lly
 a

v
a
ila

b
le

. 

T
he 

econom
ic 

p
o

te
n

tia
l o

f 
th

e
 
re

so
u

rc
e
s 

w
ere 

c
o

n
sid

e
re

d
 b

y
 

g
ro

u
p

in
g

 
th

e
 

sp
e
c
ie

s 
in

to
 

3 
c
a
te

g
o

rie
s: 

fo
o

d
 

fish
, 

sp
in

y
 

d
o

g
fish

 an
d

 
tra

sh
 fish

. 
T

he 
firs

t 
c
a
te

g
o

ry
 

c
o

n
sists 

o
f 

th
o

se
 

few
 

sp
e
c
ie

s now
 

cau
g

h
t b

y
 

tra
w

le
rs 

an
d

 

m
ark

eted
 
fo

r hum
an 

fo
o

d
, 

~
nd w

h
ich

 a
re

 
cau

g
h

t 
in

 
s
u

ffic
ie

n
t 

q
u

a
n

tity
 

to
 
ju

s
tify

 th
e
 

ta
sk

 o
f 

se
p

a
ra

tin
g

 
them

 from
 

th
e
 

u
n

sa
la

b
le

 p
o

rtio
n

 o
f 

th
e 

c
a
tc

h
. 

In
c
lu

d
e
d

 a
re

: 

scu
p

 

b
la

c
k

 seab
ass 

sum
m

er 
flo

u
n

d
e
r 

S
ten

o
to

m
u

s 
ch

ry
so

p
s 

C
e
n

tro
p

riste
s 

s
tria

tu
s
 

P
a
ra

lic
h

th
y

s 
d

e
n

ta
tu

s 
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b
u

tte
rfis

h
 

A
tla

n
tic

 c
ro

a
k

e
r 

sp
o

t 

P
e
p

rilu
s 

tria
c
a
n

th
u

s 

M
icro

p
o

g
o

n
 u

n
d

u
la

tu
s 

L
eio

sto
m

u
s 

x
a
n

th
u

ru
s 

T
he 

sp
in

y
 d

o
g

fish
, 

S
g

u
alu

s 
a
c
a
n

th
ia

s, 
is

 
c
o

n
sid

e
re

d
 

se
p

a
ra

te
ly

 b
ecau

se 
it c

o
n

stitu
te

s 
th

e
 m

ajo
r p

ro
p

o
rtio

n
 o

f 

th
e
 
c
a
tc

h
 an

d
 
is

 
a 

p
o

te
n

tia
l 

fish
e
ry

 
re

so
u

rc
e
. 

F
o

r 
la

c
k

 

o
f m

ark
et 

it 
is

 
a
t p

re
se

n
t 

a 
n

u
isa

n
c
e
 

sp
e
c
ie

s w
h

ich
 
is

 

av
o

id
ed

 b
y

 
fish

erm
en

. 

A
ll 

o
th

e
r 

sp
e
c
ie

s 
a
re

 
lum

ped as 
"
tra

sh
"
. 

In
 

u
sin

g
 
th

is
 

term
 w

e 
h

av
e 

fo
r 

co
n

v
en

ien
ce ad

o
p

ted
 

th
e
 

e
x

istin
g

 
term

in
o

lo
g

y
. 

T
h

is 
g

ro
u

p
 

o~
 

sp
e
c
ie

s 
is

 
a 

s
ig

n
ifi

c
a
n

t p
ro

te
in

 re
so

u
rc

e
 

fo
r w

h
ich

 m
ark

ets 
sh

o
u

ld
 b

e 
d

ev
elo

p
ed

. 

T
he 

co
m

p
o

sitio
n

 o
f 

th
e
 
tra

sh
 ch

an
g

es 
se

a
so

n
a
lly

. 
In

 w
in

te
r 

im
p

o
rta

n
t 

sp
e
c
ie

s 
in

c
lu

d
e
: 

g
o

o
se

fish
 

sp
o

tte
d

 h
ak

e 

.red
 h

ak
e 

s
ilv

e
r h

ak
e 

n
o

rth
e
rn

 
se

a
ro

b
in

 

ro
s
e
tte

 
sk

a
te

 

little
 
sk

a
te

 

w
in

te
r 

sk
a
te

 

c
le

a
rn

o
se

 
sk

a
te

 

fo
u

rsp
o

t 
flo

u
n

d
e
r 

w
indow

pane 
flo

u
n

d
e
r 

L
o

p
h

iu
s 

am
erican

u
s 

U
ro

p
h

y
cis 

re
g

iu
s 

U
. 

ch
u

ss 

M
er.lu

cciu
s 

b
ilin

e
a
ris

 

P
rio

n
o

tu
s 

c
a
ro

lin
u

s 

R
aja 

g
arm

an
i 

R
. 

e
rin

a
c
e
a
 

R
. 

o
c
e
lla

ta
 

R
. 

e
g

la
n

te
ria

_
 

P
a
ra

lic
h

th
y

s 
o

b
lo

n
g

u
s 

S
co

p
h

th
alm

u
s 

ag
u

o
su

s 

In
 sununer 

se
v

e
ra

l 
sp

e
c
ie

s m
ove 

n
o

rth
w

ard
. 

R
em

ain
in

g
 a

s 

im
p

o
rta

n
t 

co
m

p
o

n
en

ts 
o

f 
th

e
 

tra
sh

 a
re

: 
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sp
o

tte
d

 h
ak

e 

n
o

rth
e
rn

 
se

a
ro

b
in

 

ro
s
e
tte

 
sk

a
te

 

U
ro

p
h

y
cis 

re
g

iu
s 

P
rio

n
o

tu
s 

c
a
ro

lin
u

s 

R
aja 

g
arm

an
i 

c
le

a
rn

o
se

 
sk

a
te

 
R

. 
e
g

la
n

te
ria

 

In
 d

eep
 w

a
te

r 
th

e
 

fo
u

rsp
o

t 
flo

u
n

d
e
r 

rem
ain

s 
an

d
 
in

 
sh

allo
w

 

w
a
te

r 
th

e
 

la
rg

e
 ro

u
g

h
ta

il 
stin

g
ra

y
 D

a
sy

a
tis 

c
e
n

tro
u

ra
 

becom
es 

im
p

o
rta

n
t, 

n
o

t 
so

 m
uch 

in
 n

u
m

b
ers 

as 
in

 w
e
ig

h
t. 

T
em

p
eratu

re p
a
tte

rn
s 

o
f 

th
e
 b

o
tto

m
 w

a
te

rs 
(F

ig
. 

2
) 

in
d

ic
a
te

 
th

a
t 

te
m

p
e
ra

tu
re

 ch
an

g
es 

little
 fro

m
 

sum
m

er 
to

 

w
in

te
r on 

th
e
 
o

u
te

r 
sh

e
lf, 

b
u

t 
th

a
t n

e
a
rsh

o
re

 w
a
te

rs 
a
re

 

w
arm

 
in

 sum
m

er 
an

d
 c

o
ld

 
in

 w
in

te
r. 

"E
d

d
ies 

fro
m

 
th

e
 

G
u

lf 

S
tream

 p
ro

d
u

ce 
an

 
irre

g
u

la
rly

 ch
an

g
in

g
 

th
erm

al p
a
tte

rn
 in

 
th

e
 

se
c
tio

n
 

fro
m

 C
ape H

a
tte

ra
s 

to
 

ab
o

u
t 

36° 
N

 la
titu

d
e
. 

C
hange 

in
 
se

a
so

n
a
l 

d
is

trib
u

tio
n

 
o

f 
th

e
 

fish
e
s 

re
s
u

lts
 

fro
m

 
tw

o 
g

e
n

e
ra

l m
ig

ra
to

ry
 p

a
tte

rn
s. 

O
ne 

g
ro

u
p

 
o

f 

fish
e
s 

m
ig

ra
te

s 
to

 
h

ig
h

e
r 

la
titu

d
e
s
 

in
 

sum
m

er 
an

d
 g

o
es 

so
u

th
 in

 w
in

te
r. 

T
he 

o
th

e
r p

a
tte

rn
 
is

 
p

rim
a
rily

 a 

m
ovem

ent 
in

sh
o

re
 

in
 

sum
m

er 
an

d
 o

ffsh
o

re
 
in

 w
in

te
r, 

a
lth

o
u

g
h

 

som
e 

n
o

rth
-so

u
th

.m
o

v
em

en
t m

ay 
b

e 
in

v
o

lv
e
d

 a
lso

. 
Som

e 

sp
e
c
ie

s m
ove 

little
 b

etw
een

 o
n

e 
seaso

n
 an

d
 a

n
o

th
e
r. 

M
ig

rato
ry

 p
a
tte

rn
s 

o
f 

th
e
 m

ore n
u

m
ero

u
s 

u
n

d
e
r-u

tiliz
e
d

 

sp
e
c
ie

s 
a
re

 
d

e
sc

rib
e
d

 b
elo

w
. 

S
p

in
y

 d
o

g
fish

 a
re

 
stro

n
g

ly
 m

ig
ra

to
ry

, 
b

e
in

g
 

th
e
 

m
o

st 
ab

u
n

d
an

t 
fis

h
 
in

 
th

e
 C

h
esap

eak
e 

B
ig

h
t 

d
u

rin
g

 w
in

te
r 

an
d

 
co

m
p

letely
 d

e
se

rtin
g

 
th

e
 
a
re

a
 
fo

r m
ore n

o
rth

e
rn

 w
a
te

rs 

in
 
th

e
 

sunnner 
(F

ig
. 

3
). 

G
o

o
sefish

 
(allm

o
u

th
) 

h
av

e 
a 

sim
ila

r 

m
ig

ra
to

ry
 p

a
tte

rn
 

(F
ig

. 
4

). 
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T
he 

n
o

rth
e
rn

 
se

a
ro

b
in

, 
p

ro
b

ab
ly

 
th

e
 

seco
n

d
 

m
o

st 
ab

u
n

d
an

t 
b

o
tto

m
 sp

e
c
ie

s 
in

 
C

h
esap

eak
e 

B
ig

h
t m

oves 

in
sh

o
re

 
in

 
sununer 

an
d

 o
ffsh

o
re

 
in

 w
in

te
r 

(F
ig

. 
5

). 
T

he 

se
a
ro

b
in

 p
o

p
u

la
tio

n
 p

ro
b

a
b

ly
 h

as 
a 

n
o

rth
-so

u
th

 co
m

p
o

n
en

t 
to

 

its
 m

ig
ra

tio
n

 
a
lso

, 
b

u
t 

o
u

r 
d

a
ta

 a
re

 n
o

t 
c
o

n
c
lu

siv
e
 on 

th
a
t 

p
o

in
t. 

T
he 

re
d

 h
ak

e 
an

d
 
s
ilv

e
r h

ak
e 

(w
h

itin
g

) 
a
lso

 

m
ove 

in
sh

o
re

 
in

 
sum

m
er 

an
d

 o
ffsh

o
re

 
in

 w
in

te
r 

(F
ig

s. 
6

, 
7

). 

T
he 

fa
c
t 

th
a
t 

th
e
se

 
tw

o 
sp

e
c
ie

s 
a
re

 m
ore 

ab
u

n
d

an
t 

in
 w

in
te

r 

th
an

 
in

 sum
m

er 
in

d
ic

a
te

s 
th

a
t 

th
e
y

 h
av

e 
a 

n
o

rth
-so

u
th

 com


p
o

n
en

t 
to

 
th

e
ir m

ig
ra

tio
n

 a
lso

. 
S

p
o

tte
d

 h
ak

e, 
on 

th
e
 
o

th
e
r 

h
an

d
, 

seem
 to

 m
ove 

m
o

stly
 
in

sh
o

re
 

an
d

 o
ffsh

o
re

 w
ith

 b
u

t 

little
 n

o
rth

-so
u

th
 m

ovem
ent 

(F
ig

. 
8

). 

Tw
o 

sp
e
c
ie

s 
o

f 
fla

tfis
h

, 
w

indow
·pane 

flo
u

n
d

e
r 

an
d

 

fo
u

rsp
o

t 
flo

u
n

d
e
r, 

a
re

 
e
s
s
e
n

tia
lly

 n
o

n
m

ig
rato

ry
 

(F
ig

s. 
9 

an
d

 
1

0
). 

A
lth

o
u

g
h

 an
 
o

tte
r 

tra
w

l 
is

 n
o

t n
o

ta
b

ly
 e

ffe
c
tiv

e
 

a
t 

c
a
tc

h
in

g
 

se
a
 h

e
rrin

g
 an

d
 m

ack
erel, 

e
sp

e
c
ia

lly
 a

t n
ig

h
t, 

w
e 

n
o

te
d

 
th

e
 
ra

th
e
r 

g
e
n

e
ra

l 
o

c
c
u

rre
n

c
e
 
o

f 
th

e
se

 
tw

o 
sp

e
c
ie

s 

th
ro

u
g

h
o

u
t 

th
e
 C

h
esap

eak
e 

B
ig

h
t.in

 w
in

te
r. 

T
hey w

ere n
o

t 

cau
g

h
t 

in
 sum

m
er 

(F
ig

s. 
1

1
, 

1
2

). 

In
 
th

e
 w

in
te

r 
(F

eb
ru

ary
 an

d
 M

arch) 
o

f 1967 
an

 

e
stim

a
te

d
 2

3
4

,0
0

0
 m

e
tric

 
to

n
s 

w
ere 

a
v

a
ila

b
le

 
to

 
o

u
r 

tra
w

l. 

A
 g

re
a
te

r q
u

a
n

tity
 o

f 
fish

 
o

f a
ll c

a
te

g
o

rie
s w

as 
fo

u
n

d
 
in

 

th
e
 n

o
rth

e
rn

 
se

c
to

r 
th

a
n

 
in

 
th

e
 

so
u

th
e
rn

 an
d

 .th
e o

v
erw

h
elm

in
g

 

ab
u

n
d

an
ce 

o
f 

sp
in

y
 
d

o
g

fish
, 

w
h

ich
 

co
m

p
rised

 
70%

 
to

 
80%

 
o

f 

th
e
 
a
v

a
ila

b
le

 
q

u
a
n

tity
 o

f 
fish

e
s 

w
as 

n
o

ta
b

le
 

(F
ig

. 
1

3
). 

A
 p

lo
t 

o
f c

a
tc

h
-ra

te
s 

in
 p

o
u

n
d

s/m
ile, 

in
d

ic
a
te

s 
th

a
t 

in
 



-
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th
e
 n

o
rth

 
th

e
 m

o
st 

p
ro

d
u

c
tiv

e
 
fish

in
g

 
fo

r 
fo

o
d

 
fish

, 
_

trash
 

fish
, 

o
r 

d
o

g
fish

 w
as 

in
 

th
e
 

d
e
e
p

e
st 

stra
tu

m
 

(F
ig

. 
1

4
). 

T
he 

sh
o

a
l w

a
te

r y
ie

ld
e
d

 
tra

sh
 
fish

 
an

d
 d

o
g

fish
 

b
u

t 
lack

ed
 

fo
o

d
 
fish

. 
In

 
th

e
 

so
u

th
, 

d
o

g
fish

 w
ere m

o
st 

c
o

n
c
e
n

tra
te

d
 in

 
d

ep
th

s 
o

f 11 
to

 
20 

fath
o

m
s, 

tra
sh

 fis
h

 

in
 21 

to
 

40 
fath

o
m

s, 
an

d
 

fo
o

d
 

fish
 w

ere m
o

st 
ab

u
n

d
an

t 

d
eep

er 
th

an
 

40 
fath

o
m

s. 

B
ecau

se ro
u

g
h

 
seas 

re
s
tric

te
d

 o
u

r 
sam

p
lin

g
 
in

 

w
in

te
r 

1
9

6
7

, 
w

e 
sam

p
led

 a
g

a
in

 
in

 
1968 

(F
ig

. 
1

5
). 

T
he 

to
ta

l 

e
stim

a
te

d
 q

u
a
n

tity
 o

f fish
, 

3
4

0
,0

0
0

 
to

n
s, 

w
as 

g
re

a
te

r 

th
an

 
in

 
th

e
 p

re
v

io
u

s w
in

te
r, 

b
u

t 
o

th
e
r 

fe
a
tu

re
s 

w
ere 

sim
ila

r. 
T

he 
g

re
a
te

st 
q

u
a
n

tity
 o

f 
fish

 w
as 

in
 

th
e
 n

o
rth

e
rn

 

se
c
to

r. 
S

p
in

y
 d

o
g

fish
 w

ere 
d

istrib
u

te
d

 a
s 

in
 

1967 
in

 
th

e
 

so
u

th
, 

b
u

t 
in

 
the-

n
o

rth
 w

ere m
o

st 
ab

u
n

d
an

t 
in

 m
id

-d
ep

th
s 

ra
th

e
r 

th
an

 
in

 d
eep

 w
a
te

r. 
S

im
ila

rly
, 

th
e
 m

ajo
r ch

an
g

e 

in
 c

a
tc

h
 ra

te
s 

in
 

th
e
 n

o
rth

 w
as 

a 
s
h

ift 
in

 
th

e
 

sp
in

y
 d

o
g

fish
 

(F
ig

. 
1

6
). 

F
ood 

fish
 w

ere m
o

st 
ab

u
n

d
an

t 
n

e
a
r 

th
e
 

ed
g

e 
o

f 

th
e
 
sh

e
lf. In

 
sp

rin
g

 
th

e
 n

o
rth

w
ard

 m
ig

ra
tio

n
 o

f sp
in

y
 d

o
g



fish
 w

as 
ap

p
aren

t 
(F

ig
. 

1
7

). 
O

nly 500 
to

n
s 

rem
ain

ed
 
in

 
-

th
e
 

so
u

th
e
rn

 
se

c
to

r an
d

 ab
o

u
t 

4
,0

0
0

 
in

 
th

e
 n

o
rth

e
rn

. 
T

he 

to
ta

l 
q

u
a
n

tity
 o

f 
tra

sh
 sp

e
c
ie

s 
d

e
c
lin

e
d

 
som

ew
hat 

in
 b

o
th

 

se
c
to

rs. 
F

ood 
fish

 
becam

e m
ore 

ab
u

n
d

an
t~

 
e
sp

e
c
ia

lly
 
in

 

th
e
 

so
u

th
, 

b
u

t w
ere m

o
stly

 
sm

a
ll. 

Som
e 

in
sh

o
re

 m
ovem

ent 

o
f b

o
th

 
tra

sh
 fish

 
an

d
 

fo
o

d
 
fish

 w
as 

a
p

p
a
re

n
t 

(F
ig

s. 
1

7
, 

1
8

). 

B
y 

surrrrner 
(F

ig
. 

1
9

) 
th

e
 

sp
in

y
 d

o
g

fish
 h

ad
 alm

o
st 

d
e
se

rte
d

 
th

e
 
a
re

a
, 

th
e
re

 b
ein

g
 n

o
n

e 
in

 
th

e
 

so
u

th
e
rn

 
se

c
to

r, 



-
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an
d

 o
n

ly
 400 

to
n

s 
in

 
th

e
 n

o
rth

e
rn

. 
O

th
er sp

e
c
ie

s 
fro

m
 

th
e
 
o

u
te

r 
sh

e
lf h

ad
 a

lso
 

gone n
o

rth
. 

B
o

th
 
th

e
 
g

re
a
te

st 

q
u

a
n

tity
 an

d
 
g

re
a
te

st 
c
o

n
c
e
n

tra
tio

n
 w

ere 
in

 
th

e
 

sh
o

a
l 

w
a
te

r 
(F

ig
. 

1
0

). 

F
a
ll 

(la
te

 N
ovem

ber 
an

d
 D

ecem
b

er) 
b

ro
u

g
h

t 
th

e
 

re
tu

rn
 
o

f 
th

e
 

sp
in

y
 d

o
g

fish
 an

d
 o

th
e
r 

sp
e
c
ie

s 
from

 
th

e
 

n
o

rth
 an

d
 

th
e
 
o

ffsh
o

re
 m

ovem
ent· o

f 
th

e
 

sp
e
c
ie

s 
th

a
t h

ad
 

b
een

 
in

 
sh

o
a
l w

a
te

rs 
in

 
sum

m
er 

(F
ig

. 
2

1
). 

A
g

ain
 

th
e
 

d
e
n

se
st 

c
o

n
c
e
n

tra
tio

n
 o

f 
fo

o
d

 
fish

 w
as 

n
e
a
r 

th
e
 

ed
g

e 
o

f 
th

e
 
sh

e
lf 

(F
ig

. 
2

2
). 

PR
O

SPEC
TS 

FO
R

 EX
PLO

ITA
TIO

N
 

T
he 

fish
in

g
 

in
d

u
stry

 can
 b

e b
ro

a
d

ly
 
se

p
a
ra

te
d

 in
to

 

th
re

e
 p

a
rts: 

re
c
re

a
tio

n
a
l, 

fo
o

d
, 

an
d

 
in

d
u

s
tria

l 
se

c
to

rs. 

T
he 

firs
t 

is
 

o
n

ly
 
s
lig

h
tly

 in
v

o
lv

ed
 h

e
re

. 
T

he 
seco

n
d

 

now
 

p
ro

d
u

ces an
d

 m
ark

ets 
fish

 
fo

r 
d

ire
c
t hum

an 
co

n
su

m
p

tio
n

. 

T
he 

la
s
t p

ro
d

u
ces fis

h
 m

eal, 
o

il, 
an

d
 a

sso
c
ia

te
d

 p
ro

d
u

c
ts 

th
a
t 

a
re

 u
sed

 
in

 an
im

al 
feed

s 
an

d
 
in

 a 
v

a
rie

ty
 o

f 
in

d
u

s
tria

l 

a
c
tiv

itie
s
. 

T
he 

p
o

p
u

la
r 

fo
o

d
 

fish
e
s 

w
h

ich
 e

x
ist 

in
 

th
e
 

C
h

esap
eak

e 
B

ig
h

t 
a
re

 now
 

b
ein

g
 h

a
rv

e
ste

d
 a

t 
th

e
 m

axim
um

 
le

v
e
l, 

o
r p

erh
ap

s b
ey

o
n

d
, 

c
a
tc

h
e
s 

o
f 

scu
p

, 
se

a
 b

ass 
an

d
 

flo
u

n
d

e
r 

h
av

in
g

 d
e
c
lin

e
d

 re
c
e
n

tly
. 

T
he 

tra
sh

 
fish

 
an

d
 

sp
in

y
 d

o
g

fish
 

are· u
sed

 v
e
ry

 
little

, 
b

u
t .th

ey
 a

re
 

good so
u

rces 
o

f p
ro

te
in

 

an
d

 m
ark

ets 
sh

o
u

ld
 b

e 
d

ev
elo

p
ed

. 

T
he 

in
d

u
s
tria

l 
fish

e
ry

 
is

 u
rg

e
n

tly
 
in

 n
eed

 o
f 

a
d

d
itio

n
a
l re

so
u

rc
e
s. 

In
 som

e 
re

c
e
n

t 
y

e
a
rs 

th
e
 

d
o

m
estic 

fish
in

g
 

in
d

u
stry

 h
as 

b
een

 a
b

le
 

to
 

su
p

p
ly

 n
o

 m
ore 

th
an

 25%
 

o
f th

e
 

d
o

m
estic 

dem
and 

fo
r 

fis
h

 m
eal, 

w
ith

 
th

e
 

rem
ain

d
er 
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o
f 

th
e
 m

ark
et 

b
ein

g
 m

et 
b

y
 

im
p

o
rts. 

T
he 

q
u

e
stio

n
 
o

f 

w
h

eth
er 

tra
sh

 
fish

 
an

d
 

sp
in

y
 
d

o
g

fish
 o

f 
th

e
 C

h
esap

eak
e 

B
ig

h
t 

can
 b

e u
sed

 b
y

 
th

e
 
in

d
u

s
tria

l 
fish

e
ry

 
can

n
o

t 
b

e 

an
sw

ered
 u

n
e
q

u
iv

o
c
a
lly

 a
t p

re
se

n
t. 

T
he 

sp
in

y
 d

o
g

fish
, 

th
e
 

sp
e
c
ie

s 
co

m
p

risin
g

 
70 

to
 

80%
 
o

f 
th

e
 
a
v

a
ila

b
le

 
q

u
a
n

tity
 
o

f 

fis
h

 
in

 w
in

te
r, 

is
 w

ith
o

u
t 

a 
d

o
m

estic m
ark

et 
e
ith

e
r a

s 
fo

o
d

 

o
r a

s 
an

 
in

d
u

s
tria

l 
fish

. 
I
t 

is
 

a 
d

e
sira

b
le

 
fo

o
d

 
fis

h
 
in

 

E
u

ro
p

ean
 m

a
rk

e
ts, 

b
u

t 
e
x

p
o

rt 
is

 n
o

t 
eco

n
o

m
ically

 
fe

a
sib

le
 

/H
o

lm
sen

, 
A

n
d

reas A
. 

1
9

6
8

. 
H

a
rv

e
stin

g
 an

d
 p

ro
c
e
ssin

g
 

d
o

g
fish

 
(S

g
u

alu
s 

a
c
a
n

th
ia

s), 
U

n
iv

e
rsity

 R
hode 

Isla
n

d
 D

ep
t. 

F
ood 

&
 R

eso
u

rce 
E

co
n

o
m

ics, 
O

ccasio
n

al P
ap

er 68-2757. 
A

t 

le
a
s
t 

tw
o 

p
ro

b
lem

s m
u

st 
b

e 
so

lv
e
d

 b
e
fo

re
 
d

o
g

fish
 can

 b
e 

u
sed

 e
x

te
n

siv
e
ly

 in
 an

 
in

d
u

s
tria

l 
fish

e
ry

. 
A

 m
eth

o
d

 m
u

st 

b
e 

d
ev

elo
p

ed
 

to
 h

a
n

d
le

 
th

em
 e

ffic
ie

n
tly

 
in

 
la

rg
e
 
q

u
a
n

titie
s. 

T
h

e
ir 

la
rg

e
 
siz

e
 

an
d

 
to

u
g

h
, 

ro
u

g
h

 sk
in

 a
re

 n
o

t 
co

m
p

atib
le 

w
ith

 
th

e
 m

ach
in

ery
 now

 
in

 u
se

. 
A

lso
, 

u
re

a
, 

a 
c
o

n
stitu

e
n

t 

o
f 

th
e
 b

lo
o

d
, 

is
 
u

n
d

e
sira

b
le

 
in

 p
o

u
ltry

 
feed

 w
h

ere 
fis

h
 m

eal 

is
 now

 u
sed

. 
E

ith
e
r 

th
e
 u

re
a
 m

u
st 

b
e 

rem
o

v
ed

 o
r a 

new
 

m
ark

et m
u

st 
b

e 
d

ev
elo

p
ed

. 
P

erh
ap

s 
sh

a
rk

 m
eal 

co
u

ld
 b

e 

u
sed

 
in

 c
a
ttle

 
fe

e
d

, 
sin

c
e
 ru

m
in

an
ts m

e
ta

b
o

liz
e
 u

re
a
. 

S
e
v

e
ra

l 
te

c
h

n
o

lo
g

ic
a
l 

la
b

o
ra

to
rie

s 
a
re

 a
tte

m
p

tin
g

 
to

 
so

lv
e
 

p
ro

b
lem

s 
th

a
t 

p
re

se
n

tly
 re

s
tric

t 
th

e
 u

se 
o

f d
o

g
fish

. 

A
lth

o
u

g
h

 
th

e
 p

o
p

u
la

tio
n

 o
f sp

in
y

 
d

o
g

fish
 
is

 
la

rg
e
, 

th
e
 
re

p
ro

d
u

c
tiv

e
 p

o
te

n
tia

l o
f 

th
e
 
sp

e
c
ie

s 
is

 n
o

t 
g

re
a
t, 

an
d

 

th
e
 
su

sta
in

a
b

le
 an

n
u

al 
y

ie
ld

 
fro

m
 
th

is
 

sto
c
k

 m
ig

h
t n

o
t 

b
e 

as 
g

re
a
t 

as 
th

e
 

la
rg

e
 p

o
p

u
la

tio
n

 w
o

u
ld

 
su

g
g

e
st. 

P
ro

b
ab

ly
 

th
e
 p

o
p

u
la

tio
n

 c
o

u
ld

 b
e 

fish
e
d

 
dow

n 
to

 
a 

lo
w

 le
v

e
l 

in
 

a 
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b
rie

f p
e
rio

d
 o

f 
tim

e. 
P

erh
ap

s 
re

d
u

c
tio

n
 o

f 
th

e
 p

o
p

u
la

tio
n

 

w
o

u
ld

 b
e 

d
e
sira

b
le

 
sin

c
e
 

th
e
 

sp
e
c
ie

s 
is

 
a 

n
u

isa
n

c
e
 

to_ th
e
 

e
x

istin
g

 
fish

e
rie

s. 
C

e
rta

in
ly

 
th

e
 
re

d
u

c
tio

n
 
o

f a 
p

re
d

a
to

r 

an
d

 c
o

m
p

e
tito

r o
f su

ch
 o

v
erw

h
elm

in
g

 
d

o
m

in
an

ce w
o

u
ld

 p
ro

v
id

e
 

an
 
in

te
re

stin
g

 o
p

p
o

rtu
n

ity
 
to

 
o

b
serv

e 
th

e
 

resp
o

n
ses 

o
f 

p
re

y
 sp

e
c
ie

s 
an

d
 co

m
p

etin
g

 p
re

d
a
to

ry
 sp

e
c
ie

s. 

T
rash

 fish
 

ap
p

ear 
to

 
b

e 
s
u

ffic
ie

n
tly

 ab
u

n
d

an
t 

to
 
su

sta
in

 a 
fish

e
ry

 
an

d
 can

 b
e h

an
d

led
 b

y
 
e
x

istin
g

 m
ach

in
ery

, 

a
lth

o
u

g
h

 
som

e m
o

d
ific

a
tio

n
 m

ay 
b

e 
d

e
sira

b
le

. 
T

he m
ajo

r 

p
ro

b
lem

s 
seem

 
to

 b
e 

to
 

red
u

ce 
th

e
 c

o
st 

o
f c

a
tc

h
in

g
 

th
e
 

fis
h

 an
d

 
to

 p
ro

d
u

ce m
eal 

o
f c

o
n

sta
n

t 
co

m
p

o
sitio

n
. 

In
 w

in
te

r 

an
 a

d
d

itio
n

a
l p

ro
b

lem
 
is

 
th

e
 
ra

th
e
r 

g
e
n

e
ra

l o
ccu

rren
ce 

o
f 

sp
in

y
 d

o
g

fish
 alo

n
g

 w
ith

 
tra

sh
 fish

. 
C

u
llin

g
 

them
 fro

m
 

th
e
 
c
a
tc

h
 is

 
ex

p
en

siv
e. 

In
c
re

a
se

d
 u

se 
o

f b
e
n

th
ic

 
fish

e
s 

in
 C

h
esap

eak
e 

B
ig

h
t 

is
 

fe
a
sib

le
 

b
u

t 
sp

in
y

 d
o

g
fish

 w
ill 

b
e an

 
im

p
ed

im
en

t u
n

le
ss 

th
ey

 can
 b

e u
sed

 p
ro

fita
b

ly
. 

SUM
M

ARY 

T
he 

fish
 b

io
m

ass 
a
v

a
ila

b
le

 
to

 
th

e
 A

tla
n

tic
 W

estern
 

tra
w

l 
IV

 
w

as 
e
stim

a
te

d
 a

t 3
4

0
,0

0
0

 
to

n
s 

in
 w

in
te

r 
1968 

c
o

n
sistin

g
 o

f 6
1

,0
0

0
 

to
n

s 
o

f 
tra

sh
 fish

, 
2

7
3

,0
0

0
 

to
n

s 
o

f 

sp
in

y
 d

o
g

fish
, 

an
d

 6
,0

0
0

 
to

n
s 

o
f fo

o
d

 
fish

 
(T

ab
le 

1
). 

In
 
th

e
 w

in
te

r o
f 

1967 
th

e
 
q

u
a
n

tity
 w

as 
le

s
s
, 

2
3

4
,0

0
0

 
to

n
s, 

b
u

t 
th

e
 
p

ro
p

o
rtio

n
s w

ere 
ab

o
u

t 
th

e
 

sam
e: 

tra
sh

 
fish

, 
4

3
,0

0
0

 

to
n

s; 
sp

in
y

 d
o

g
fish

, 
1

8
6

,0
0

0
 

to
n

s; 
fo

o
d

 
fis

h
, 

4
,0

0
0

 
to

n
s. 

In
 sp

rin
g

 1967 
th

e
 

e
stim

a
te

 
o

f 6
0

,0
0

0
 

to
n

s 
w

as 
co

m
p

rised
 

o
f 4

6
,0

0
0

 
to

n
s 

o
f 

tra
sh

 fish
, 

4
,0

0
0

 
to

n
s 

o
f 

sp
in

y
 d

o
g

fish
, 
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an
d

 1
0

,0
0

0
 

to
n

s 
o

f 
fo

o
d

 
fish

. 
In

 
sununer 

th
e
 
e
stim

a
te

 w
as 

5
8

,0
0

0
 

to
n

s 
o

f w
h

ich
 5

2
,0

0
0

 w
as 

tra
sh

 
fis

h
 

an
d

 
6

,0
0

0
 w

as 

fo
o

d
 
fish

. 
S

p
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