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hi

ng
 a

ga
in

st 
th

e 
cu

rr
en

t 
at
 t

ow
in

g 
sp

ee
ds

 
ov

er
 

th
e 

gr
ou

nd
 

of
 

4 
nM

.h
"1 

an
d 

6 
nM

.h
'1,

 
re

sp
ec

tiv
el

y.
 I

n 
co

m
m

er
ci

al
 f

ish
in

g,
 t

ow
in

g 
sp

ee
ds

 
ar

e 
3 

nM
.h

-1 
w

he
n 

fis
hi

ng
 a

ga
in

st 
th

e 
cu

rre
nt

 a
nd

 4
 

nM
.h

'1 
w

he
n 

fis
hi

ng
 

wi
th
 

th
e 

cu
rre

nt
. 

At
 

th
es

e 
sp

ee
ds

 t
he

 s
ol

e 
pl

at
e 

pr
es

su
re

s 
ar

e 
2 

N
.c

m
'2 

an
d 

1.
7 

N
.c

m
'2, 

re
sp

ec
tiv

el
y.
 B

ot
to

m
 c

on
ta

ct
 w

as
 lo

st 
at

 
6 

nM
.h

'1 
or

 7
 n

M
.h

'1 
de

pe
nd

in
g 

on
 w

he
th

er
 th

e 
ge

ar
 

w
as
 t

ow
ed
 

ag
ai

ns
t 

or
 w

ith
 

th
e 

cu
rre

nt
. 

V
es

se
l 

m
ov

em
en

ts 
in

du
ce

d 
by
 

su
rf

ac
e 

w
av

es
 

ar
e 

tra
ns

m
itt

ed
 t

o 
th

e 
ge

ar
, 

ev
en
 a

t 
lo

w 
am

pl
itu

de
s. 

Th
is 

m
ay

 c
au

se
 th

e 
ge

ar
 to

 b
ou

nc
e 

on
 t

he
 b

ot
to

m
. 

Th
e 

co
m

pa
ris

on
 b

et
w

ee
n 

th
e 

to
ta

l 
ge

ar
 p

re
ss

ur
e 

fo
rc

e 
an

d 
th

e 
pr

es
su

re
 f

or
ce
 e

xe
rte

d 
by

 t
he
 s

ol
e 

pl
at

es
 s

ug
ge

st
s 

th
at
 t

he
 c

ha
in
 m

at
 a

nd
 t

he
 b

ob
bi

n 
ge

ar
 e

xe
rt 

on
ly

 a
 li

m
ite

d 
pr

es
su

re
 o

n 
th

e 
se

ab
ed

.

Th
e 

sid
e 

sc
an

 s
on

ar
 r

ec
or

di
ng

s 
re

ve
al

ed
 th

at
 s

om
e 

tra
wl
 m

ar
ks
 r

em
ai

ne
d 

vi
sib

le 
fo

r 
up
 t

o 
52
 h
 a

fte
r

3



fis
hi

ng
. A

lth
ou

gh
 th

e 
pe

ne
tra

tio
n 

de
pt

hs
 o

f t
he

 b
ea

m
 

tra
wl

 in
 th

e 
se

di
m

en
t c

ou
ld

 n
ot

 b
e 

de
du

ce
d 

fro
m

 th
e 

re
co

rd
s, 

it 
is 

lik
ely

 th
at

 th
e 

de
pt

h 
of

 p
en

et
ra

tio
n 

w
as

 
no

t v
er

y 
gr

ea
t. 

H
ow

ev
er

, t
hi

s 
is 

no
t 

ne
ce

ss
ar

ily
 th

e 
ca

se
 fo

r l
ar

ge
r b

ea
m

 tr
aw

ls.
 T

he
 p

re
se

nc
e 

of
 c

er
ta

in
 

in
fa

un
al
 s

pe
ci

es
 in

 t
he

 c
od

-e
nd

, a
nd

 t
he

 d
ec

re
as

ed
 

de
ns

iti
es

 o
f 

ot
he

r 
in

fa
un

a 
sp

ec
ie

s 
af

te
r 

co
m

m
er

ci
al

 
tra

wl
in

g,
 i

nd
ic

at
ed
 t

ha
t 

th
e 

pe
ne

tra
tio

n 
de

pt
h 

w
as

 
ap

pr
ox

im
at

el
y 

2 
to
 4

 c
m
 in

 th
e 

st
ud

y 
ar

ea
 n

or
th
 o

f 
th

e 
Fr

isi
an
 I

sla
nd

s. 
Se

di
m

en
t 

ty
pe
 i

s 
pr

ob
ab

ly
 a

n 
im

po
rta

nt
 f

ac
to

r 
in 

de
te

rm
in

in
g 

th
e 

du
ra

tio
n 

of
 t

he
 

vi
sib

ili
ty

 o
f t

he
 tr

ac
ks

. T
he

 c
le

ar
es

t t
ra

ck
s 

w
er

e 
se

en
 

on
 c

oa
rs

e 
sa

nd
 w

ith
 s

he
ll 

de
br

is.
 

H
ow

ev
er

, 
th

e 
cl

as
sif

ic
at

io
n 

of
 th

e 
di

ffe
re

nt
 s

ed
im

en
t 

ty
pe

s 
of
 t

he
 

te
st

 a
re

a 
w

as
 r

at
he

r c
ru

de
.

CO
M

PA
RI

SO
N

 O
F 

HE
AV

IL
Y 

FI
SH

ED
 A

ND
 Q

UA
SI

 
PR

O
TE

CT
ED

 A
RE

AS
.

In 
or

de
r t

o 
de

te
ct

 th
e 

di
re

ct
 e

ffe
ct

s 
of

 b
ea

m
 tr

aw
lin

g 
on

 th
e 

m
ac

ro
be

nt
ho

s, 
im

ag
in

g 
m

et
ho

ds
 w

er
e 

us
ed

. 
Th

e 
vi

de
o 

re
co

rd
s 

sh
ow

ed
 a
 d

ist
ur

be
d 

se
di

m
en

t 
su

rf
ac

e 
ne

ar
ly
 

de
vo

id
 

of
 

co
ns

pi
cu

ou
s 

ep
ifa

un
a,

 
in

sid
e 

th
e 

G
er

m
an
 I

M
PA

CT
 b

ox
 a

fte
r 

it 
ha

d 
be

en
 

in
te

ns
el

y 
fis

he
d 

wi
th
 

12
-m
 

be
am
 

tra
w

ls 
by
 

RV
 

TR
ID

EN
S.
 

In
 

co
nt

ra
st,
 

a 
re

lat
iv

el
y 

un
di

stu
rb

ed
 

re
fe

re
nc

e 
ar

ea
, 

10
 n

M
 s

ou
th
 e

as
t 

of
 t

he
 t

ra
w

le
d 

ar
ea

, s
ho

w
ed

 a
 r

ich
 e

pi
fa

un
al
 c

om
m

un
ity

, 
in

clu
di

ng
 

br
itt

le
sta

rs
 (

O
ph

iu
ra

 o
ph

iu
ra

), 
La

ni
ce

 c
on

ch
ile

ga
 a

nd
 

la
rg

e 
de

ca
po

ds
. 

Th
e 

RE
M

OT
S 

se
di

m
en

t 
pr

of
ile

 
ph

ot
og

ra
ph

s 
re

ve
al

ed
 a

 d
ist

ur
be

d 
su

rf
ac

e 
se

di
m

en
t 

in 
th

e 
tra

w
le

d 
bo

x 
wi

th
 n

o 
sig

ns
 o

f 
la

ye
rin

g 
or

 
bi

ot
ur

ba
tio

n.
 

No
 s

ub
-s

ur
fa

ce
 s

tru
ct

ur
es

, 
su

ch
 

as
 

fe
ed

in
g 

vo
id

s 
or

 b
ur

ro
w

s, 
w

er
e 

vi
sib

le
 in

 th
e 

tra
w

le
d 

ar
ea

 a
nd

 L
an

ic
e 

tu
be

s 
w

er
e 

da
m

ag
ed

. 
Co

nv
er

se
ly

, 
in

ta
ct

 L
an

ic
e t

ub
es

 a
nd

 s
ub

-s
ur

fa
ce

 s
tru

ct
ur

es
, s

uc
h 

as
 t

he
 b

ur
ro

w
s 

of
 A

ph
ro

di
te

, 
w

er
e 

fo
un

d 
in 

th
e 

co
nt

ro
l a

re
a.

To
 e

xa
m

in
e 

th
e 

lo
ng

-te
rm
 e

ffe
ct

s 
of
 e

xp
er

im
en

ta
l 

fis
hi

ng
, 

th
e 

G
er

m
an
 B

ig
ht
 I

M
PA

CT
 B

ox
 h

as
 b

ee
n 

fre
qu

en
tly
 f

ish
ed
 

wi
th 

di
ffe

re
nt
 

ge
ar

s 
to
 

im
po

se
 

ad
di

tio
na

l 
st

re
ss
 o

n 
th

e 
be

nt
hi

c 
co

m
m

un
ity

. 
Th

e 
fa

un
a 

ap
pe

ar
s 

to
 b

e 
ho

m
og

en
eo

us
, 

fo
rm

in
g 

a 
po

or
 

va
ria

nt
 o

f 
th

e 
A

m
ph

iu
ra
 f

ili
fo

rm
is 

co
m

m
un

ity
. 

To
 

da
te

, 
th

e 
re

su
lts
 i

nd
ic

at
e 

ch
an

ge
s 

to
w

ar
ds
 s

an
dy

 
se

di
m

en
t 

an
d 

its
 a

ss
oc

ia
te

d 
co

m
m

un
ity

. 
H

ow
ev

er
, 

th
is 

m
ay

 b
e 

a 
se

as
on

al
 e

ffe
ct.

A 
qu

as
i-c

lo
se

d 
ar

ea
 a

ro
un

d 
th

e 
w

re
ck

ed
 p

lat
fo

rm
 

'W
es

t G
am

m
a',

 n
or

th
w

es
t o

f H
el

go
la

nd
, w

as
 in

ve
sti

­

ga
te

d 
fo

r m
id

-te
rm

 e
ffe

ct
s 

of
 fi

sh
in

g 
ac

tiv
iti

es
 o

n 
th

e 
as

su
m

pt
io

n 
th

at
 t

hi
s 

ar
ea

 i
s 

pr
ot

ec
te

d 
fro

m
 h

ea
vy

 
tra

wl
in

g.
 T

o 
da

te
, 

th
e 

re
su

lts
 

in
di

ca
te
 a
 

na
tu

ra
l 

gr
ad

ie
nt

 in
 th

e 
sp

ec
ie

s 
ric

hn
es

s 
of

 th
e 

Te
lli

na
 fa

bu
la

 
as

so
ci

at
io

n 
ex

te
nd

in
g 

no
rth
 a

nd
 s

ou
th
 o

ut
sid

e 
th

e 
cl

os
ed

 a
re

a.
 I

t i
s 

un
ce

rta
in
 w

he
th

er
 th

is 
gr

ad
ie

nt
 is

 
su

pe
rim

po
se

d 
wi

th
 

an
ot

he
r, 

as
so

ci
at

ed
 

wi
th 

th
e 

un
fis

he
d 

ar
ea

 a
ro

un
d 

th
e 

w
re

ck
 (

w
he

re
 m

or
e 

th
an

 
15

0 
sp

ec
ie

s 
w

er
e 

fo
un

d)
.

CA
TC

H 
CO

M
PO

SI
TI

O
N

Th
er

e 
ar

e 
co

ns
id

er
ab

le
 

di
ffe

re
nc

es
 

be
tw

ee
n 

th
e 

ca
tc

h 
co

m
po

sit
io

n 
fro

m
 1

2-
m
 b

ea
m

 tr
aw

le
rs
 fi

sh
in

g 
in 

of
fs

ho
re
 a

re
as
 (

30
-5

0 
m
 w

at
er
 d

ep
th

) 
an

d 
4-

m
 

be
am

 t
ra

w
le

rs
 f

ish
in

g 
in 

co
as

ta
l 

ar
ea

s 
(1

0-
30
 m

 
de

pt
h)

. 
In 

of
fs

ho
re
 a

re
as

, 
un

de
rs

iz
ed
 c

om
m

er
ci

al
 

fis
h 

ar
e 

le
ss
 a

bu
nd

an
t 

an
d,
 t

he
re

fo
re

, 
oc

cu
r 

le
ss

 
fre

qu
en

tly
 in

 d
is

ca
rd

s.
O

ffs
ho

re
 1

2-
m
 b

ea
m

 tr
aw

l s
ur

ve
ys

 e
sti

m
at

ed
 th

at
 

at
 le

as
t 8

 k
g 

of
 d

ea
d 

di
sc

ar
d 

fis
h 

an
d 

6 
kg
 o

f d
ea

d 
in

ve
rte

br
at

es
 w

er
e 

pr
od

uc
ed
 p

er
 k

g 
of
 m

ar
ke

ta
bl

e 
so

le
. 

In
 

th
e 

co
as

ta
l 

ar
ea

s,
 

4-
m
 

be
am
 

tra
w

ls 
co

lle
ct

ed
 a

t 
le

as
t 

10
 k

g 
of
 d

ea
d 

di
sc

ar
d 

fis
h 

an
d 

4 
kg

 o
f d

ea
d 

in
ve

rte
br

at
es

 p
er

 k
g 

of
 m

ar
ke

ta
bl

e 
so

le
. 

Th
e 

to
ta

l 
an

nu
al
 p

ro
du

ct
io

n 
of
 d

ea
d 

di
sc

ar
ds
 b

y 
be

am
 

tra
w

le
rs
 

in 
th

e 
so

ut
he

rn
 

No
rth
 

Se
a 

w
as

 
es

tim
at

ed
 to

 b
e 

27
0 

00
0 

to
nn

es
 o

f f
ish

 a
nd

 1
20

 0
00

 
to

nn
es
 

of
 

in
ve

rte
br

at
es

. 
Th

es
e 

ar
e 

pr
ob

ab
ly

 
un

de
re

sti
m

at
es

 s
in

ce
 m

an
y 

da
m

ag
ed

 a
ni

m
al

s 
pa

ss
 

th
ro

ug
h 

th
e 

m
es

he
s.

Co
m

pa
ris

on
 o

f t
he

 c
at

ch
 c

om
po

sit
io

n 
of
 c

om
m

er
­

cia
l 

be
am
 t

ra
w

ls 
wi

th
 t

he
 c

at
ch
 

of
 f

in
e-

m
es

he
d 

be
nt

ho
s 

dr
ed

ge
s, 

in
di

ca
te

d 
th

at
 c

om
m

er
ci

al
 t

ra
w

ls 
on

ly
 c

at
ch

 a
 m

in
or

 fr
ac

tio
n 

of
 th

e 
be

nt
hi

c 
fa

un
a.

SU
RV

IV
AL

 O
F 

D
IS

CA
RD

S

Th
e 

su
rv

iv
al 

of
 

di
sc

ar
de

d 
un

de
rs

iz
ed
 

fis
h 

an
d 

in
ve

rte
br

at
es
 f

ro
m
 c

om
m

er
ci

al
 b

ea
m
 t

ra
wl
 c

at
ch

es
 

ha
s 

be
en

 e
st

im
at

ed
 in

 t
an

ks
 o

nb
oa

rd
 t

he
 r

es
ea

rc
h 

ve
ss

el
s. 

In 
ge

ne
ra

l, 
th

e 
su

rv
iv

al
 o

f d
is

ca
rd

ed
 s

ta
rfi

sh
 

an
d 

br
itt

le 
st

ar
s 

w
as
 

ap
pr

ox
im

at
el

y 
90

%
. 

Se
a 

ur
ch

in
s, 

in 
pa

rti
cu

la
r 

th
e 

ab
un

da
nt
 

se
a 

po
ta

to
, 

Ec
hi

no
ca

rd
iu

m
 c

or
da

tu
m

, t
ha

t 
liv

es
 a

t 
de

pt
hs

 o
f 

5­
10
 

cm
 

in 
sa

nd
y 

se
di

m
en

ts
 

ap
pe

ar
ed
 

to
 

be
 

vu
ln

er
ab

le
. 

At
 c

er
ta

in
 t

im
es
 

of
 t

he
 y

ea
r 

an
d 

at
 

ce
rta

in
 lo

ca
lit

ie
s 

m
an

y 
to

nn
es

 o
f t

hi
s 

se
a 

ur
ch

in
 m

ay
 

be
 c

ru
sh

ed
 in

 c
om

m
er

ci
al

 b
ea

m
 tr

aw
l n

et
s.

At
 l

ea
st
 2

5-
50

%
 o

f 
th

e 
cr

ab
s 

w
er

e 
al

re
ad

y 
de

ad
 

on
 a

rri
va

l o
nb

oa
rd
 t

he
 v

es
se

l, 
pr

ob
ab

ly
 c

ru
sh

ed
 b

y

4



th
e 

ac
tio

n 
of
 t

he
 t

ick
le

r 
ch

ai
ns

. 
Th

e 
re

m
ai

ni
ng
 l

ive
 

sp
ec

im
en

s 
sh

ow
ed

 h
ig

h 
su

rv
iv

al
 r

at
es

 (8
0-

10
0%

).
M

os
t o

f t
he

 l
ar

ge
r 

m
ol

lu
sc

s 
sh

ow
ed

 m
or

ta
lit

ie
s 

of
 

ab
ou

t 
30

-5
0%

. 
So

m
e 

vu
ln

er
ab

le
 s

pe
ci

es
 s

uc
h 

as
 

th
e 

qu
ah

og
 (

A
rc

tic
a 

isl
an

di
ca

), 
sh

ow
ed

 m
or

tal
ity

 o
f 

80
-9

0%
. M

os
t o

f t
he

 s
m

al
le

r m
ol

lu
sc

s 
pa

ss
 th

ro
ug

h 
th

e 
m

es
he

s 
of

 th
e 

ne
ts

, h
ow

ev
er

, o
f t

ho
se

 r
et

ai
ne

d,
 

ab
ou

t 
25

-4
0%
 

w
er

e 
da

m
ag

ed
. 

In
ta

ct
 

su
rv

iv
or

s 
sh

ow
ed

 li
ttl

e 
or

 n
o 

m
or

tal
ity

 in
 th

e 
su

rv
iv

al
 ta

nk
s.

Th
e 

se
a 

m
ou

se
 

(A
ph

ro
di

te
 

ac
ul

ea
ta

), 
a 

po
ly

­
ch

ae
ta

, 
fre

qu
en

tly
 c

au
gh

t 
by

 b
ea

m
 t

ra
w

le
rs
 f

ish
in

g 
on

 s
of

t 
bo

tto
m

s 
of

fs
ho

re
 i

s 
qu

ite
 h

ar
dy

 a
nd

 s
ho

w
s 

le
ss

 th
an

 6
%

 m
or

tal
ity

 w
he

n 
di

sc
ar

de
d.

Th
e 

m
or

tal
ity
 o

f 
un

de
rs

iz
ed
 d

is
ca

rd
ed
 f

ish
 w

as
 

ex
tre

m
el

y 
hi

gh
. 

D
isc

ar
de

d 
ro

un
df

ish
 (

e.
g.
 w

hi
tin

g 
an

d 
gu

rn
ar

ds
) 

ha
ve
 

no
 

su
rv

iv
al
 

ch
an

ce
 

at
 

ali
. 

Fl
atf

ish
 s

ho
w

ed
 m

or
ta

lit
ie

s 
of
 7

0-
10

0%
, 

wi
th
 d

ab
, 

th
e 

m
os

t a
bu

nd
an

t a
nd

 v
ul

ne
ra

bl
e 

sp
ec

ie
s 

sh
ow

in
g 

th
e 

hi
gh

es
t v

al
ue
 (

99
%

). 
Fl

ou
nd

er
, 

so
le
 a

nd
 p

la
ice

 
w

er
e 

sli
gh

tly
 le

ss
 v

ul
ne

ra
bl

e 
wi

th
 m

or
ta

lit
ie

s 
of

 a
bo

ut
 

70
%

, 
84

%
 

an
d 

90
%
 

re
sp

ec
tiv

el
y.
 

M
or

tal
iti

es
 

of
 

di
sc

ar
de

d 
fis

h 
fro

m
 c

at
ch

es
 o

f 
4-

m
 b

ea
m
 t

ra
w

ls 
in 

co
as

ta
l 

ar
ea

s 
w

er
e 

us
ua

lly
 

ab
ou

t 
10

%
 

lo
we

r, 
pr

ob
ab

ly
 

be
ca

us
e 

th
e 

sm
al

le
r 

be
am
 

tra
w

ls 
ar

e 
lig

ht
er

, a
nd

 to
w

ed
 a

t a
 lo

w
er

 sp
ee

d.

Th
e 

su
rv

iv
al
 o

f 
sm

al
l 

fis
h 

an
d 

in
ve

rte
br

at
es
 t

ha
t 

pa
ss

 th
ro

ug
h 

th
e 

m
es

he
s 

of
 th

e 
ne

t d
ur

in
g 

tra
wl

in
g,

 
w

as
 e

st
im

at
ed

 fr
om

 s
ho

rt 
ha

ul
s 

of
 1

-5
 m

in
ut

es
 w

ith
 

th
e 

co
d-

en
d 

fit
te

d 
wi

th 
a 

fin
e-

m
es

he
d 

co
ve

rin
g 

ne
t. 

M
os

t i
nv

er
te

br
at

es
 s

ho
w

ed
 m

or
ta

lit
ie

s 
th

at
 r

ef
le

ct
ed

 
th

e 
da

m
ag

e 
ca

us
ed

 b
y 

th
e 

tic
kl

er
 c

ha
in

s 
(a

bo
ut
 1

0­
30

%
 f

or
 c

ra
bs

, 
ab

ou
t 

20
-5

0%
 f

or
 s

m
al

l 
m

ol
lu

sc
s)

. 
Th

e 
re

su
lts

 fo
r s

m
al

l d
ab

 o
r p

la
ic

e 
in

di
ca

te
d 

th
at

 th
e 

su
rv

iv
al
 o

f s
m

al
l f

ish
 t

ha
t 

pa
ss

 th
ro

ug
h 

th
e 

m
es

he
s 

is 
in 

th
e 

or
de

r o
f 8

0-
10

0%
. S

om
e 

sm
al

l f
ish

 s
pe

ci
es

, 
su

ch
 a

s 
so

le
ne

tte
s, 

sc
al

df
ish
 a

nd
 g

ob
ie

s, 
ar

e 
so

 
vu

ln
er

ab
le
 th

at
 th

ey
 d

ie
d 

in 
th

e 
co

ve
rin

g 
ne

ts
, e

ve
n 

af
te

r 
sh

or
t 

to
w

s, 
re

nd
er

in
g 

th
e 

m
et

ho
d 

us
el

es
s 

fo
r 

th
es

e 
sp

ec
ie

s. 
A 

hi
gh

 s
ur

vi
va

l o
f s

m
al

l f
ish

 th
at

 p
as

s 
th

ro
ug

h 
th

e 
m

es
he

s 
du

rin
g 

tra
w

lin
g,
 l

ea
ds
 t

o 
th

e 
su

gg
es

tio
n 

th
at

 th
e 

po
pu

la
tio

ns
 o

f s
m

al
l f

ish
 s

pe
ci

es
 

m
ay

 b
en

ef
it 

fro
m

 th
e 

in
te

ns
iv

e 
be

am
 tr

aw
l f

ish
er

y 
in 

th
e 

so
ut

he
rn

 N
or

th
 S

ea
.

DI
RE

CT
 M

OR
TA

LI
TY

Ex
pe

rim
en

ta
l f

ish
in

g 
wi

th
 c

om
m

er
ci

al
 b

ea
m

 tr
aw

ls 
in 

se
ve

ra
l 

stu
dy

 a
re

as
 o

f 
th

e 
D

ut
ch
 s

ec
to

r 
ca

us
ed
 a

 
de

cr
ea

se
 i

n 
th

e 
de

ns
iti

es
 o

f 
a 

nu
m

be
r 

of
 b

en
th

ic
 

sp
ec

ie
s. 

Th
is 

de
cr

ea
se

 w
as

 e
st

im
at

ed
 b

y 
co

m
pa

rin
g

sa
m

pl
es

 w
hi

ch
 w

er
e 

ta
ke

n 
be

fo
re

 a
nd

 a
fte

r t
ra

wl
in

g.
 

La
rg

er
 a

ni
m

al
s 

ha
d 

be
en
 

ca
ug

ht
 

in 
th

e 
tra

w
ls,

 
sh

ow
in

g 
a 

va
ry

in
g 

m
or

tal
ity
 

af
te

r 
ca

pt
ur

e 
an

d 
su

bs
eq

ue
nt
 h

an
dl

in
g 

on
bo

ar
d.
 A

n 
es

tim
at

e 
of
 t

hi
s 

ca
tc

h 
m

or
tal

ity
 (

ex
pr

es
se

d 
as
 a
 p

er
ce

nt
ag

e 
of
 t

he
 

ini
tia

l n
um

be
rs
 o

n 
th

e 
stu

dy
 a

re
a)

 w
as

 d
er

iv
ed

 fr
om

 
th

e 
re

su
lts

 o
f s

ur
vi

va
l e

xp
er

im
en

ts 
on

bo
ar

d 
tra

w
le

rs
. 

Sm
al

le
r 

be
nt

hi
c 

an
im

al
s 

w
er

e 
da

m
ag

ed
 m

er
el

y 
by

 
th

e 
pa

ss
ag

e 
of
 t

he
 b

ea
m
 t

ra
w

l. 
Th

is 
no

n-
ca

tc
h 

m
or

tal
ity

 to
 fi

sh
es

 a
nd

 m
ac

ro
-in

ve
rte

br
at

es
 w

as
 a

iso
 

de
m

on
st

ra
te

d 
by

 th
e 

st
ud

y 
in 

th
e 

G
er

m
an

 B
ig

ht
, i

n 
wh

ich
 1

-m
 d

re
dg

es
 w

er
e 

at
ta

ch
ed
 t

o 
th

e 
be

am
, 

sh
oe

s 
an

d 
th

e 
tic

kl
er
 c

ha
in

s 
of
 a
 7

m
 b

ea
m
 t

ra
wl

. 
Di

re
ct 

m
or

tal
ity
 d

ue
 t

o 
tra

w
lin

g 
w

as
 e

st
im

at
ed
 b

y 
ad

di
ng
 

th
e 

ca
tc

h 
m

or
tal

ity
 

to
 

th
e 

no
n-

ca
tc

h 
m

or
tal

ity
.

Af
ter
 

fis
hi

ng
 

a 
stu

dy
 

ar
ea
 

tw
ic

e 
wi

th
 

a 
12

-m
 

co
m

m
er

ci
al
 b

ea
m
 t

ra
w

l, 
m

or
tal

ity
 c

ou
ld
 b

e 
es

tim
a­

te
d 

of
 b

en
th

ic
 f

au
na

 a
ss

oc
ia

te
d 

wi
th
 a

 s
of

t 
bo

tto
m

 
ar

ea
 n

or
th

 o
f t

he
 F

ris
ia

n 
Is

la
nd

s:
• 

M
or

tal
ity
 

of
 s

ca
ld

fis
h,
 

da
b 

an
d 

pl
ai

ce
 

va
rie

d 
co

ns
id

er
ab

ly
 b

et
w

ee
n 

sp
ec

ie
s 

an
d 

si
ze

-c
la

ss
es

 
(4

-7
5%

 o
f t

he
 in

iti
al 

nu
m

be
rs

). 
M

or
tal

ity
 e

xc
ed

ed
 

10
0%

 fo
r l

ar
ge

 d
ab

, a
s 

it 
ra

pi
dl

y 
im

m
ig

ra
te

s 
in

to
 

th
e 

tra
w

le
d 

ar
ea

, a
lre

ad
y 

du
rin

g 
tra

wl
in

g.
• 

M
or

tal
ity
 

of
 

ec
hi

no
de

rm
a 

w
as
 

ge
ne

ra
lly

 l
ow

 
(3

-1
9%

), 
wi

th
 s

ta
rfi

sh
 s

uc
h 

as
 A

st
er

ia
s 

ru
be

ns
, 

A
str

op
ec

te
n 

irr
eg

ul
ar

is,
 

A
m

ph
iu

ra
 

fil
ifo

rm
is,

 
O

ph
iu

ra
 

te
xt

ur
at

a 
lit

tle
 

af
fe

ct
ed
 

an
d 

Ec
hi

no
­

ca
rd

iu
m
 

co
rd

at
um
 

to
o 

de
ep

ly
 

bu
rie

d 
to
 

be
 

ha
rm

ed
.

• 
Th

e 
so

lid
-s

he
lle

d 
or

 v
er

y 
sm

al
l 

m
ol

lu
sc

 s
pe

ci
es

, 
C

ha
m

el
ea
 g

all
in

a, 
Co

rb
ul

a 
gi

bb
a, 

N
uc

ul
a 

sp
p.

, 
M

ys
el

la 
bi

de
nt

at
a,
 D

os
in

ia
 l

up
in

us
 a

nd
 A

pp
or

- 
ha

is 
pe

sp
el

ic
an

i, 
w

er
e 

no
t 

af
fe

ct
ed
 b

y 
be

am
 

tra
wl

in
g.
 M

or
e 

vu
ln

er
ab

le
 s

pe
ci

es
 s

uc
h 

as
 A

br
a 

al
ba

, 
M

ac
tra

 c
or

all
in

a, 
Ph

ax
as

 p
el

lu
ci

du
s, 

M
ys

ia 
un

da
ta

, 
En

si
s 

en
sis

, 
G

ar
i 

fe
rv

en
sis

, 
A

rc
tic

a 
isl

an
di

ca
, 

A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a 

an
d 

Tu
rri

tel
la 

co
m

m
un

is 
ha

d 
m

or
ta

lit
ie

s 
of
 b

et
w

ee
n 

12
%
 a

nd
 

85
%

, c
au

se
d 

m
ain

ly
 b

y 
th

e 
tic

kl
er

 c
ha

in
s.

• 
Th

e 
cr

us
ta

ce
an

 s
pe

ci
es
 C

or
ys

te
s 

ca
ss

iv
el

au
nu

s 
an

d 
Eb

al
ia
 

sp
p.
 

sh
ow

ed
 

a 
m

or
tal

ity
 

of
 

ap
pr

ox
im

at
el

y 
30

%
. 

Eu
pa

gu
ru

s 
be

rn
ar

du
s 

sh
ow

ed
 s

iz
e-

de
pe

nd
en

t 
m

or
tal

ity
 (

la
rg

e 
an

im
al

s 
15

%
, 

sm
al

l 
an

im
al

s 
74

%
). 

Th
e 

bu
rro

wi
ng

 
sp

ec
ie

s 
Ca

lli
an

as
sa
 s

p.
 l

iv
ed
 t

oo
 d

ee
pl

y 
to
 b

e 
di

stu
rb

ed
 b

y 
be

am
 tr

aw
lin

g.
• 

In 
ge

ne
ra

l, 
th

e 
m

or
tal

ity
 o

f 
an

ne
lid

 s
pe

ci
es
 d

ue
 

to
 t

ra
wl

in
g 

w
as
 l

ow
 (

< 
1-

14
%

). 
O

nl
y 

th
e 

fra
gi

le
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tu
be

-d
w

el
lin

g 
w

or
m

, 
Pe

ct
in

ar
ia
 

sp
., 

w
as

 
se

rio
us

ly
 

af
fe

ct
ed
 

(5
6%

). 
So

m
e 

an
th

oz
oa

ns
 

w
er

e 
ai

so
 c

le
ar

ly
 a

ffe
ct

ed
.

A
fte

r 
fis

hi
ng
 a
 s

tu
dy

 a
re

a 
in 

sa
nd

y 
ar

ea
s 

of
f 

th
e

D
ut

ch
 c

oa
st
 t

w
ic

e 
wi

th 
a 

co
m

m
er

ci
al
 4

-m
 b

ea
m

tra
wl
 m

or
tal

ity
 c

ou
ld
 b

e 
es

tim
at

ed
 f

or
 a
 n

um
be

r 
of

sp
ec

ie
s:

• 
M

or
tal

ity
 o

f 
da

b,
 p

la
ic

e, 
sc

al
df

ish
, s

ol
en

et
te
 a

nd
 

so
le
 v

ar
ie

d 
co

ns
id

er
ab

ly
 w

ith
 s

pe
ci

es
 a

nd
 s

iz
e 

(2
-7

0%
 o

f t
he

 in
iti

al 
nu

m
be

rs
).

• 
M

or
tal

ity
 o

f 
ec

hi
no

de
rm

s 
w

as
 g

en
er

al
ly
 l

ow
 f

or
 

st
ar

fis
h 

an
d 

br
itt

le
sta

rs
 (

< 
6%

) 
an

d 
re

lat
iv

ely
 

hi
gh

 fo
r E

ch
in

oc
ar

di
um

 c
or

da
tu

m
 (4

4%
).

• 
Th

e 
m

ol
lu

sc
s 

sp
ec

ie
s 

A
ng

ul
us
 s

pp
., 

Ch
am

el
ea

 
ga

lli
na
 a

nd
 

En
si

s 
sp

p.
 w

er
e 

ha
rd

ly
 a

ffe
ct

ed
. 

M
or

tal
ity
 o

f 
A

br
a 

al
ba

, 
D

on
ax
 v

itt
at

us
, 

Eu
sp

ira
 

po
lia

na
, 

M
ac

tra
 c

or
all

in
a, 

Sp
isu

la
 s

ub
tru

nc
at

a 
an

d 
Te

lli
m

ya
 f

er
ru

gi
no

sa
 v

ar
ie

d 
be

tw
ee

n 
4 

an
d 

84
%

, 
an

d 
w

as
 c

au
se

d 
by
 t

he
 t

ic
kl

er
 c

ha
in

s, 
w

hi
ch
 

da
m

ag
ed
 

or
 

ex
po

se
d 

th
e 

an
im

al
s 

to
 

sc
av

en
ge

rs
.

• 
M

or
tal

ity
 

of
 

cr
us

ta
ce

an
s 

w
as
 

ge
ne

ra
lly
 

hi
gh

 
(L

io
ca

rc
in

us
 h

ol
sa

tu
s 2

2 
to

 5
8%

, 
C

or
ys

te
s 

ca
ss

i­
ve

la
un

us
 4

5 
to

 6
9%

, E
up

ag
ur

us
 b

er
na

rd
us

 4
7 

to
 

82
%

). 
M

or
tal

ity
 o

f 
an

ne
lid
 s

pe
ci

es
 a

nd
 s

om
e 

an
th

oz
oa

ns
 w

as
 <

 2
4%

.
• 

Tr
aw

lin
g 

th
e 

sa
m

e 
ar

ea
 tw

ic
e 

in
di

ca
te

d 
th

at
 a

n 
in

cr
ea

se
 i

n 
tra

w
lin

g 
in

te
ns

ity
 l

ea
ds

 t
o 

in
cr

ea
se

d 
m

or
ta

lit
y,
 e

sp
ec

ia
lly

 fo
r i

m
m

ig
ra

tin
g 

or
 b

ur
ro

w
in

g 
sp

ec
ie

s.

SC
AV

EN
GI

NG

A
fte

r t
he

 p
as

sa
ge

 o
f a

 b
ea

m
 tr

aw
l, 

be
nt

hi
c 

an
im

al
s 

m
ay
 

be
 

da
m

ag
ed
 

or
 

di
slo

dg
ed

, 
an

d 
be

co
m

e 
av

ai
la

bl
e 

to
 s

ca
ve

ng
er

s.
A

na
ly

se
s 

of
 s

to
m

ac
h 

co
nt

en
ts
 c

ol
le

ct
ed
 b

ef
or

e 
an

d 
af

te
r t

ra
wl

in
g,
 b

ot
h 

in 
th

e 
Iri

sh
 a

nd
 N

or
th
 S

ea
s,

 
sh

ow
ed
 t

ha
t 

da
b,
 

gu
rn

ar
ds

, 
do

gf
ish
 

an
d 

wh
iti

ng
 

in
cr

ea
se

d 
th

ei
r 

in
ta

ke
 o

f 
pr

ey
 a

fte
r 

fis
hi

ng
. 

D
ab

 
la

rg
el

y 
sc

av
en

ge
d 

on
 

bi
va

lv
es
 

(A
rc

tic
a, 

A
ca

nt
ho

ca
rd

iu
m

, 
D

on
ax
 

an
d 

Sp
isu

la
), 

an
d 

cr
us

ta
ce

an
s 

(U
po

ge
bi

a 
an

d 
Ca

lli
an

as
sa

). 
Th

es
e 

bi
va

lv
es
 a

re
 n

or
m

all
y 

no
t 

ac
ce

ss
ib

le
 t

o 
da

b.
 B

ot
h 

gu
rn

ar
ds

 a
nd

 w
hi

tin
g 

fe
d 

on
 d

isl
od

ge
d 

am
ph

ip
od

s, 
A

m
pe

lis
ca
 s

pi
ni

pe
s. 

Be
am
 t

ra
w

lin
g 

da
m

ag
ed
 t

he
 

bu
rro

w
in

g 
he

ar
t u

rc
hi

n,
 S

pa
ta

ng
us

 p
ur

pu
re

us
, w

hi
ch

 
w

as
 s

ub
se

qu
en

tly
 f

ed
 u

po
n 

by
 w

hi
tin

g.
 

M
ate

ria
l 

di
sc

ar
de

d 
af

te
r t

ra
w

lin
g 

m
ay

 b
e 

a 
m

aj
or

 fo
od

 s
ou

rc
e 

fo
r s

ca
ve

ng
er

s.
Th

e 
im

m
ig

ra
tio

n 
of

 s
pe

ci
es

 in
to
 a

 r
ec

en
tly

 tr
aw

le
d 

ar
ea
 

m
ay
 

in
di

ca
te
 

sc
av

en
gi

ng
 

be
ha

vi
ou

r. 
D

ab
, 

pl
ai

ce
, 

wh
iti

ng
 a

nd
 b

ib
, 

of
te

n 
sh

ow
ed
 i

nc
re

as
in

g 
nu

m
be

rs
 in

 s
uc

ce
ss

iv
e 

ca
tc

he
s. 

G
re

at
er

 n
um

be
rs

 o
f 

so
m

e 
in

ve
rte

br
at

e 
sp

ec
ie

s 
(e

.g
. 

he
rm

it 
cr

ab
s 

an
d 

sta
rfi

sh
) 

w
er

e 
ca

ug
ht
 

24
 

h 
af

te
r 

in
te

ns
iv

e 
co

m
m

er
ci

al
 t

ra
wl

in
g 

as
 c

om
pa

re
d 

wi
th
 1
 

h 
af

te
r 

tra
wl

in
g.
 

H
ow

ev
er

, 
it 

is 
no

t 
cl

ea
r 

w
he

th
er
 t

he
se

 
sp

ec
ie

s 
ac

t 
as
 s

ca
ve

ng
er

s. 
O

bs
er

va
tio

ns
 o

f 
th

e 
se

ab
ed
 u

sin
g 

si
de

-s
ca

n 
so

na
r 

re
ve

al
ed
 a
 g

re
at

er
 

co
nc

en
tra

tio
n 

of
 fi

sh
 m

ar
ks

 a
ro

un
d 

tra
wl

 tr
ac

ks
 th

an
 

in 
ad

ja
ce

nt
 u

nf
ish

ed
 a

re
as

. 
G

en
er

al
ly

, 
th

e 
re

su
lts

 
in

di
ca

te
 t

ha
t 

fis
h 

ra
pi

dl
y 

m
ig

ra
te
 i

nt
o 

tra
w

le
d 

ar
ea

s 
to
 f

ee
d 

on
 a

ni
m

al
s 

th
at
 h

av
e 

be
en

 e
ith

er
 d

am
ag

ed
 

or
 d

ist
ur

be
d 

by
 fi

sh
in

g.
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 b
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 m
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r f
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 c
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 c
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r c
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r t
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 c
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 c
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 p
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 d
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r d
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e 
cu

rre
nt
 a

n 
in

cr
ea

se
 in

 to
w

in
g 

sp
ee

d 
fro

m
 4

 to
 7

 k
no

ts 
re

su
lts

 in
 a

 d
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 p
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 p
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 c
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 d
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ra
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 m
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 b
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m
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 m
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 p
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e 

pr
es

su
re

 fo
rc

e 
P 

of
 o

ne
 tr

aw
l h

ea
d 

on
 th

e 
se

a 
bo

tto
m

 is

P 
= 

(W
g 

- P
U)

/2

in 
w

hi
ch

 W
g 

is 
th

e 
w

ei
gh

t u
nd

er
w

at
er

 o
f (

tra
wl

 h
ea

ds
 +

 b
ea

m
 +

 b
rid

le
s)

, 1
32

90
 N

.

Th
e 

av
er

ag
e 

pr
es

su
re

 f
or

ce
 c

al
cu

la
te

d 
fro

m
 th

e 
w

ar
p 

lo
ad

 a
s 

co
m

pa
re

d 
wi

th
 th

e 
pr

es
su

re
 f

or
ce
 m

ea
su

re
d 

wi
th
 th

e 
in

str
um

en
te

d 
tra

w
l 

he
ad

 is
 p

re
se

nt
ed

 i
n 

Fi
g. 

22
. 

Lo
ad

s 
an

d 
pr

es
su

re
s 

ar
e 

gi
ve

n 
in 

th
e 

te
xt
 ta

bl
e 

be
lo

w.
 P

re
ss

ur
es

 a
re

 c
al

cu
la

te
d 

fo
r f

ull
 c

on
ta

ct
 o

f t
he

 s
ol

e 
pl

at
e 

wi
th

 th
e 

bo
tto

m
 (

at
 3

 a
nd

 4
 k

no
ts 

fo
r t

ow
in

g 
ag

ai
ns

t 
or

 w
ith

 t
he

 c
ur

re
nt
 r

es
pe

ct
iv

el
y)
 a

nd
 f

or
 h

ee
l 

co
nt

ac
t 

on
ly
 (

pr
es

su
re

s 
at
 5
 a

nd
 6

 k
no

ts)
. 

At
 h

ig
he

r 
sp

ee
ds

 b
ot

to
m

 c
on

ta
ct

 is
 lo

st 
an

d 
on

ly
 th

e 
w

at
er

 p
re

ss
ur

e 
af

fe
ct

s t
he

 r
ec

or
di

ng
s.

28



pr
es

su
re

 fo
rc

e 
N

pr
es

su
re

N
/c

m
2

sp
ee

d
be

ar
in

g
in

str
.

fro
m

 w
ar

p
in

str
. t

ra
wl

fro
m

 w
ar

p
di

ffe
re

nc
e

kn
ot

s
su

rfa
ce

tra
w

l h
ea

d
lo

ad
he

ad
lo

ad
cm

 x
 c

m
to

w
in

g 
ag

ai
ns

t t
he

 c
ur

re
nt

3
75

x3
5

53
00

47
28

2.
02

1.
80

0.
22

4
37

50
36

60
5

25
x3

5
22

80
28

03
2.6

1
3.

20
-0

.6
0

6
10

00
15

06
to

w
in

g 
wi

th
 th

e 
cu

rre
nt

4
75

x3
5

45
00

45
62

1.7
1

1.
74

-0
.0

2
5

42
00

42
24

6
25

x3
5

27
50

31
03

3.
14

3.
55

-0
.4

0
7

10
00

18
23

Th
e 

di
ffe

re
nc

e 
in 

pr
es

su
re

 o
bt

ai
ne

d 
by

 b
ot

h 
m

ea
su

re
m

en
t m

et
ho

ds
 is

 n
ot

 s
ub

sta
nt

ia
l. 

H
ow

ev
er

, w
he

n 
fis

hi
ng

 
wi

th
 t

he
 c

ur
re

nt
 t

he
 d

iff
er

en
ce
 i

n 
pr

es
su

re
 l

oa
d 

se
em

s 
fo
 i

nc
re

as
e 

wi
th
 i

nc
re

as
in

g 
sp

ee
ds
 (

Fi
g.
 2

2a
). 

At
 

th
es

e 
hi

gh
er

 s
pe

ed
s 

th
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s, 

an
th

oz
oa

ns
) 

w
as
 

m
uc

h 
lo

w
er
 a

fte
r 

ex
pe

rim
en

ta
l 

tra
w

lin
g 

(T
ab

le
 

I).
 

H
ow

ev
er

, 
th

e 
de

ns
ity
 o

f 
m

ob
ile

 
in

ve
rte

br
at

es
 s

uc
h 

as
 E

up
ag

ur
us

 b
er

nh
ar

du
s, 

Li
oc

ar
ci

nu
s h

ol
sa

tu
s 

(s
w

im
m

in
g 

cr
ab

), 
Pa

la
em

on
 sp

p.
 (

pr
aw

n)
 

an
d 

fis
h 

in
cr

ea
se

d 
af

te
r 

tra
w

lin
g 

(T
ab

le
 I

). 
Af

ter
 f

ish
in

g 
wi

th
 t

he
 c

om
m

er
ci

al
 b

ea
m
 t

ra
w

l 
th

e 
co

m
m

un
ity

 
st

ru
ct

ur
e 

ha
d 

ch
an

ge
d 

su
ffi

ci
en

tly
 to

 b
e 

di
ffe

re
nt

ia
te

d 
by

 b
ot

h 
cl

us
te

r 
an

al
ys

is 
an

d 
m

ul
tid

im
en

sio
na

l s
ca

lin
g 

(F
ig

. 2
). 

M
or

eo
ve

r, 
M

DS
 r

ev
ea

le
d 

th
at
 t

he
 v

ar
ia

tio
n 

be
tw

ee
n 

sa
m

pl
es

 t
ak

en
 a

fte
r 

fis
hi

ng
 w

as
 m

uc
h 

lo
w

er
 

th
an

 s
am

pl
es

 o
ta

in
ed

 b
ef

or
e 

fis
hi

ng
, w

hi
ch

 s
ug

ge
st

s 
th

at
 b

ea
m

 tr
aw

lin
g 

re
du

ce
s 

sp
at

ia
l v

ar
ia

tio
n 

wi
th

in
 th

e 
co

m
m

un
ity

 in
 th

e 
tra

w
le

d 
ar

ea
.
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A
SS

ES
SM

EN
T 

O
F 

SU
RV

IV
AL

M
ET

HO
DS

In
 M

ar
ch

 a
nd

 A
ug

us
t 1

99
2 

an
d 

Ap
ril
 1

99
3,
 a

 4
-m

 b
ea

m
 tr

aw
l w

as
 to

w
ed

 fo
r 3

0 
m

in
 (

n=
3)

 o
n 

ea
ch

 o
cc

as
io

n.
 

A
fte

r e
ac

h 
ha

ul
, a

 s
ub

-s
am

pl
e 

of
 th

e 
ca

tc
h 

fro
m

 th
e 

co
d-

en
d 

w
as

 p
la

ce
d 

im
m

ed
ia

te
ly

 in
to

 a
 5

0 
I b

in
 fi

lle
d 

wi
th

 
se

a 
w

at
er

 a
nd

 th
en

 tr
an

sf
er

re
d 

to
 a

 s
ur

vi
va

l s
ys

te
m

. T
he

 s
ur

vi
va

l s
ys

te
m

 c
on

sis
te

d 
of

 s
ix

 4
.0

 x
 0

.5
 x

 0
.3
 m

 
ta

nk
s, 

at
ta

ch
ed

 to
 a

 s
te

el
 fr

am
e 

w
hi

ch
 w

as
 l

oc
ke

d 
to

 th
e 

de
ck

 o
f t

he
 s

hi
p 

us
in

g 
tw

ist
 lo

ck
s. 

Ea
ch

 ta
nk

 w
as

 
fit

te
d 

wi
th
 th

re
e 

ev
en

ly
 s

pa
ce

d,
 r

em
ov

ab
le
 p

ar
tit

io
ns

 d
ril

led
 w

ith
 tw

en
ty
 1
 c

m
 d

ia
m

et
er

 h
ol

es
 w

hi
ch

 a
llo

w
ed

 
fr

ee
 c

irc
ul

at
io

n 
of

 w
at

er
. T

he
 e

nt
ire

 s
ys

te
m

 w
as

 e
nc

lo
se

d 
wi

th
 a

 ta
rp

au
lin

 c
ov

er
 to

 e
lim

in
at

e 
lig

ht
 w

hi
ch

 m
ay

 
ha

ve
 i

nc
re

as
ed
 a

ni
m

al
's 

st
re

ss
. 

Th
e 

sp
ec

ie
s 

se
le

ct
ed
 f

or
 e

xa
m

in
at

io
n 

w
er

e 
m

ai
nt

ai
ne

d 
in 

se
pa

ra
te

 
co

m
pa

rtm
en

ts
 w

ith
 s

ea
 w

at
er

 fl
ow

in
g 

to
 w

as
te

. 
An

 a
ss

es
sm

en
t 

w
as
 m

ad
e 

of
 t

he
 i

nit
ial
 m

or
tal

ity
 o

f 
ea

ch
 

sp
ec

ie
s 

co
lle

ct
ed

 in
 th

e 
su

bs
am

pl
e.

 O
nl

y 
liv

e a
ni

m
al

s w
er

e 
pl

ac
ed

 in
 th

e 
su

rv
iv

al
 s

ys
te

m
. T

he
ir 

m
or

ta
lit

y 
w

as
 

re
co

rd
ed

 a
t i

nt
er

va
ls 

of
 2

4 
h 

fo
r u

p 
to
 1

20
 h

, a
lth

ou
gh

 th
e 

pr
oc

ed
ur

e 
va

rie
d 

fro
m

 y
ea

r t
o 

ye
ar

 d
ep

en
di

ng
 o

n 
ci

rc
um

sta
nc

es
.

RE
SU

LT
S

Ec
hi

no
de

rm
s 

w
er

e,
 g

en
er

al
ly

, h
ig

hl
y 

re
sil

ie
nt

. T
he

 in
iti

al 
an

d 
de

la
ye

d 
m

or
tal

ity
 (0

 to
 1

%
) 

of
 A

st
er

ia
s 

ru
be

ns
 

an
d 

A
st

ro
pe

ct
en

 i
rre

gu
la

ris
 w

as
 l

ow
er

 th
an
 o

th
er
 a

ni
m

al
s 

(T
ab

le 
II)

. 
O

ph
iu

ra
 o

ph
iu

ra
 s

uf
fe

re
d 

lo
w 

ini
tia

l 
m

or
tal

ity
, 

w
hi

ch
 i

nc
re

as
ed

 to
 1

4-
19

%
 a

fte
r 

12
0 

h. 
D

el
ay

ed
 m

or
tal

ity
 o

cc
ur

re
d 

in 
th

os
e 

an
im

al
s 

w
hi

ch
 h

ad
 

ba
dl

y 
da

m
ag

ed
 o

r c
ru

sh
ed

 o
ra

l d
is

cs
, w

hi
ch

 d
isi

nt
eg

ra
te

d 
wi

th
 ti

m
e. 

A
m

on
gs

t e
ch

in
od

er
m

s, 
Ps

am
m

ec
hi

nu
s 

m
ili

ar
is 

ha
d 

th
e 

hi
gh

es
t i

nit
ial

 m
or

tal
ity

 (
20

%
) 

an
d 

th
e 

gr
ea

te
st

 fi
na

l m
or

tal
ity

 (
51

%
). 

Eu
pa

gu
ru

s 
be

rn
ha

rd
us

 
sh

ow
ed
 l

ow
 o

ve
ra

ll 
m

or
tal

ity
 (

6%
), 

th
e 

an
im

al
s 

th
at
 d

ie
d 

te
nd

ed
 t

o 
be

 t
ho

se
 w

hi
ch
 h

ad
 a

ba
nd

on
ed

 t
he

ir 
sh

el
ls 

an
d 

ha
d 

be
en

 c
ru

sh
ed

 in
 t

he
 c

od
en

d.
 H

ow
ev

er
, 

Eu
pa

gu
ru

s 
pr

id
ea

ux
i (

he
rm

it 
cr

ab
) 

su
ffe

re
d 

sli
gh

tly
 

hi
gh

er
 m

or
tal

ity
 (<

14
%

). 
D

es
pi

te
 th

ei
r f

ra
gi

le
 a

pp
ea

ra
nc

e,
 M

ac
ro

po
di

a 
te

nu
iro

str
is 

su
ffe

re
d 

re
la

tiv
el

y 
lo

w 
to

ta
l 

m
or

ta
lit

y 
(3

2%
) 

af
te

r 
72
 h

. 
In 

M
ar

ch
 1

99
2,
 s

w
im

m
in

g 
cr

ab
s 

su
ffe

re
d 

45
%
 i

nit
ial
 m

or
tal

ity
, 

w
hi

ch
 o

nl
y 

in
cr

ea
se

d 
to
 5

8%
 a

fte
r 

72
 h

. 
In 

Ap
ril
 1

99
3 

ho
w

ev
er

, 
ov

er
all
 m

or
tal

ity
 w

as
 m

uc
h 

lo
w

er
 (

<1
5%

). 
Al

th
ou

gh
 

Ca
lli

on
ym

us
 s

pp
. 

(d
ra

go
ne

t) 
ha

d 
an
 i

nit
ial
 m

or
tal

ity
 o

f 
6-

12
%

 f
in

al 
m

or
tal

ity
 i

nc
re

as
ed

 t
o 

be
tw

ee
n 

68
 a

nd
 

97
%

. P
le

ur
on

ec
te

s p
la

te
ss

a 
(p

la
ic

e)
 a

nd
 R

aj
a 

na
ev

us
 (c

uc
ko

o 
ra

y)
 s

ho
w

ed
 d

el
ay

ed
 m

or
tal

ity
 in

cr
ea

si
ng

 fr
om

 
an

 in
iti

al 
6 

an
d 

0%
 to

 3
8 

an
d 

34
%

 fi
na

l m
or

tal
ity

 re
sp

ec
tiv

el
y.

 A
lth

ou
gh

 m
or

tal
ity

 o
f A

lcy
on

iu
m

 d
ig

ita
tu

m
, w

as
 

im
po

ss
ib

le
 t

o 
de

te
rm

in
e 

by
 c

as
ua

l 
in

sp
ec

tio
n,
 i

t w
as
 a

pp
ar

en
t 

th
at
 p

ol
yp

s 
em

er
ge

d 
wi

th
 t

he
ir 

te
nt

ac
le

s 
ex

te
nd

ed
 w

ith
in

 2
4 

h 
an

d 
re

tra
ct

ed
 w

he
n 

ex
po

se
d 

to
 li

gh
t.

D
IS

CU
SS

IO
N

Th
es

e 
re

su
lts

 s
ho

w
 th

at
 f

ish
in

g 
wi

th
 t

he
 4

-m
 b

ea
m
 t

ra
w

l 
lo

w
er

ed
 t

he
 d

en
sit

y 
an

d 
bi

om
as

s 
of
 t

he
 s

es
si

le
 

an
im

al
s 

in 
th

e 
ex

pe
rim

en
ta

l 
bo

x.
 I

n 
pa

rti
cu

la
r, 

th
e 

bi
om

as
s 

of
 A

. 
di

gi
ta

tu
m
 a

nd
 h

yd
ro

id
s 

w
as
 r

ed
uc

ed
 b

y 
ap

pr
ox

im
at

el
y 

50
%
 a

fte
r 

tra
w

lin
g 

(T
ab

le
 I

). 
Ho

w 
qu

ick
ly

 th
es

e 
an

im
al

s 
ar

e 
lik

ely
 to

 r
ec

ol
on

iz
e 

th
e 

ar
ea

 is
 

un
kn

ow
n 

bu
t t

he
 p

er
io

d 
co

ul
d 

sp
an

 m
on

th
s 

to
 y

ea
rs

 w
he

re
 n

at
ur

al
 r

ec
ru

itm
en

t i
s 

co
nc

er
ne

d.
 T

he
 d

en
sit

y 
of

 
so

m
e 

m
ob

ile
 s

pe
ci

es
 i

nc
re

as
ed

 a
fte

r t
ra

wl
in

g 
(T

ab
le
 I

). 
M

os
t o

f t
he

se
 s

pe
ci

es
 a

re
 s

ca
ve

ng
er

s 
or

 p
re

da
to

rs
 

(e
.g

. E
. b

er
nh

ar
du

s, 
Ca

lli
on

ym
us

 sp
p.

 a
nd

 P
al

ae
m

on
 sp

p.
) 

an
d 

m
ov

e 
ra

pi
dl

y 
(1

-3
 h

) i
n 

re
sp

on
se

 to
 c

he
m

ic
al

 
sti

m
ul

i 
(N

ic
ke

ll 
& 

M
oo

re
, 

19
92

) 
pr

od
uc

ed
 b

y 
da

m
ag

ed
 o

r 
ki

lle
d 

an
im

al
s 

w
hi

ch
 r

es
ul

t f
ro

m
 b

ea
m

 tr
aw

lin
g 

ac
tiv

ity
. O

th
er

 sc
av

en
ge

rs
, s

uc
h 

as
 B

. u
nd

at
um

 a
nd

 A
. r

ub
en

s, 
m

ay
 r

es
po

nd
 m

or
e 

slo
wl

y,
 a

rri
vi

ng
 a

fte
r 

12
 h

 
(S

ai
nt

e-
M

ar
ie

 &
 H

ar
gr

av
e,
 1

98
7;
 N

ic
ke

ll 
& 

M
oo

re
, 

19
92

). 
O

th
er

 r
es

ul
ts 

ai
so

 s
ho

w
ed

 th
at

 d
og

fis
h,
 w

hi
tin

g 
an

d 
gu

rn
ar

ds
 t

ak
e 

ad
va

nt
ag

e 
of
 t

hi
s 

ex
tra

 f
oo

d 
so

ur
ce
 (

K
ai

se
r 

& 
Sp

en
ce

r, 
19

93
), 

as
 d

o 
da

bs
, 

Li
m

an
da

 
am

an
da

,  i
n 

th
e 

N
or

th
 S

ea
 (M

. F
on

ds
, p

er
so

na
l c

om
m

un
ic

at
io

n)
.

A
ni

m
al

s 
th

ai
 f

or
m
 t

he
 b

y-
ca

tc
h 

of
 a

 b
ea

m
 tr

aw
l 

ca
n 

su
ff

er
 in

ju
rie

s 
fro

m
 a

 v
ar

ie
ty
 o

f 
so

ur
ce

s. 
Th

e 
be

am
 

sh
oe

s,
 c

ha
in
 m

at
 a

nd
 a

br
as

io
n 

fro
m

 th
e 

ne
t c

an
 i

nf
lic

t w
ou

nd
s 

an
d 

in
ju

rie
s 

of
 d

iff
er

en
t d

eg
re

es
 o

f s
ev

er
ity

. 
O

n 
ha

ul
in

g 
th

e 
ne

t, 
pr

es
su

re
 fr

om
 th

e 
w

ei
gh

t o
f c

at
ch

 c
an

 in
fli

ct 
br

ui
se

s 
an

d 
in

te
rn

al 
in

ju
rie

s 
w

hi
ch

 m
ay

 le
ad

 
to

 d
el

ay
ed

 m
or

tal
ity

. S
om

e 
an

im
al

s 
su

rv
iv

e 
th

is 
ex

pe
rie

nc
e 

be
tte

r t
ha

n 
ot

he
rs
 (

Ta
bl

e 
II)

. A
s 

in 
ot

he
r s

tu
di

es
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(B
EO

N,
 1

99
0,
 1

99
1)
 e

ch
in

od
er

m
s, 

in 
pa

rti
cu

la
r 

as
te

ro
id

s, 
sh

ow
ed

 a
 h

ig
h 

pe
rc

en
ta

ge
 s

ur
vi

va
l w

hi
ch
 i

s 
no

t 
su

rp
ris

in
g 

co
ns

id
er

in
g 

th
ei

r 
ab

ili
ty

 to
 r

eg
en

er
at

e 
lim

bs
 (

B
ar

ne
s, 

19
80

). 
Th

e 
su

sc
ep

tib
ili

ty
 to

 d
am

ag
e 

se
em

s 
to

 b
e 

re
la

te
d 

to
 th

e 
fle

xi
bi

lit
y 

of
 th

e 
te

st
. S

ea
 u

rc
hi

ns
 h

av
e 

br
itt

le 
te

st
s,

 w
hi

ch
 a

re
 e

as
ily

 s
m

as
he

d 
an

d 
ex

po
se

 
th

em
 t

o 
pr

ed
at

io
n.
 O

ph
iu

ro
id

s 
ha

ve
 f

lex
ib

le 
pl

at
es

, 
w

hi
ch
 a

re
 m

or
e 

su
sc

ep
tib

le
 t

o 
da

m
ag

e 
th

an
 t

he
 m

or
e 

fle
xi

bl
e 

te
st
 o

f a
st

er
oi

ds
. A

lth
ou

gh
 s

w
im

m
in

g 
cr

ab
s, 

L. 
ho

ls
at

us
, a

re
 a

bl
e 

to
 r

eg
en

er
at

e 
lim

bs
, t

he
y 

ar
e 

Ki
lle

d 
w

he
n 

th
ei

r c
ar

ap
ac

es
 a

re
 c

ru
sh

ed
. I

n 
an

ot
he

r s
tu

dy
 (K

ai
se

r &
 R

og
er

s, 
un

pu
bl

ish
ed

 d
at

a)
 ti

ck
le

r c
ha

in
s 

w
er

e 
id

en
tif

ie
d 

as
 th

e 
pa

rt 
of

 th
e 

be
am

 tr
aw

l t
ha

t w
as

 m
ai

nl
y 

re
sp

on
sib

le
 fo

r c
ru

sh
ed

 c
ar

ap
ac

es
. 

Ca
lli

on
ym

us
 sp

p.
 

su
ffe

re
d 

hi
gh
 d

el
ay

ed
 m

or
tal

ity
, 

w
hi

ch
 w

as
 c

on
tra

ry
 t

o 
ou

r 
ex

pe
ct

at
io

ns
 a

s 
su

pe
rfi

ci
al

ly
 t

he
y 

ap
pe

ar
ed

 
un

da
m

ag
ed

. I
t i

s p
ro

ba
bl

e 
th

at
 a

 c
om

bi
na

tio
n 

of
 s

tre
ss

 a
nd

 in
te

rn
al

 in
ju

rie
s c

on
tri

bu
te

d 
to

 th
ei

r h
ig

h 
m

or
tal

ity
. 

M
or

e 
th

an
 6

0%
 o

f 
Pl

eu
ro

ne
ct

es
 p

la
te

ss
a 

an
d 

Ra
ja
 n

ae
vu

s, 
w

er
e 

sti
ll 

ali
ve
 a

fte
r 

12
0 

h. 
Th

is 
is 

pr
ob

ab
ly

 
at

tri
bu

ta
bl

e 
to

 th
ei

r t
hi

ck
, 

ar
m

ou
re

d 
sli

m
y 

sk
in

. T
ho

se
 s

pe
ci

m
en

s 
w

hi
ch

 d
ie

d 
sh

ow
ed

 s
ig

ns
 o

f e
ith

er
 s

ev
er

e 
(>

30
%

) s
ca

le
 lo

ss
 (P

. p
la

te
ss

a)
 a

nd
/o

r b
ru

isi
ng

 (
R.

 n
ae

vu
s)

.
O

ur
 r

es
ul

ts 
de

m
on

st
ra

te
 th

at
 a

 4
-m

 c
om

m
er

ci
al

 b
ea

m
 tr

aw
l f

itt
ed

 w
ith

 c
ha

in
 m

at
 r

ed
uc

es
 th

e 
bi

om
as

s 
an

d 
de

ns
ity

 o
f, 

in 
pa

rti
cu

la
r, 

se
ss

ile
 i

nv
er

te
br

at
es

. 
H

ow
ev

er
 m

ob
ile

 a
ni

m
al

s 
qu

ick
ly
 m

ig
ra

te
 i

nt
o 

th
e 

tra
wl

 tr
ac

k 
an

d 
fe

ed
 o

n 
so

m
e 

of
 th

e 
da

m
ag

ed
 a

nd
 d

ea
d 

sp
ec

ie
s. 

No
t a

li 
th

e 
an

im
al

s 
ca

ug
ht

 in
 th

e 
be

am
 tr

aw
l a

re
 k

ill
ed

. 
Th

e 
ab

un
da

nc
e 

of
 a

ni
m

al
s 

w
hi

ch
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Table II Restis ol survival experiments carried oui between March 1992 and April 1993. The cumulative % mortality lor each species in 24 hourly intervals.
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tw
ee

n 
lo

g 
nu

m
be

r p
er

 h
au

l (
N)

 a
nd

 h
au

l n
um

be
r (

t) 
as

: 
In 

Nt
 =

 In
 N

o 
+ 

B 
* t

, w
he

re
 N

t i
s t

he
 n

um
be

rs
 o

f a
 s

pe
ci

es
 in

 h
au

l t
 a

nd
 N

o 
is 

an
 e

st
im

at
e 

of
 th

e 
ini

tia
l 

ca
tc

ha
bl

e 
nu

m
be

rs
 b

ef
or

e 
tra

w
lin

g 
st

ar
te

d 
(t=

0)
. 

Th
e 

m
ea

n 
pe

rc
en

ta
ge

 d
ec

re
as

e 
in 

nu
m

be
rs
 o

f 
di

ffe
re

nt
 

sp
ec

ie
s 

in 
su

cc
es

si
ve

 c
at

ch
es

 w
as

 e
st

im
at

ed
 a

s:
 (

ee
xp

.B
 -1

) *
 1

00
. V

al
ue

s 
of

 N
o 

an
d 

B,
 w

ith
 th

e 
co

rre
la

tio
n 

co
ef

fic
ie

nt
 r

2 
fo

r t
he

 l
in

ea
r r

eg
re

ss
io

n 
of
 In

 N
 a

ga
in

st
 t,
 a

re
 p

re
se

nt
ed

 in
 T

ab
le
 1

2,
 t

og
et

he
r w

ith
 v

al
ue

s 
fo

r 
th

e 
pe

rc
en

ta
ge

 d
ec

re
as

e 
in 

nu
m

be
rs

 p
er

 h
au

l. 
Th

e 
to

ta
l n

um
be

rs
, 

as
 th

e 
su

m
 o

f a
li 

8 
ha

ul
s 

to
ge

th
er

, w
er

e 
co

m
pa

re
d 

wi
th

 th
e 

nu
m

be
rs

 c
au

gh
t i

n 
th

e 
fir

st 
ha

ul
. I

f a
li 

in
di

vi
du

als
 o

f a
 s

pe
ci

es
 o

n 
th

e 
pa

th
 o

f t
he

 tr
aw

l a
re

 
ca

ug
ht
 i

n 
th

e 
ne

t, 
th

e 
nu

m
be

rs
 i

n 
th

e 
fir

st 
ha

ul
 s

ho
ul

d 
be
 a

bo
ut
 3

0%
 o

f 
th

e 
to

ta
l 

su
m

, 
si

nc
e 

ea
ch
 h

au
l 

co
ve

re
d 

ab
ou

t 
30

%
 o

f 
th

e 
to

ta
l 

ar
ea
 o

f 
th

e 
tra

ns
ec

t. 
Lo

w
er
 p

er
ce

nt
ag

es
 i

n 
th

e 
fir

st 
ha

ul
 i

nd
ic

at
ed
 t

ha
t 

sp
ec

ie
s 

w
er

e 
no

t c
au

gh
t f

or
 1

00
%

. S
om

e 
sp

ec
ie

s 
liv

e 
to

o 
de

ep
 in

 th
e 

bo
tto

m
 (

Ec
hi

no
ca

rd
iu

m
, A

str
op

ec
te

n,
 

C
or

ys
te

s, 
Sh

el
lfi

sh
), 

wh
ile
 o

th
er

s 
pr

ob
ab

ly
 p

as
se

d 
th

ro
ug

h 
th

e 
m

es
he

s 
(s

w
im

m
in

g 
cr

ab
s, 

wh
iti

ng
) 

or
 

m
an

ag
ed

 t
o 

av
oi

d 
th

e 
ne

t. 
So

m
e 

sp
ec

ie
s 

po
ss

ib
ly
 e

m
ig

ra
te

d 
or
 i

m
m

ig
ra

te
d 

in
to
 t

he
 a

re
a 

of
 t

he
 t

ra
w

le
d 

tra
ns

ec
t. 

Im
m

ig
ra

tio
n 

w
as
 e

vi
de

nt
 fo

r d
ab

, 
pl

ai
ce
 a

nd
 w

hi
tin

g:
 b

et
w

ee
n 

ha
ul
 n

um
be

r 7
 a

nd
 h

au
l 

nu
m

be
r 

8 
w

as
 a

 ti
m

e 
la

ps
e 

of
 2

.5
 h

ou
rs

, f
ol

lo
w

ed
 b

y 
a 

m
ar

ke
d 

in
cr

ea
se

 in
 n

um
be

rs
 o

f t
he

se
 fi

sh
 in

 h
au

l 8
. T

he
 th

re
e 

sp
ec

ie
s 

di
d 

no
t s

ho
w
 a

 s
ig

ni
fic

an
t d

ec
re

as
e 

in 
nu

m
be

rs
 in

 s
uc

ce
ss

iv
e 

ca
tc

he
s, 

da
bs

 e
ve

n 
sh

ow
ed

 a
 (

no
n 

sig
ni

fic
an

t) 
in

cr
ea

se
. 

Ev
en

 t
ho

ug
h 

30
%
 o

f 
th

e 
fis

h 
m

ay
 h

av
e 

be
en

 c
au

gh
t 

in 
ea

ch
 h

au
l, 

ot
he

rs
 p

ro
ba

bl
y 

im
m

ig
ra

te
d 

in
to

 th
e 

tra
w

le
d 

ar
ea

 in
 s

ea
rc

h 
fo

r f
oo

d,
 w

ith
 th

e 
re

su
lt 

th
at

 th
e 

nu
m

be
rs
 p

er
 c

at
ch

 r
em

ai
ne

d 
th

e 
sa

m
e.

Tw
o 

co
m

m
on

 s
he

llf
ish

 s
pe

ci
es

 o
n 

th
e 

O
ys

te
r g

ro
un

ds
, t

he
 q

ua
ho

g 
(A

rc
tic

a 
isl

an
di

ca
) a

nd
 th

e 
sp

in
y 

co
ck

le
 

(A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a)
 s

ho
w

ed
 v

er
y 

lo
w 

nu
m

be
rs
 i

n 
th

e 
fir

st 
ha

ul
 (

1-
3%

 o
f 

th
e 

su
m

), 
m

uc
h 

hi
gh

er
 

nu
m

be
rs

 in
 th

e 
se

co
nd

 h
au

l (
17

-2
1%

) a
nd

 a
 r

at
he

r s
lo

w
 d

ec
lin

e 
in 

nu
m

be
rs
 in

 th
e 

fo
llo

wi
ng

 h
au

ls.
 E

ve
n 

af
te

r 
7 

to
w

s 
ov

er
 th

e 
tra

ns
ec

t, 
ha

ul
 n

um
be

r 8
 s

til
l c

on
ta

in
ed

 m
an

y 
qu

ah
og

s 
an

d 
co

ck
le

s, 
in

di
ca

tin
g 

th
at

 th
e 

tra
wl

 
ca

ug
ht

 o
nl

y 
a 

sm
al

l p
ro

po
rti

on
 o

f t
he

 p
op

ul
at

io
n.
 B

ot
h 

sp
ec

ie
s 

liv
e 

in 
th

e 
bo

tto
m

 ju
st 

be
lo

w
 th

e 
su

rfa
ce

. T
he

 
co

ck
le

s 
ar

e 
ra

th
er
 s

m
al

l 
an

d 
m

an
y 

m
ay
 p

as
s 

th
ro

ug
h 

th
e 

m
es

he
s 

of
 c

om
m

er
ci

al
 n

et
s. 

Th
e 

qu
ah

og
s 

ho
w

ev
er

, 
w

er
e 

ali
 l

ar
ge
 o

ld
 a

ni
m

al
s 

th
at
 c

an
no

t 
pa

ss
 t

hr
ou

gh
 t

he
 m

es
he

s. 
So

m
e 

of
 t

he
se
 s

he
llf

ish
 w

er
e 

po
ss

ib
ly

 d
ug

 o
ut
 o

f t
he

 b
ot

to
m

 b
y 

th
e 

ac
tio

n 
of

 th
e 

tic
kl

er
 c

ha
in

s 
du

rin
g 

th
e 

fir
st 

pa
ss

ag
e 

of
 th

e 
ne

t, 
bu

t d
id

 
no

t e
nt

er
 th

e 
ne

t b
ec

au
se

 th
e 

gr
ou

nd
ro

pe
 o

f t
he

 tr
aw

l i
s c

ov
er

ed
 w

ith
 r

ub
be

r d
isk

s 
an

d 
ro

pe
 in

 o
rd

er
 to

 k
ee

p 
ou

t 
un

w
an

te
d 

ru
bb

ish
 s

uc
h 

as
 s

he
llf

ish
. 

In
 t

he
 f

ol
lo

wi
ng
 p

as
sa

ge
s 

of
 th

e 
tra

wl
, 

sh
el

lfi
sh

 t
ha

t w
er

e 
al

re
ad

y 
ex

po
se

d,
 p

os
sib

ly
 e

nt
er

ed
 th

e 
ne

t b
ec

au
se

 th
ey

 w
er

e 
th

ro
w

n 
up

 b
y 

th
e 

tic
kl

er
 ch

ai
ns

.
Th

e 
nu

m
be

rs
 o

f a
ni

m
al

s 
in 

su
cc

es
si

ve
 s

in
gl

e 
to

w
s 

of
te

n 
sh

ow
ed

 a
n 

al
te

rn
at

io
n 

of
 h

ig
h-

lo
w

-h
ig

h-
 e

tc
. (

Ta
bl

e 
12

). 
Th

is 
is 

pr
ob

ab
ly

 d
ue

 to
 th

e 
fa

ct
 th

at
 th

e 
tra

w
le

r f
ish

ed
 a

lte
rn

at
el

y 
wi

th
 th

e 
tid

al 
cu

rre
nt

 a
nd

 b
ac

k 
ov

er
 th

e 
tra

ns
ec

t 
ag

ai
ns

t 
th

e 
cu

rre
nt

, 
tra

w
lin

g 
m

or
e 

he
av

ily
 w

ith
 t

he
 c

ur
re

nt
 (

se
e 

Fo
nt

ey
ne

 &
 P

ol
et

, 
th

is 
re

po
rt)

. 
B

es
id

es
, i

n 
su

cc
es

si
ve

 h
au

ls 
th

e 
po

sit
io

n 
of

 th
e 

sh
ip

 w
as

 s
hi

fte
d 

pa
ra

lle
l t

o 
th

e 
lin

e 
ov

er
 a

 d
is

ta
nc

e 
of
 a

bo
ut

 
10

-2
0 

m
, i

n 
or

de
r t

o 
tra

w
l a

iso
 th

e 
m

id
dl

e 
ar

ea
 b

et
w

ee
n 

th
e 

ne
ts.

 In
 o

rd
er

 to
 c

om
pe

ns
at

e 
fo

r t
he

 e
ffe

ct
 o

f t
he

 
tid

e 
an

d 
co

ve
ra

ge
 o

f 
th

e 
tra

ns
ec

t, 
da

ta
 o

f 
th

e 
ha

ul
s 

w
er

e 
co

m
bi

ne
d 

in 
pa

irs
: 

ha
ul
 1

+2
, 

3+
4,
 e

tc
. 

Ea
ch

 
co

m
bi

ne
d 

ha
ul
 w

as
 a

pp
ro

xi
m

at
el

y 
10

00
 *
 2

4 
* 

2 
= 

4.
8 

ha
, 

ab
ou

t 
60

%
 o

f 
th

e 
to

ta
l 

su
rf

ac
e 

of
 t

he
 t

ra
w

le
d 

tra
ns

ec
t. 

N
um

be
rs
 o

f 
an

im
al

s 
in 

th
e 

ha
ul

s 
w

er
e 

ex
pr

es
se

d 
pe

r 
ha

 (
10

00
0 

m
2) 

an
d 

pr
es

en
te

d 
in 

Ta
bl

e 
13

. 
Th

e 
to

ta
l n

um
be

rs
 o

f a
ni

m
al

s 
w

er
e 

su
m

m
ed

 fo
r a

li 
ha

ul
s 

an
d 

di
vi

de
d 

by
 th

e 
(p

re
su

m
ed

) 
to

ta
l s

ur
fa

ce
 o

f t
he

 
tra

w
le

d 
tra

ns
ec

t, 
in 

or
de

r 
to
 e

st
im

at
e 

th
e 

to
ta

l 
nu

m
be

rs
 p

er
 h

a 
ca

ug
ht

 a
nd

 r
em

ov
ed

 b
y 

re
pe

at
ed

 tr
aw

lin
g.

 
Ca

tc
h 

ef
fic

ie
nc

y 
of

 th
e 

ne
t w

as
 e

st
im

at
ed

 a
s:

 c
at

ch
 in

 th
e 

fir
st 

ha
ul

 (n
/h

a)
 a

s 
pe

rc
en

ta
ge

 o
f t

he
 to

ta
l n

um
be

rs
 

pe
r h

a 
(s

um
, n

/h
a)

.

99



In 
th

e 
19

93
 s

ur
ve

y 
tra

w
lin

g 
ov

er
 a
 t

ra
ns

ec
t 

w
as
 c

ar
rie

d 
ou

t 
in 

a 
sim

ila
r 

w
ay
 i

n 
th

e 
sa

m
e 

ar
ea

 
(O

ys
te

rg
ro

un
ds

) 
an

d 
th

e 
da

ta
 h

av
e 

be
en

 p
re

se
nt

ed
 in

 th
e 

sa
m

e 
w

ay
 in

 T
ab

le
 1

4.
 T

he
 tr

an
se

ct
 w

as
 tr

aw
le

d 
10

 ti
m

es
, 

al
te

rn
at

in
g 

ha
ul

s 
w

er
e 

m
ad

e 
in

to
 th

e 
wi

nd
 a

nd
 w

ith
 th

e 
wi

nd
 o

n 
a 

pl
ot

te
d 

lin
e 

SW
-N

E,
 in

 o
rd

er
 to

 
ke

ep
 th

e 
sh

ip
 o

n 
th

e 
lin

e 
(s

ee
 F

ig
. 6

). 
Th

e 
tra

w
le

d 
tra

ns
ec

t w
as

 s
am

pl
ed

 w
ith

 a
 fi

ne
-m

es
he

d 
3-

m
 b

ea
m

 tr
aw

l 
pr

io
r 

to
 a

nd
 a

fte
r 

re
pe

at
ed

 t
ra

wl
in

g 
wi

th
 t

he
 1

2-
m
 t

ra
w

ls.
 T

he
 t

ot
al
 s

um
 o

f 
an

im
al

s 
(n

/h
a)
 c

au
gh

t 
an

d 
re

m
ov

ed
 b

y 
re

pe
at

ed
 tr

aw
lin

g 
is 

ex
pr

es
se

d 
as

 p
er

ce
nt

ag
e 

of
 th

e 
ini

tia
l d

en
sit

y 
(n

/h
a)
 e

st
im

at
ed

 w
ith

 th
e 

fin
e-

 
m

es
he

d 
tra

w
l. 

Th
e 

pe
rc

en
ta

ge
 a

ni
m

al
s 

lef
t 

on
 t

he
 t

ra
ns

ec
t 

af
te

r 
re

pe
at

ed
 t

ra
w

lin
g 

ai
so
 f

ol
lo

ws
 f

ro
m

 
es

tim
at

es
 w

ith
 t

he
 f

in
e-

m
es

he
d 

be
am

 t
ra

w
l 

im
m

ed
ia

te
ly
 a

fte
r 

th
e 

re
pe

at
ed

 t
ra

wl
in

g.
 T

he
 p

er
ce

nt
ag

e 
of
 a

 
sp

ec
ie

s 
re

m
ov

ed
 b

y 
re

pe
at

ed
 tr

aw
lin

g 
an

d 
th

e 
pe

rc
en

ta
ge

 le
ft 

sh
ou

ld
 to

ge
th

er
 a

dd
 u

p 
to

 a
bo

ut
 1

00
%

 o
f t

he
 

in
iti

al 
de

ns
ity

. T
hi

s 
is 

ra
ril

y 
th

e 
ca

se
 (

sta
rfi

sh
, T

ab
le
 1

4)
. 

Fo
r m

os
t s

pe
ci

es
 th

e 
pe

rc
en

ta
ge

 w
er

e 
m

uc
h 

lo
we

r 
or

 h
ig

he
r, 

in
di

ca
tin

g 
th

at
 m

an
y 

an
im

al
s 

m
ay

 h
av

e 
be

en
 w

as
he

d 
aw

ay
 o

r c
ru

sh
ed

 in
to

 s
m

al
l p

ie
ce

s 
(O

ph
iu

ra
, 

Ec
hi

no
ca

rd
iu

m
) w

hi
le 

ot
he

rs
 m

ay
 h

av
e 

em
ig

ra
te

d 
(s

ol
en

et
te

, s
ca

ld
fis

h)
 o

r i
m

m
ig

ra
te

d 
(d

ab
, p

la
ic

e,
 w

hi
tin

g)
.

In 
or

de
r 

to
 g

et
 e

vi
de

nc
e 

of
 a

ni
m

al
s 

im
m

ig
ra

tin
g 

in
to
 a

 r
ec

en
tly

 t
ra

w
le

d 
ar

ea
, 

th
e 

tra
w

le
d 

tra
ns

ec
t 

w
as

 
tra

w
le

d 
tw

ic
e 

ag
ai

n 
th

e 
ne

xt
 d

ay
, w

ith
 o

ne
 to

w
 in

 t
he

 m
or

ni
ng

 a
nd

 o
ne

 to
w
 in

 t
he

 e
ve

ni
ng
 (

Ta
bl

e1
4)

. T
he

 
nu

m
be

rs
 o

f d
ab

 o
n 

th
e 

tra
ns

ec
t 

ha
d 

in
cr

ea
se

d 
co

ns
id

er
ab

ly
 th

e 
ne

xt
 d

ay
, w

hi
le 

pl
ai

ce
 a

nd
 s

ta
rfi

sh
 h

ad
 a

iso
 

in
cr

ea
se

d 
ag

ai
n 

in 
nu

m
be

rs
.

Sa
m

pl
es

 o
f f

ish
 h

av
e 

be
en

 c
ol

le
ct

ed
 fo

r a
 fu

rth
er

 a
na

ly
sis

 o
f s

to
m

ac
h 

co
nt

en
ts

 in
 th

e 
la

bo
ra

to
ry

.

4-
m

 b
ea

m
 tr

aw
ls

Tr
aw

lin
g 

ov
er

 a
 tr

an
se

ct
 w

as
 c

ar
rie

d 
ou

t w
ith

 4
-m

 b
ea

m
 tr

aw
ls 

in 
th

e 
co

as
ta

l 
ar

ea
s 

by
 I

SI
S,
 i

n 
Ju

ne
 1

99
2 

(T
ab

le
 1

5)
 a

nd
 A

pr
il 

19
93

 (
Ta

bl
e 

16
). 

Th
e 

lo
ca

tio
n 

an
d 

sh
ap

e 
of

 th
e 

tra
ns

ec
t t

ra
w

le
d 

in 
19

93
 is

 il
lu

str
at

ed
 in

 
Fi

g. 
7.
 I

n 
bo

th
 y

ea
rs

 th
e 

tra
ns

ec
t w

as
 s

id
e-

sc
an

ne
d 

by
 R

.V
. M

IT
RA

 im
m

ed
ia

te
ly

 a
fte

r t
he

 r
ep

ea
te

d 
tra

wl
in

g,
 

w
hi

ch
 a

llo
w

ed
 fo

r a
 m

or
e 

pr
ec

is
e 

es
tim

at
e 

of
 th

e 
to

ta
l s

ur
fa

ce
 o

f t
he

 tr
aw

le
d 

ar
ea

. 
In 

Ju
ne

 1
99

2 
tw

elf
 h

au
ls 

w
er

e 
m

ad
e 

ov
er

 a
 tr

an
se

ct
 o

f 1
00

0 
m 

le
ng

th
 in

 th
e 

co
as

ta
l a

re
a 

no
rth

 o
f V

lie
lan

d,
 e

ac
h 

ha
ul

 c
on

sis
tin

g 
of

 tw
o 

to
w

s 
ov

er
 a

 p
lo

tte
d 

lin
e: 

al
te

rn
at

el
y 
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nd
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in

st
 th

e 
cu

rre
nt

. 
In 
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ril
 1

99
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ei
gh

t h
au

ls 
w

er
e 

m
ad

e 
ov

er
 a

 
tra

ns
ec

t o
f 

10
00
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 in

 th
e 

co
as

ta
l a

re
a 

w
es

t o
f 

N-
Ho

lla
nd

, e
ac

h 
ha

ul
 c

on
sis

tin
g 

of
 th

re
e 

to
w

s 
ov

er
 a

 p
lo

tte
d 

lin
e, 

sh
ift

in
g 

th
e 

po
sit

io
n 

of
 th

e 
sh

ip
 o

ve
r 4

 m
 p

ar
al

le
l t

o 
th

e 
lin

e 
in 

ea
ch

 to
w

, i
n 

or
de

r t
o 

co
ve

r a
iso

 th
e 

ar
ea

 
of

 8
 m

 b
et

w
ee

n 
th

e 
ne

ts
. W

ith
 s

uc
ce

ss
iv

e 
to

w
s 

th
e 

be
am

 tr
aw

ls 
w

er
e 

lif
ted

 fr
om

 th
e 

bo
tto

m
 a

t t
he

 e
nd

 o
f t

he
 

tra
ns

ec
t, 

in 
or

de
r t

o 
en

ab
le

 th
e 

sh
ip

 to
 tu

rn
 a

ro
un

d 
an

d 
m

ov
e 

in
to

 th
e 

pr
op

er
 p

os
iti

on
 f

or
 th

e 
ne

xt
 to

w
 b

ac
k 

ov
er

 th
e 

tra
ns

ec
t. 

Th
is 

m
ay

 h
av

e 
re

su
lte

d 
in 

so
m

e 
lo

ss
 o

f 
an

im
al

s 
th

at
 w

er
e 

w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s 

w
he

n 
th

e 
ne

ts
 w

er
e 

lif
ted

.
In 

19
93

 th
e 

tra
w

le
d 

tra
ns

ec
t w

as
 in

ve
sti

ga
te

d 
m

or
e 

ex
te

ns
iv

el
y:

a. 
pr

io
r t

o 
an

d 
im

m
ed

ia
te

ly
 a

fte
r r

ep
ea

te
d 

tra
wl

in
g 

th
e 

tra
ns

ec
t w

as
 s

am
pl

ed
 w

ith
 a

 3
-m

 f
in

e-
m

es
he

d 
be

am
 

tra
w

l a
nd

 w
ith

 a
 d

ee
p-

di
gg

in
g 

be
nt

os
 d

re
dg

e 
(D

DD
, s

ee
 B

er
gm

an
 &

 v
an

 S
an

tb
rin

k,
 th

is 
re

po
rt)

.
b. 

th
e 

tra
ns

ec
t 

w
as
 t

ra
w

le
d 

tw
ice

 a
ga

in
 t

he
 n

ex
t 

da
y 

wi
th
 o

ne
 t

ow
 i

n 
th

e 
m

or
ni

ng
 a

nd
 o

ne
 t

ow
 i

n 
th

e 
ev

en
in

g,
 i

n 
or

de
r 

to
 g

et
 e

vi
de

nc
e 

of
 a

ni
m

al
s 

im
m

ig
ra

tin
g 

in
to
 a
 r

ec
en

tly
 t

ra
w

le
d 

ar
ea

. 
A 

re
fe

re
nc

e 
tra

ns
ec

t w
as

 tr
aw

le
d 

sim
ila

rly
 o

nl
y 

th
re

e 
tim

es
, 

in 
or

de
r t

o 
co

lle
ct
 im

m
ig

ra
tin

g 
fis

h 
fo

r s
to

m
ac

h 
an

al
ys

es
 

(r
ef

er
en

ce
 tr

an
se

ct
 in

 F
ig

. 7
).

N
um

be
rs
 o

f f
ish

 a
nd

 in
ve

rte
br

at
es

 in
 s

uc
ce

ss
iv

e 
ha

ul
s 

w
er

e 
es

tim
at

ed
 p

er
 h

a 
(1

00
00

 m
2) 

tra
w

le
d 

ar
ea

. 
Fo

r 
ea

ch
 s

pe
ci

es
 t

he
 s

um
 o

f 
th

e 
nu

m
be

rs
 i

n 
ali
 h

au
ls 

w
as
 d

iv
id

ed
 b

y 
th

e 
to

ta
l 

su
rf

ac
e 

(h
a)
 o

f 
th

e 
tra

w
le

d 
tra

ns
ec

t, 
to
 e

st
im

at
e 

th
e 

to
ta

l 
nu

m
be

rs
 c

au
gh

t 
pe

r 
ha

 a
nd

 r
em

ov
ed

 b
y 

th
e 

re
pe

at
ed

 tr
aw

lin
g 

(s
um

, 
n/

ha
). 

Th
e 

ch
an

ge
 in

 n
um

be
rs

 o
f a

ni
m

al
s 

in 
su

cc
es

si
ve

 h
au

ls 
(N

, n
um

be
rs

 p
er

 h
a 

tra
w

le
d)

 w
as

 e
st

im
at

ed
 b

y 
a 

pl
ot

 
of
 In

 N
 a

ga
in

st
 th

e 
ha

ul
 n

um
be

r t
. P

ar
am

at
er

s 
of

 th
e 

eq
ua

tio
n 

an
d 

th
e 

co
rre

la
tio

n 
co

ef
fic

ie
nt

 r2
 fo

r t
he

 li
ne

ar
 

re
gr

es
si

on
 o

f I
n 

N 
ag

ai
ns

t t
 a

re
 p

re
se

nt
ed

 in
 th

e 
Ta

bl
e 

17
, t

og
et

he
r w

ith
 th

e 
pe

rc
en

ta
ge

 d
ec

re
as

e 
in 

nu
m

be
rs

 
of

 a
ni

m
al

s 
in 

su
cc

es
si

ve
 c

at
ch

es
. T

he
 c

at
ch

 e
ffi

ci
en

cy
 o

f t
he

 4
-m

 b
ea

m
 tr

aw
ls 

w
as

 e
st

im
at

ed
 in

 tw
o 

w
ay

s:
1. 

ca
tc

h 
in 

th
e 

fir
st 

ha
ul

 (n
/h

a)
 a

s 
pe

rc
en

ta
ge

 o
f t

he
 to

ta
l s

um
 p

er
 h

a.
2. 

th
e 

to
ta

l c
at

ch
 b

y 
re

pe
at

ed
 tr

aw
lin

g 
(s

um
, 

n/
ha

) 
as

 p
er

ce
nt

ag
e 

of
 th

e 
ini

tia
l 

nu
m

be
rs
 o

f 
an

im
al

s 
on

 th
e 

tra
ns

ec
t, 

es
tim

at
ed

 w
ith

 fi
ne

-m
es

he
d 

ne
ts

 p
rio

r t
o 

th
e 

re
pe

at
ed

 tr
aw

lin
g 

(in
iti

al 
n/

ha
).

Th
e 

pe
rc

en
ta

ge
 o

f 
an

im
al

s 
lef

t 
on

 t
he
 r

ep
ea

te
dl

y 
tra

w
le

d 
tra

ns
ec

t 
w

as
 e

st
im

at
ed

 b
y 

sa
m

pl
in

g 
wi

th
 f

in
e-

 
m

es
he

d 
tra

w
ls 

im
m

ed
ia

te
ly

 a
fte

r t
he

 r
ep

ea
te

d 
tra

w
lin

g 
ha

d 
fin

ish
ed

.
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0



Fo
r b

ot
h 

12
-m

 a
nd

 4
-m

 b
ea

m
 tr

aw
ls 

th
e 

re
pe

at
ed

 tr
aw

lin
g 

ov
er

 a
 tr

an
se

ct
 r

es
ul

te
d 

in 
th

e 
ex

pe
ct

ed
 d

ec
re

as
e 

in 
vo

lu
m

e 
of

 th
e 

ca
tc

he
s, 

wi
th

 d
iff

er
en

t s
pe

ci
es

 sh
ow

in
g 

nu
m

be
rs

 d
ec

re
as

in
g 

by
 a

bo
ut

 3
4-

53
%

 in
 s

uc
ce

ss
iv

e 
ha

ul
s. 

In
te

rp
re

ta
tio

n 
of
 r

ep
ea

te
d 

sin
gl

e 
ha

ul
s 

ov
er

 a
 tr

an
se

ct
 is

 d
iff

icu
lt 

be
ca

us
e 

of
 th

e 
ef

fe
ct
 o

f t
id

e 
an

d 
th

e 
va

ria
bl

e 
co

ve
ra

ge
 o

f 
th

e 
ar

ea
 b

et
w

ee
n 

th
e 

ne
ts
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W

he
n 

ea
ch
 h

au
l 

w
as
 m
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e 

af
te

r 
tw

o 
to

w
s 

in 
op

po
sit

e 
di

re
ct

io
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, c
ov

er
in

g 
ai

so
 th

e 
ar

ea
 b

et
w

ee
n 

th
e 

ne
ts,

 th
e 

re
su

lts
 b

ec
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e 
le

ss
 v

ar
ia

bl
e 

an
d 

5-
6 

re
pe

at
ed

 h
au

ls 
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pe
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ed
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 b
e 

su
ffi

ci
en

t t
o 

de
m

on
st

ra
te

 th
e 

ef
fe

ct
 o

n 
ca
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h 
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m

po
sit

io
n.

 I
nc

re
as

in
g 

th
e 

nu
m

be
r o

f t
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es
 th

e 
ar

ea
 w

as
 tr

aw
le

d 
to

 1
2,
 a

s 
in 

Ju
ne

 1
99

2 
wi

th
 I

SI
S,
 d

id
 n

ot
 n

ot
 a

dd
 m

uc
h 

m
or

e 
in
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rm

at
io

n:
 7

-8
 h

au
ls 

wo
ul

d 
ha

ve
 b

ee
n 

su
ffi

ci
en

t i
n 

th
at

 s
ur

ve
y.
 T

ra
wl

in
g 

th
re

e 
tim

es
 o

ve
r a

 tr
an

se
ct

 fo
r e

ac
h 

ha
ul

, i
n 

th
e 

ho
pe
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 c

ov
er

 
10

0%
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f 
th

e 
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 o

f t
he

 t
ra

ns
ec

t, 
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d 
no

t 
le

ad
 t

o 
be

tte
r 

da
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: 
th
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e 

to
w

s 
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ve
re

d 
on

ly
 a

bo
ut
 7

4%
 o

f 
th

e 
tra

ns
ec

t.
C

at
ch

 e
ffi

ci
en

cy
 (o

f "
ca

tc
ha

bl
e"

 a
ni

m
al

s)
 e

st
im

at
ed

 fr
om

 th
e 

fir
st 

ha
ul

 a
s 

%
 o

f t
he

 s
um

 o
f t

ot
al

 c
at

ch
 o

n 
th

e 
tra

ns
ec

t, 
w

as
 fo

r m
os

t s
pe

ci
es

 c
lo

se
 to

 th
e 

ex
pe

ct
ed

 p
er

ce
nt

ag
e 

of
 th

e 
to

ta
l s

ur
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ce
 o

f t
he

 tr
an

se
ct

 c
ov

er
ed

 
by
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ne

 h
au

l. 
Fo

r s
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e 
sp

ec
ie

s t
he

 p
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ce
nt
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es

 c
au

gh
t i

n 
th

e 
fir

st 
ha

ul
 w

er
e 
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, p

ar
tic

ul
ar

ly
 s

pe
ci

es
 th

at
 li

ve
 

in 
th

e 
bo

tto
m

 s
uc

h 
as

 m
ol

lu
sc

s 
(A

rc
tic

a, 
A

ca
nt

ho
ca

rd
ia

, M
ac

tra
) o

r t
he

 s
ea

 u
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hi
n 

Ec
hi

no
ca

rd
iu

m
, i
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tin
g 

th
at
 a

ni
m

al
s 

liv
ing

 i
n 

th
e 

bo
tto

m
 a

re
 n

ot
 d

ire
ct

ly
 d

ug
 o

ut
 b

y 
th

e 
ne

ts.
 T

he
 %

 c
at
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 e

ffi
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en
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f 
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m

e 
fis

h 
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ec
ie

s, 
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s 
da
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 w
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tin

g 
an

d 
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d,
 w
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 a
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 s
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 l
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, w
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 m

ay
 h

av
e 

be
en
 d

ue
 t

o 
th

e 
im

m
ig

ra
tio

n 
of
 t

he
 f

ish
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So
m

e 
sp

ec
ie

s 
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ed
 

re
la

tiv
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 h

ig
h 

pr
op
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tio

ns
 

in 
th

e 
fir

st 
ha

ul
 

(A
ste
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, 

A
str

op
ec

te
n,
 O

ph
iu
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, p
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ic

e)
, p

os
sib
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 b

ec
au

se
 th

ey
 w

er
e 

pi
ck

ed
 u

p 
ea

sil
y 

by
 th

e 
tra

w
l a

nd
 d

id
 n

ot
 e

sc
ap

e.
H

au
ls 

m
ad

e 
on

 t
he

 s
am

e 
tra

ns
ec

t 
th

e 
ne

xt
 d

ay
 (

Ta
bl

es
 1

4 
an

d 
16

) 
de

m
on

st
ra

te
d 

th
at
 s

om
e 

sp
ec

ie
s 

ra
pi

dl
y 

re
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ed
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to

 th
e 

tra
w

le
d 

ar
ea

s.
 T

hi
s 

w
as

 p
ar

tic
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rly
 e

vi
de

nt
 fo

r d
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, 
bu

t a
iso

 f
or

 th
e 

ot
he

r f
la

tfi
sh

es
, 

w
hi

tin
g,
 s

ta
rfi

sh
 a

nd
 c

ra
bs

: b
y 

th
e 

en
d 

of
 th

e 
ne

xt
 d

ay
 th

e 
nu

m
be

rs
 o

f m
an

y 
sp

ec
ie

s 
ha

d 
in

cr
ea

se
d 

ag
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n 
to

 
ab

ou
t 

50
%
 o

f 
th

e 
ini

tia
l 

nu
m

be
rs
 a

t 
th

e 
st

ar
t 

of
 r

ep
ea

te
d 

tra
wl

in
g.
 S

to
m

ac
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 o

f 
da

bs
, 

pl
ai

ce
 a

nd
 w

hi
tin

g 
ex

am
in

ed
 o

n 
bo

ar
d 

ap
pe

ar
ed

 to
 b

e 
fu

ll 
of

 p
ie

ce
s 

of
 s

he
llf

ish
 (

Ar
cti

ca
, A

ca
nt

ho
ca

rd
ia

, D
on

ax
 o

r S
pi

su
la

). 
Th

e 
fis

h 
w

er
e 

pr
ob

ab
ly

 a
ttr

ac
te

d 
by

 th
e 

sm
el

l o
f f

oo
d 

an
d 

fe
d 

on
 d

am
ag

ed
 b

en
th

os
, p

ar
tic

ul
ar

ly
 m

ol
lu

sc
s. 

Sm
al

le
r 

fis
h 

po
ss

ib
ly
 a

iso
 f

ed
 o

n 
in

te
sti

ne
s 

or
 g

on
ad

s 
fro

m
 c

ru
sh

ed
 s

ea
 u

rc
hi

ns
 (

Ec
hi

no
ca

rd
iu

m
). 

In 
m

os
t c

as
es

 it
 

w
as
 n

ot
 p

os
sib

le
 to

 e
sti

m
at

e 
th

e 
am

ou
nt

 o
f 

Ec
hi

no
ca

rd
iu

m
 c

au
gh

t b
y 

th
e 

tra
w

ls,
 b

ec
au

se
 th

e 
se

a 
ur

ch
in

s 
w

er
e 

ali
 c

ru
sh

ed
 t

o 
pi

ec
es
 t

ha
t 

pa
ss

ed
 t

hr
ou

gh
 t

he
 m

es
he

s. 
In 

th
e 

fe
w
 c

as
es

 t
ha

t 
th

ey
 w

er
e 

sti
ll 

in
ta

ct
, 

ho
w

ev
er

, 
th

ey
 o

cc
ur

re
d 

in 
la

rg
e 

nu
m

be
rs
 (

Ta
bl

e 
12

). 
Ev

en
 t

ho
ug

h 
th

is 
an

im
al
 c

on
ta

in
s 

ve
ry
 l

itt
le 

or
ga

ni
c 

m
at

te
r, 

it 
ca

n 
sti

ll 
be

 a
n 

im
po

rta
nt

 fo
od

 s
ou

rc
e 

be
ca

us
e 

its
 a

bu
nd

an
ce

.
Du

rin
g 

th
e 

tra
w

lin
g 

su
rv

ey
 w

ith
 4

-m
 b

ea
m

 tr
aw

ls 
in 

th
e 

co
as

ta
l a

re
a 

of
f N

or
th
 H

ol
lan

d 
in 

Ap
ril
 1

99
3 

(T
ab

le
 

16
), 

la
rg

e 
nu

m
be

rs
 o

f 
de

ad
 o

r 
dy

in
g 

ra
zo

r 
cl

am
s 

(E
ns

is 
di

re
ct

us
) 

w
er

e 
ca

ug
ht
 in

 t
he

 n
et

s. 
Th

is 
sh

el
lfi

sh
 

no
rm

al
ly
 li

ve
s 

de
ep

 in
to

 th
e 

bo
tto

m
 a

nd
 c

an
no

t 
be

 c
au

gh
t b

y 
a 

be
am

 tr
aw

l. 
En

si
s 

sp
ec

ie
s 

ha
ve

 a
 r

ela
tiv

ely
 

sh
or

t l
ife

-s
pa

n 
an

d 
m

as
s 

m
or

ta
lit

ie
s 

ar
e 

of
te

n 
ob

se
rv

ed
 in

 W
in

te
r o

r S
pr

in
g.
 I

t a
pp

ea
re

d 
th

at
 m

os
t f

ish
 w

er
e 

fe
ed

in
g 

on
 th

e 
dy

in
g 

ra
zo

r c
la

m
s, 

a 
sc

av
en

gi
ng

 b
eh

av
io

ur
 n

ot
 re

la
te

d 
to

 tr
aw

lin
g.

Co
m

pa
ris

on
 o

f t
he

 to
ta

l n
um

be
rs

 o
f a

ni
m

al
s 

ca
ug

ht
 p

er
 h

a 
by

 re
pe

at
ed

 tr
aw

lin
g,

 w
ith

 th
e 

ini
tia

l n
um

be
rs

 o
f 

an
im

al
s 

pr
es

en
t 

pr
io

r 
to
 t

he
 t

ra
w

lin
g 

(T
ab

le
s 

14
, 

16
 &
 1

7)
 s

ho
w

ed
 t

ha
t 

th
e 

tra
w

ls 
ca

ug
ht
 o

nl
y 

a 
m

in
or

 
pr

op
or

tio
n 

of
 t

he
 b

en
th

ic
 f

au
na

. 
Ev

en
 a

fte
r 

5-
8 

tim
es

 tr
aw

lin
g 

on
ly
 l

ar
ge

r 
an

im
al

s 
su

ch
 a

s 
sta

rfi
sh

, 
la

rg
er

 
cr

ab
s, 

se
a 

m
ou

se
 a

nd
 th

e 
la

rg
er

 fi
sh

 w
er

e 
ca

ug
ht
 in

 a
pp

re
ci

ab
le
 n

um
be

rs
 (

25
-7

5%
). 

Th
ou

sa
nd

s 
of
 s

m
all

 
in

ve
rte

br
at

es
 a

nd
 f

ish
 a

pp
ar

en
tly

 p
as

se
d 

th
ro

ug
h 

th
e 

m
es

he
s 

or
 r

em
ai

ne
d 

un
di

stu
rb

ed
 b

ec
au

se
 th

ey
 li

ve
d 

de
ep

er
 in

 th
e 

bo
tto

m
. T

he
 n

um
be

rs
 o

f d
yi

ng
 r

az
or

 c
la

m
s 

w
er

e 
le
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Repeated trawling of a transect with 12-m beam trawls at 45 m depth on the Oystergrounds on 2 April 1992 (TRIDENS). Position of the transect :
from 54a 30,75 N - 04o 41,75 E to 1000 m east. Trawling speed 6-7 nm/h, alternately with and against the current. The total surface of the____
trawled transect was estimated at approximately 7.2 ha. Numbers of animals (N) per haul of 2.4 ha (30 % of the transect), n.s. = not significant.
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|Same data and position as in Table 12. Hauls combined : each haul was 4.8 ha, about 67 % of the total surface of the transect. (n.s.= not significant)

Change [

of N
% per haul |

-44e
o

p •^r
CO

-40

n.s.

ui C.
CM IO

eo +

n.s.

eo ■Ö C 13 o O) 0 "w> >« O CN O o a <

Correlation of In N with haul number 1.1

In N = In No + B * t

eo

-0.575
-0.661
-0.636

! -0.555
-0.503

O o'
o o o

I -0.726

1 +0.168
I +0.070

No

1531■
^r eo eo

<5
5 CN

s
§

CN CN

162

eo eo
eo

Number
of hauls

eo
•^r

•O-

eo LU Q QC

Corr.
coeff.r2

■^r eo eo Ö

9E60

0.936

0.7666980

0.155
0.001

o CN eo Ö

0.950
0.043

C o a Ui > o c eo Q_ CD

Catch efficiency
Haul 1 ae </» o

of sum

»
■"a- eo

102

§
«

eo eo
O eo

901

eo CN
s

io ip
rp io

S

Table 13 I

£ ö) c o E o o o o

Sum3 o sz o

1-4
N per ha

(1-8)

o eo
rp O

CN CN CM
eo

8:

60

-

342o
CM

eo + rp
eo CN

S
ip

IO CN
■^r

O CO
O

CN

155IO

0.4o

0.4

o 0 eo C o Ö 0 > 0 eo £ a 1 0 0 JÛ E CN 1 Ö) c ? o *0 0 o 0 Q 0 CC

eo

5+6 I

303
157c*-

rp
o

00 CN
io CN

IO

147

I 0.6CN
o

CN

3+4 I

674o eo
rp

3
eo

s
O CN

eo CM
io

CM

0.4i
o
-

-
CN +

667
502C

N IO
rp o

rp
eo eo

eo
IP

o o
IO

io
eo

CN

1 Haul number (t) :

1 Original hauls (Table 12) :
[Numbers of animals per ha (N)|
|Sea urchin - Echinocardium
|Starfish - Astropecten 1

[Brittle star - Ophiura

1 Masked crab - Corystes
1 Swimming crabs - Liocarcinus
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Repeated Irawllng ot a transect of 1 mile on the Qystergrounds with T2-m beam trawls on 1&-16 September 1993, Position : 54, 32,05 N / 5. Q5.30E - 54, 32,87 N / 5. 06,83 E._____
Each haul was twice along the transect, covering about 2 * 1800 * 24 m = 8.6 ha = 66% of the total surface of the transect (13 ha). Numbers of animals per hectare (10000 m2). 
After ten-fold trawling (hauls 1 to 5) on 15 Sept, the line was trawled twice again the next day (16-9), once In the morning and once In the evening. Prior to the repeated trawling 
and Immediately after ten-fold trawling on 15-9, the line was sampled by two short hauls (IO minutes, 1200 m) with a flne-meshed 3-m beam trawl. (N = density per ha). 1
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w
er

e 
ca

re
fu

lly
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co
lle

ct
ed
 i

n 
tu

bs
 w

ith
 s

ea
 w

at
er
 a

nd
 t

he
re

fo
re
 g

iv
e 

an
 i

m
pr

es
sio

n 
of
 d

am
ag

e 
by

 t
he

 t
ic

kl
er

 c
ha

in
s. 

Th
is 

da
m

ag
e 

w
as

 a
t l

ea
st

 7
5%

, b
ut

 lo
w

er
 fo

r c
at

ch
es

 fr
om

 so
ft 

(m
ud

dy
) b

ot
to

m
 (4

5%
, T

ab
le
 1

).
Sm

al
le

r 
sh

el
lfi

sh
 

(m
ai

nl
y 

A
ca

nt
ho

ca
rd

ia
 

ec
hi

na
ta

, 
Sp

isu
la
 

ell
ip

tic
a 

& 
su

bt
ru

nc
at

a,
 

D
on

ax
 

vi
tta

tu
s, 

C
ha

m
ae

lia
 s

tri
at

a 
an

d 
D

os
in

ia
 lu

pi
nu

s) 
su

ffe
re

d 
le

ss
 d

am
ag

e,
 a

pp
ro

xi
m

at
el

y 
30

-5
0%

. 
In

ta
ct 

sh
ell

fis
h 

sto
re

d 
in 

th
e 

su
rv

iv
al

 ta
nk

s 
us

ua
lly

 sh
ow

ed
 li

ttl
e 

m
or

tal
ity

.
M

or
tal

ity
 o

f 
cr

ab
s 

in 
ca

tc
he

s 
af

te
r 

sh
or

t t
ow

s 
w

as
 l

ow
er

 th
an

 i
n 

co
m

m
er

ci
al
 c

at
ch

es
, 

in
di

ca
tin

g 
th

at
 th

e 
m

or
tal

ity
 w

as
 d

ue
 to

 b
ot

h 
th

e 
da

m
ag

in
g 

ef
fe

ct
 o

f t
he

 ti
ck

le
r c

ha
in

s 
as

 w
ell

 a
s 

th
e 

ef
fe

ct
 o

f b
ei

ng
 p

re
ss

ed
 in

 
th

e 
bu

lk
 o

f t
he

 c
at

ch
. 

Se
co

nd
ar

y 
m

or
tal

ity
 o

f c
ra

bs
 th

at
 w

er
e 

co
lle

ct
ed

 a
liv

e 
fro

m
 th

e 
so

rti
ng

 b
el

t w
as
 l

ow
 

(a
bo

ut
 1

5-
25

%
). 

Ed
ib

le 
cr

ab
 (

C
an

ce
r 

pa
gu

ru
s)
 s

om
et

im
es
 s

ho
w

ed
 a
 h

ig
h 

pr
op

or
tio

n 
of
 "

de
ca

ra
pi

ta
te

d"
 

an
im

al
s 

(8
4%

, T
ab

le
 1

): 
th

e 
up

pe
r 

ha
lf 

of
 th

e 
ca

ra
pa

ce
 w

as
 c

ho
pp

ed
 o

ff 
by

 th
e 

tic
kl

er
 c

ha
in

s 
as

 th
e 

cr
ab

s 
w

er
e 

bu
rie

d 
in 

th
e 

sa
nd

 b
ot

to
m

. E
di

bl
e 

cr
ab

s 
ar

e 
ac

tiv
e 

du
rin

g 
th

e 
ni

gh
t a

nd
 th

an
 s

uf
fe

r 
le

ss
 fr

om
 th

e 
ef

fe
ct 

of
 tr

aw
lin

g.
 T

he
 m

as
ke

d 
cr

ab
 C

or
ys

te
s 

ca
ss

iv
el

au
nu

s 
ai

so
 b

ur
ie

s 
in 

th
e 

bo
tto

m
 a

nd
 th

er
ef

or
e 

su
ffe

rs
 m

or
e 

fro
m

 th
e 

sc
ra

pi
ng

 e
ffe

ct
 o

f t
he

 ti
ck

le
r c

ha
in

s, 
le

ad
in

g 
to

 a
 to

ta
l m

or
tal

ity
 o

f a
bo

ut
 6

6%
 in

 th
e 

12
-m

 b
ea

m
 tr

aw
l 

ca
tc

he
s 

(T
ab

le
 5

).
Th

e 
to

ta
l m

or
ta

lit
y 

of
 u

nd
er

si
ze

d 
fla

tfi
sh
 in

 t
he

 d
is

ca
rd

s 
w

as
 v

er
y 

hi
gh

, 
ap

pr
ox

im
at

el
y 

90
-1

00
%

 f
or
 m

os
t 

sp
ec

ie
s 

(T
ab

le
 5

). 
D

ab
 (

Li
m

an
da

 a
m

an
da

) 
ap

pe
ar

s 
to
 b

e 
m

or
e 

vu
ln

er
ab

le
 t

ha
n 

th
e 

ot
he

r 
sp

ec
ie

s. 
So

le
 

(S
ol

ea
 s

ol
ea

), 
flo

un
de

r (
Pl

at
ic

ht
hy

s 
fle

su
s)
 a

nd
 tu

rb
ot
 (

Sc
op

ht
ha

lm
us

 m
ax

im
us

) 
ap

pe
ar

ed
 to

 b
e 

m
or

e 
ha

rd
y 

sp
ec

ie
s, 

sh
ow

in
g 

a 
m

or
tal

ity
 o

f a
bo

ut
 8

5%
 in

 th
e 

4-
m

 b
ea

m
 tr

aw
l c

at
ch

es
.

W
he

n 
on

ly
 th

e 
m

os
t a

bu
nd

an
t a

nd
 c

om
m

on
 a

ni
m

al
s 

in 
th

e 
ca

tc
he

s 
ar

e 
co

ns
id

er
ed

, t
he

 m
or

tal
ity

 o
f d

is
ca

rd
s 

ca
n 

be
 s

um
m

ar
iz

ed
 a

s 
fo

llo
w

s 
:

Di
re

ct 
m

or
i. 

Se
co

nd
ar

y 
To

tal
 m

or
i.

Tr
aw

l t
yp

e: 
12

M
4M

12
M

4M
12

M
4M

St
arf

ish
:

(A
ste

ria
s, 

As
tro

pe
cte

n,O
ph

iur
a)

4%
0%

12
%

7%
15

%
7%

Cr
ab

s: (C
or

ys
tes

, L
ioc

arc
inu

s, 
Ca

nc
er)

43
%

26
%

30
%

22
%

60
%

42
%

Sm
all

 sh
ell

fis
h:

(A
ca

nth
oc

ard
ia,

 S
pis

ula
, V

en
us

)
48

%
33

%
4%

1-7
%

50
%

38
%

Fl
atf

ish
:

(S
ole

, p
lai

ce
, d

ab
, t

urb
ot)

45
%

75
%

96
%

70
%

98
%

93
%

3.2
. D

AM
AG

E 
OF

 A
NI

M
AL

S 
ES

CA
PI

NG
 T

HR
OU

GH
 T

HE
 M

ES
HE

S

It 
ap

pe
ar

ed
 to

 b
e 

ve
ry

 d
iff

icu
lt 

to
 e

sti
m

at
e 

th
e 

su
rv

iv
al
 c

ha
nc

es
 o

f 
sm

al
l f

ish
 t

ha
t 

pa
ss
 t

hr
ou

gh
 t

he
 8

 c
m

 
m

es
he

s 
of

 c
om

m
er

ci
al

 s
ol

e 
ne

ts.
 In

 o
rd

er
 to

 c
ol

le
ct

 th
es

e 
fis

h 
th

e 
co

de
nd

 o
f t

he
 la

rg
e 

ne
t w

as
 c

ov
er

ed
 w

ith
 a

 
fin

e-
m

es
he

d 
co

ve
rin

g 
ne

t. 
H

ow
ev

er
, t

hi
s 

in
ev

ita
bl

y 
m

ea
ns

 th
at

 th
e 

fis
h 

w
er

e 
sti

ll 
ca

ug
ht

 in
 a

 n
et

. 
In 

ge
ne

ra
l, 

fis
h 

in 
th

e 
co

de
nd

 s
uf

fe
re

d 
m

os
t f

ro
m

 sk
in

 d
am

ag
e 

du
e 

to
 "

sh
ar

p"
 e

ve
rte

br
at

es
 in

 th
e 

ca
tc

h,
 s

uc
h 

as
 S

ta
rfi

sh
 

(A
ste

ria
s 

& 
A

str
op

ec
te

n)
 o

r S
ea

 u
rc

hi
ns

 (
Ec

hi
no

ca
rd

iu
m

). 
In 

ar
ea

s 
w

he
re

 s
uc

h 
ec

hi
no

de
rm

a 
w

er
e 

ab
un

da
nt

 
th

ey
 d

om
in

at
ed

 in
 th

e 
ca

tc
he

s.
 M

an
y 

sm
al

l s
ta

rfi
sh

 a
nd

 s
ea

 u
rc

hi
ns

 p
as

se
d 

th
ro

ug
h 

th
e 

8 
cm

 m
es

he
s 

of
 th

e 
so

le
 n

et
 a

nd
 a

cc
um

ul
at

ed
 in

 th
e 

co
ve

rin
g 

ne
t, 

ev
en

 in
 s

ho
rt 

to
w

s. 
In 

su
ch

 a
re

as
 s

m
al

l f
ish

 in
 th

e 
co

ve
rin

g 
ne

t 
w

er
e 

of
te

n 
em

be
dd

ed
 in

 a
 m

as
s 

of
 e

ch
in

od
er

m
s, 

wh
ich

 r
es

ul
te

d 
in 

ve
ry

 h
ig

h 
m

or
ta

lit
ie

s. 
It 

w
as

 o
bv

io
us

 th
at

 
th

is 
w

as
 m

ai
nl

y 
du

e 
to

 c
ro

w
de

d 
co

nd
iti

on
s 

in 
th

e 
fin

e-
m

es
he

d 
co

ve
rin

g 
ne

t, 
an

d 
no

t 
re

pr
es

en
ta

tiv
e 

fo
r f

ish
 

es
ca

pi
ng

 th
ro

ug
h 

th
e 

m
es

he
s 

of
 th

e 
co

m
m

er
ci

al
 n

et
s 

du
rin

g 
tra

w
lin

g.
In 

or
de

r 
to
 m

in
im

iz
e 

th
e 

ef
fe

ct
 o

f 
by

-c
at

ch
, 

ar
ea

s 
w

er
e 

so
ug

ht
 w

ith
 l

ow
 d

en
sit

ie
s 

of
 s

ta
rfi

sh
 a

nd
 s

ea
 

ur
ch

in
s. 

Th
is 

ap
pe

ar
ed

 to
 b

e 
di

ffi
cu

lt 
be

ca
us

e 
th

es
e 

an
im

al
s 

ar
e 

ab
un

da
nt

 e
ve

ry
w

he
re

 in
 th

e 
so

ut
he

rn
 N

or
th

 
Se

a.
 T

ow
s 

wi
th
 t

he
 c

ov
er

in
g 

ne
t w

er
e 

ai
so

 k
ep

t 
as

 s
ho

rt 
as
 p

os
sib

le
, 

to
w

s 
of
 m

or
e 

th
an

 5
 m

in
ut

es
 o

fte
n 

al
re

ad
y 

co
nt

ai
ne

d 
so

 m
uc

h 
by

-c
at

ch
 a

s 
to
 r

en
de

r t
he

m
 u

ns
ui

ta
bl

e 
fo

r s
ur

vi
va

l e
xp

er
im

en
ts.

 T
he

 p
er

ce
nt

ag
e 

m
or

tal
ity

 e
st

im
at

ed
 in

 s
ho

rt 
ha

ul
s, 

as
 p

re
se

nt
ed

 in
 T

ab
le
 2

 a
nd

 3
, 

re
pr

es
en

ts
 a

 m
ax

im
um

 v
al

ue
, t

he
 a

ct
ua

l 
m

or
ta

lit
y 

of
 s

m
al

l f
ish

 t
ha

t 
es

ca
pe

 t
hr

ou
gh

 t
he
 m

es
he

s 
is 

pr
ob

ab
ly
 l

ow
er

. 
So

m
e 

ve
ry
 v

ul
ne

ra
bl

e 
sp

ec
ie

s,
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su
ch
 a

s 
So

le
ne

tte
 (

Bu
gl

os
sid

iu
m

), 
Sc

al
df

ish
 

(A
rn

og
lo

ss
us

), 
gu

rn
ar

ds
 

(T
rig

la)
 a

nd
 w

hi
tin

g 
(M

er
la

ng
iu

s)
 

al
w

ay
s 

sh
ow

ed
 a

 v
er

y 
hi

gh
 m

or
tal

ity
, e

ve
n 

wi
th
 v

er
y 

sh
or

t t
ow

s 
in 

ar
ea

s 
wi

th
 l

es
s 

sta
rfi

sh
. S

ur
vi

va
l c

ha
nc

es
 

of
 t

he
se

 f
ish

 c
an

 n
ot
 b

e 
es

tim
at

ed
 w

ith
 a

 f
in

e-
m

es
he

d 
co

ve
rin

g 
ne

t. 
D

ab
 a

pp
ea

re
d 

to
 b

e 
m

or
e 

vu
ln

er
ab

le
 

th
an

 S
ol

e 
or
 P

la
ic

e,
 s

uf
fe

rin
g 

m
or

e 
fro

m
 t

he
 d

am
ag

in
g 

ef
fe

ct
 o

f 
ec

hi
no

de
rm

 b
y-

ca
tc

h,
 e

ve
n 

in 
ve

ry
 s

ho
rt 

to
w

s 
(T

ab
le

s 
1-

3)
. T

he
 a

ct
ua

l s
ur

vi
va

l o
f s

m
al

l d
ab

 p
as

si
ng

 th
ro

ug
h 

th
e 

8 
cm

 m
es

he
s 

is 
pr

ob
ab

ly
 lo

we
r, 

as
 

sh
ow

n 
by

 th
e 

va
lu

e 
of

 1
2%

 (1
99

2,
 T

ab
le

 2
) o

bs
er

ve
d 

in 
a 

ca
tc

h 
th

at
 c

on
ta

in
ed

 fe
w

 st
ar

fis
h.

3.3
. S

UR
VI

VA
L 

TA
NK

S

Ex
pe

rim
en

ts 
wi

th
 s

ur
vi

va
l t

an
ks

 o
n 

bo
ar

d 
of

 th
e 

tra
w

le
rs
 w

er
e 

in 
ge

ne
ra

l s
uc

ce
ss

fu
l f

or
 m

os
t 

of
 th

e 
la

rg
er

 
fla

tfi
sh
 a

nd
 i

nv
er

te
br

at
es

. 
M

or
tal

ity
 w

as
 u

su
al

ly
 h

ig
h 

in 
th

e 
fir

st 
da

y 
an

d 
de

cr
ea

se
d 

du
rin

g 
th

e 
se

co
nd

 a
nd

 
th

ird
 d

ay
. H

ow
ev

er
, f

or
 s

om
e 

sp
ec

ie
s 

th
e 

m
or

tal
ity

 in
cr

ea
se

d 
in 

th
e 

co
ur

se
 o

f t
hr

ee
 d

ay
s, 

in
di

ca
tin

g 
th

at
 th

e 
su

rv
iv

al
 ta

nk
 s

ys
te

m
 w

as
 n

ot
 o

pt
im

al
 fo

r k
ee

pi
ng

 th
es

e 
an

im
al

s 
in 

go
od

 c
on

di
tio

n.
Te

m
pe

ra
tu

re
 a

ffe
ct

ed
 t

he
 m

or
tal

ity
 o

f f
ish

 i
n 

th
e 

su
rv

iv
al
 ta

nk
s, 

eg
. 

pe
rc

en
ta

ge
 m

or
tal

ity
 w

as
 i

n 
ge

ne
ra

l 
hi

gh
er

 a
t 

hi
gh

er
 te

m
pe

ra
tu

re
s. 

Th
is 

m
ay

 h
av

e 
be

en
 a

 "
ta

nk
 e

ffe
ct

"; 
th

e 
ef

fe
ct
 o

f c
ro

w
de

d 
co

nd
iti

on
s 

in 
th

e 
su

rv
iv

al
 ta

nk
s 

w
ou

ld
 b

e 
m

or
e 

pr
on

ou
nc

ed
 a

t h
ig

he
r t

em
pe

ra
tu

re
s.

So
m

e 
pr

ob
le

m
s 

th
at

 m
ay

 h
av

e 
af

fe
ct

ed
 th

e 
su

rv
iv

al
 o

f a
ni

m
al

s 
ha

ve
 to

 b
e 

co
ns

id
er

ed
.

- 
W

ith
 r

ou
gh

 w
ea

th
er
 t

he
 t

an
ks
 s

w
ay

ed
 w

ith
 t

he
 m

ov
em

en
t 

of
 t

he
 s

hi
p,
 w

hi
ch
 r

es
ul

te
d 

in 
a 

ve
ry
 h

ig
h 

m
or

tal
ity

, 
bu

t 
on

ly
 o

f 
sc

al
ed

 f
lat

fis
h 

sp
ec

ie
s 

su
ch
 a

s 
so

le
 a

nd
 d

ab
. 

Th
e 

fis
h 

w
er

e 
no

t 
ab

le
 t

o 
m

ai
nt

ai
n 

po
sit

io
n 

on
 th

e 
sm

oo
th

 s
ur

fa
ce

 o
f t

he
 p

la
sti

c 
ta

nk
s 

an
d 

th
ey

 w
er

e 
sh

uf
fle

d 
ov

er
 e

ac
h 

ot
he

r. 
Th

is 
re

su
lte

d 
in 

sk
in
 e

ro
sio

n 
an

d 
hi

gh
 m

or
tal

ity
 b

ec
au

se
 th

ey
 d

am
ag

ed
 e

ac
h 

ot
he

r w
ith

 th
ei

r s
ca

le
s. 

Th
es

e 
da

ta
 h

av
e 

no
t 

be
en

 in
cl

ud
ed

 in
 o

ur
 e

st
im

at
es

 o
f m

or
tal

ity
. 

Es
tim

at
es

 o
f t

he
 s

ur
vi

va
l o

f f
ish

 in
 ta

nk
s 

on
 b

oa
rd

 c
an

 o
nl

y 
be

 
ca

rri
ed

 o
ut
 in

 r
ea

so
na

bl
e 

w
he

at
he

r 
or

, w
ith

 r
ou

gh
 w

ea
th

er
 c

on
di

tio
ns

, 
on

ly
 o

n 
a 

st
ab

le
 (

la
rg

e)
 s

hi
p 

(e
.g

. 
Tr

id
en

s)
.

- 
Fo

r s
om

e 
in

ve
rte

br
at

e 
sp

ec
ie

s 
th

e 
pe

rc
en

ta
ge

 m
or

tal
ity

 o
f s

ur
vi

vo
rs
 in

 th
e 

se
aw

at
er

 ta
nk

s 
w

as
 e

sti
m

at
ed

 
fo

r o
nl

y 
tw

o 
da

ys
. M

or
tal

ity
 o

f s
w

im
m

in
g 

cr
ab

s 
of

te
n 

in
cr

ea
se

d 
du

rin
g 

th
e 

th
ird

 d
ay

, b
ec

au
se

 th
e 

su
rv

iv
in

g 
cr

ab
s 

be
ca

m
e 

to
o 

liv
ely

 a
nd

 s
ho

w
ed

 in
cr

ea
sin

g 
ag

gr
es

si
ve

 b
eh

av
io

ur
, p

os
sib

ly
 d

ue
 to

 h
un

ge
r.

- 
Fo

r 
so

m
e 

sm
al

l f
ish

 s
pe

ci
es

 th
e 

pl
as

tic
 ta

nk
s 

ap
pe

ar
ed

 to
 b

e 
le

ss
 s

ui
ta

bl
e.
 F

or
 e

xa
m

pl
e,
 l

es
se

r 
w

ee
ve

r 
(T

ra
ch

in
us

 v
ip

er
a)
 s

ho
w

ed
 i

nc
re

as
in

g 
m

or
tal

ity
 r

at
es
 o

ve
r 

3 
da

ys
, 

in 
st

ea
d 

of
 t

he
 e

xp
ec

te
d 

de
cr

ea
se
 i

n 
m

or
tal

ity
. T

he
se

 f
ish

 n
or

m
al

ly
 s

ta
y 

bu
rie

d 
in 

th
e 

sa
nd

 a
nd

 th
ey

 h
ad

 p
ro

bl
em

s 
in 

sta
yi

ng
 u

pr
ig

ht
 in

 a
 b

ar
e 

pl
as

tic
 ta

nk
. T

he
 w

ee
ve

rs
 w

er
e 

of
te

n 
lyi

ng
 o

n 
th

ei
r s

id
e 

an
d 

sh
ow

ed
 r

ap
id

ly
 in

cr
ea

sin
g 

in
fe

ct
io

n 
wi

th
 V

ibr
io 

an
d 

in
cr

ea
sin

g 
m

or
ta

lit
y 

ob
vi

ou
sly

 c
au

se
d 

by
 th

e 
co

nd
iti

on
s 

in 
th

e 
ta

nk
 s

ys
te

m
. 

W
ith
 a
 l

ay
er
 o

f 
2-

3 
cm

 
cl

ea
n 

sa
nd

 in
 th

e 
ta

nk
 s

ur
vi

va
l o

f t
he

 fi
sh
 i

m
pr

ov
ed

, b
ut

 th
ey

 st
ill
 s

uf
fe

re
d 

fro
m
 V

ib
rio

sis
. 

Fo
r t

hi
s 

sp
ec

ie
s 

pe
rc

en
ta

ge
 m

or
ta

lit
y 

w
as

 e
st

im
at

ed
 o

nl
y 

fo
r o

ne
 d

ay
.

4.
 D

IS
CU

SS
IO

N

4.1
. S

UR
VI

VA
L 

CH
AN

CE
S 

OF
 D

IS
CA

RD
S

In 
ge

ne
ra

l t
he

 m
or

ta
lit

y 
of

 s
ta

rfi
sh

 w
as

 lo
w,

 m
or

tal
ity

 o
f m

ol
lu

sc
s 

m
uc

h 
hi

gh
er

 a
nd

 m
or

tal
ity

 o
f f

ish
 v

er
y 

hi
gh

. 
Th

e 
ex

pe
rim

en
ts 

wi
th
 s

ur
vi

va
l t

an
ks

 c
an

 o
nl

y 
gi

ve
 a

n 
es

tim
at

e 
of
 t

he
 s

ur
vi

va
l. 

It 
is 

no
t 

po
ss

ib
le
 to

 g
iv

e 
a 

pr
ec

is
e 

es
tim

at
e 

of
 t

he
 s

ur
vi

va
l 

ch
an

ce
s 

fo
r 

th
e 

di
ffe

re
nt
 s

pe
ci

es
 i

n 
th

e 
fie

ld
, 

be
ca

us
e 

da
m

ag
e 

an
d 

th
e 

su
rv

iv
al
 p

ro
sp

ec
ts
 o

f 
di

sc
ar

ds
 d

ep
en

d 
on
 m

an
y 

fa
ct

or
s 

su
ch
 a

s 
bo

tto
m
 s

ub
st

ra
te
 (

sa
nd

y 
or
 m

ud
dy

), 
th

e 
m

et
ho

d 
of

 f
ish

in
g 

(tr
aw

lin
g 

lig
ht

 w
ith

 s
ho

rt 
lin

es
, o

r 
he

av
y 

wi
th
 l

on
g 

lin
es

), 
th

e 
ty

pe
 o

f 
ne

ts
 (

4-
m

BT
 o

r 
12

- 
m

BT
), 

nu
m

be
rs
 a

nd
 w

ei
gh

t o
f 

tic
kl

er
 c

ha
in

s, 
si

ze
 a

nd
 c

om
po

sit
io

n 
of
 t

he
 c

at
ch

 (
am

ou
nt
 o

f 
ec

hi
no

de
rm

a)
, 

et
c.

 T
he

 m
et

ho
d 

of
 fi

sh
in

g 
is 

ra
th

er
 v

ar
ia

bl
e, 

ad
ap

te
d 

to
 s

ea
so

n 
or

 a
re

a,
 a

nd
 a

iso
 d

ep
en

ds
 o

n 
th

e 
sk

ill
 o

f t
he

 
sk

ip
pe

r. 
A 

pr
op

er
 a

na
ly

sis
 o

f 
th

e 
ef

fe
ct
 o

f 
ali

 th
es

e 
fa

ct
or

s 
w

ou
ld
 a

sk
 f

or
 a

 s
pe

ci
al
 i

nv
es

tig
at

io
n,
 w

hi
ch
 i

s 
be

yo
nd

 th
e 

sc
op

e 
of

 th
is 

re
po

rt.
 T

he
 e

ffe
ct
 o

f 
ha

ul
 d

ur
at

io
n 

an
d 

nu
m

be
rs
 o

f t
ic

kl
er

 c
ha

in
s, 

on
 th

e 
co

nd
iti

on
 

an
d 

su
rv

iv
al
 c

ha
nc

es
 o

f 
di

sc
ar

de
d 

un
de

rs
iz

ed
 p

la
ic

e 
an

d 
so

le
 w

er
e 

es
tim

at
ed
 b

y 
Be

ek
 e

t 
al.
 (

19
90

). 
In 

ge
ne

ra
l, 

th
e 

da
ta

 p
re

se
nt

ed
 h

er
e 

co
nf

irm
 th

ei
r c

on
cl

us
io

ns
. M

an
y 

fa
ct

or
s 

af
fe

ct
ed

 th
e 

su
rv

iv
al

 c
ha

nc
es

 o
f t

he
 

di
sc

ar
d 

fis
h,
 s

uc
h 

as
 c

at
ch

 s
iz

e,
 c

at
ch

 c
om

po
sit

io
n,
 n

um
be

rs
 o

f t
ic

kl
er

 c
ha

in
s, 

te
m

pe
ra

tu
re

, 
an

d 
in 

pa
rti

cu
la

r

13
5



th
e 

du
ra

tio
n 

of
 th

e 
ha

ul
s. 

A
cc

or
di

ng
 to

 B
ee

k 
et

 al
. (

19
90

) t
he

 %
 s

ur
vi

va
l c

ha
nc

es
 (

5%
) 

of
 d

is
ca

rd
 p

la
ic

e 
an

d 
so

le
 d

ec
re

as
ed

 w
ith

 in
cr

ea
sin

g 
ha

ul
 d

ur
at

io
n 

(t,
 m

in
ut

es
) 

ac
co

rd
in

g 
to

 th
e 

lin
ea

r e
qu

at
io

n:
 S

t=
 S

0-
B*

t. 
Th

e 
%

 
su

rv
iv

al
 o

f s
ol

e 
di

sc
ar

ds
 w

as
 e

st
im

at
ed

 a
t 

ab
ou

t 
10

%
 fo

r 
ha

ul
s 

of
 2

 h
ou

rs
, 

ab
ou

t 2
5%

 f
or

 h
au

ls 
of
 1
 h

ou
r, 

an
d 

S0
 w

as
 e

st
im

at
ed

 a
t 5

0-
60

%
, 

in
di

ca
tin

g 
th

at
 4

0-
50

%
 o

f t
he

 f
ish

 w
er

e 
al

re
ad

y 
let

ha
lly

 d
am

ag
ed

 b
y 

th
e 

tic
kl

er
 c

ha
in

s 
w

he
n 

th
ey

 e
nt

er
ed

 t
he
 n

et
 a

t 
t=

0.
 T

hi
s 

is 
no

t 
in 

ag
re

em
en

t 
wi

th
 t

he
 h

ig
h 

su
rv

iv
al
 r

at
es

 
ob

se
rv

ed
 in

 o
ur

 e
xp

er
im

en
ts 

wi
th
 v

er
y 

sh
or

t 
ha

ul
s 

of
 <

 5
 m

in
ut

es
 (

us
ua

lly
 8

0-
90

%
 s

ur
vi

va
l f

or
 p

la
ic

e 
an

d 
so

le
). 

In 
fa

ct
, 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

%
 s

ur
vi

va
l 

(5
%

) 
an

d 
ha

ul
 d

ur
at

io
n 

(t)
 i

s 
pr

ob
ab

ly
 e

xp
on

en
tia

l, 
ac

co
rd

in
g 

to
 t

he
 e

qu
at

io
n 

St
= 

S0
.e-

ex
p.

"B
*t
 (

Fo
nd

s 
et
 a

l.,
 1

99
2)

. 
Th

is 
se

ts
 t

he
 v

al
ue
 o

f 
S0
 a

t 
80

-9
0%

, 
in

di
ca

tin
g 

th
at

 th
e 

da
m

ag
in

g 
ef

fe
ct

 o
f t

he
 ti

ck
le

r c
ha

in
s 

is 
lo

w
er

 th
an

 s
ug

ge
st

ed
 b

y 
Be

ek
 e

t a
l. 

(1
99

0)
.

In 
co

m
m

er
ci

al
 c

at
ch

es
 m

an
y 

an
im

al
s 

ar
e 

da
m

ag
ed

 b
ec

au
se

 th
ey

 a
re

 p
re

ss
ed

 to
ge

th
er

 in
 th

e 
la

rg
e 

m
as

s 
of

 th
e 

ca
tc

h,
 w

hi
le 

so
m

e 
an

im
al

s 
be

co
m

e 
da

m
ag

ed
 a

s 
th

ey
 d

ro
p 

on
 th

e 
st

ee
l f

lo
or

 o
f t

he
 f

ish
-h

ol
d 

or
 fr

om
 

th
e 

ca
rry

-u
p 

be
lt 

on
 th

e 
so

rti
ng

 b
el

t. 
M

or
tal

ity
 a

nd
 d

am
ag

e 
of

 a
ni

m
al

s 
in 

ve
ry

 s
ho

rt 
to

w
s, 

w
he

re
 th

e 
ca

tc
he

s 
w

er
e 

co
lle

ct
ed

 in
 tu

bs
 w

ith
 s

ea
 w

at
er

 a
nd

 n
ot

 s
or

te
d 

ov
er

 th
e 

be
llt

, m
ay

 g
iv

e 
an

 i
m

pr
es

sio
n 

of
 th

e 
da

m
ag

in
g 

ef
fe

ct
 o

f 
th

e 
tic

kl
er
 c

ha
in

s. 
Fo

r 
se

ve
ra

l 
sp

ec
ie

s 
th

e 
di

re
ct
 m

or
tal

ity
 i

n 
sh

or
t 

ha
ul

s 
w

as
 s

im
ila

r 
as
 f

or
 

co
m

m
er

ci
al
 to

w
s, 

e.
g.
 m

as
ke

d 
cr

ab
s, 

qu
ah

og
, 

Sp
in

y 
co

ck
le

. 
Th

is 
in

di
ca

te
s 

th
at
 t

he
se
 s

pe
ci

es
 a

re
 m

ain
ly

 
da

m
ag

ed
 b

y 
th

e 
tic

kl
er

 c
ha

in
s. 

Fo
r s

w
im

m
in

g 
cr

ab
s 

an
d 

fla
tfi

sh
 th

e 
di

re
ct
 m

or
tal

ity
 in

 s
ho

rt 
to

w
s 

w
as
 l

ow
er

 
th

an
 in

 c
om

m
er

ci
al
 h

au
ls,
 i

nd
ica

tin
g 

th
at

 th
e 

tic
kl

er
 c

ha
in

s 
m

ay
 h

av
e 

so
m

e 
ef

fe
ct

, 
bu

t t
ha

t t
he

 m
as

s 
of

 th
e 

ca
tc

h 
an

d 
th

e 
so

rti
ng

 p
ro

ce
du

re
 f

ur
th

er
 r

ed
uc

ed
 th

e 
su

rv
iv

al
 c

ha
nc

es
. 

Se
co

nd
ar

y 
m

or
tal

ity
 o

f c
ra

bs
 in

 t
he

 
se

aw
at

er
 ta

nk
s 

w
as

 m
or

e 
sim

ila
r f

or
 s

ho
rt 

an
d 

fo
r 

lo
ng

 to
w

s. 
M

or
tal

ity
 o

f f
la

tfi
sh

 d
isc

ar
ds

 f
ro

m
 c

om
m

er
ci

al
 

ha
ul

s w
as

 v
er

y 
hi

gh
, h

ig
he

st 
fo

r d
ab

 (T
ab

le
 5

), 
su

rv
iv

al
 c

ha
nc

es
 fo

r r
ou

nd
fis

h 
w

er
e 

nii
.

M
or

tal
ity

 o
f i

nv
er

te
br

at
es

 a
nd

 fl
atf

ish
 w

er
e 

sli
gh

tly
 lo

w
er

 in
 c

at
ch

es
 w

ith
 th

e 
4 

m
et

er
 b

ea
m

 tr
aw

l a
s 

co
m

pa
re

d 
to

 th
e 

12
-m

 b
ea

m
 tr

aw
l 

(T
ab

le
 6

). 
Th

is 
is 

pr
ob

ab
ly

 d
ue

 to
 th

e 
lo

w
er

 w
ei

gh
t, 

lo
w

er
 n

um
be

r 
of
 ti

ck
le

r c
ha

in
s 

an
d 

lo
w

er
 tr

aw
lin

g 
sp

ee
d 

of
 4

-m
 b

ea
m

 tr
aw

ls.
Si

m
ila

r s
uv

iv
al
 e

xp
er

im
en

ts
 h

av
e 

be
en

 c
ar

rie
d 

ou
t b

y 
K

ai
se

r &
 S

pe
nc

er
 (

19
93

) 
an

d 
C

ra
ey

m
ee

rs
ch

 (
19

94
) 

wi
th
 a

ni
m

al
s 

co
lle

ct
ed

 f
ro

m
 c

at
ch

es
 w

ith
 4

-m
 b

ea
m

 tr
aw

ls.
 M

or
tal

ity
 r

at
es
 o

f 
in

ve
rte

br
at

es
 w

er
e 

sim
ila

r 
as

 
th

e 
ra

te
s 

re
po

rte
d 

he
re

, 
an

d 
th

ey
 w

er
e 

m
ain

ly
 a

ttr
ib

ut
ed

 to
 th

e 
da

m
ag

in
g 

ef
fe

ct
 o

f t
ic

kl
er

 c
ha

in
s. 

H
ow

ev
er

, 
th

e 
m

or
tal

ity
 o

f 
pl

ai
ce
 (

Pl
eu

ro
ne

ct
es

 p
la

te
ss

a)
 r

ep
or

te
d 

by
 K

ai
se

r 
& 

Sp
en

ce
r 

an
d 

by
 C

ra
ey

m
ee

rs
ch

 w
as

 
m

uc
h 

lo
w

er
 (<

 4
0%

). 
Th

is 
m

ay
 h

av
e 

be
en

 d
ue

 to
 d

iff
er

en
ce

s 
in 

tra
w

lin
g 

tim
e 

(0
.5
 h

rs
 is

 m
en

tio
ne

d 
by

 K
ai

se
r 

& 
Sp

en
ce

r)
, d

iff
er

en
ce

s 
in 

si
ze

 a
nd

 c
om

po
sit

io
n 

of
 th

e 
ca

tc
h,
 a

nd
 d

iff
er

en
ce

s 
in 

ha
nd

lin
g 

of
 th

e 
ca

tc
h 

(n
o 

so
rti

ng
 b

el
t).
 O

n 
m

od
er

n 
be

am
 tr

aw
le

rs
 s

or
tin

g 
of
 th

e 
ca

tc
he

s 
fro

m
 a

 c
on

ve
yo

r 
be

lt,
 w

as
he

d 
wi

th
 s

ew
at

er
 

fro
m

 th
e 

de
ck

w
as

h,
 p

ro
ce

ed
s f

air
ly

 ra
pi

dl
y 

(<
 %

 h
r) 

an
d 

ad
ds

 li
ttle

 to
 th

e 
m

or
tal

ity
 o

f d
is

ca
rd

ed
 u

nd
er

si
ze

d 
fis

h 
(B

ee
k 

et
 a

l.,
 1

99
0)

. T
he

 m
or

tal
ity

 o
f f

ish
 in

 c
om

m
er

ci
al
 h

au
ls 

wi
th
 b

ea
m

 tr
aw

ls 
de

pe
nd

s 
ve

ry
 m

uc
h 

on
 th

e 
si

ze
 a

nd
 c

om
po

sit
io

n 
of

 th
e 

ca
tc

h.
 M

as
siv

e 
ca

tc
he

s 
co

nt
ai

ni
ng

 m
an

y 
sta

rfi
sh

 l
ea

d 
to

 m
uc

h 
hi

gh
er

 m
or

ta
lit

ie
s, 

an
d 

th
is 

w
as

 th
e 

ca
se

 in
 th

e 
tra

w
lin

g 
su

rv
ey

s 
by

 R
.V

. I
SI

S 
wi

th
 4

-m
 b

ea
m

 tr
aw

ls 
in 

th
e 

D
ut

ch
 c

oa
st

al
 a

re
as

. 
Pl

ai
ce

 c
ol

le
ct

ed
 f

ro
m
 l

ow
 c

at
ch

es
 w

ith
 a

 1
2-

m
 p

la
ic

e-
be

am
 tr

aw
l 

(1
0 

cm
 m

es
h-

siz
e)
 s

ho
w

ed
 m

uc
h 

hi
gh

er
 

su
rv

iv
al

 r
at

es
 a

s 
co

m
pa

re
d 

to
 p

la
ic

e 
ca

ug
ht

 in
 m

as
siv

e 
ca

tc
he

s 
wi

th
 1

2-
m

 s
ol

e 
be

am
 tr

aw
l, 

ca
rri

ed
 o

ut
 a

t t
he

 
sa

m
e 

tim
e 

an
d 

pl
ac

e 
(F

on
ds

 e
t a

l.,
 1

99
2)

.
Th

e 
du

ra
tio

n 
of

 h
au

ls 
by

 c
om

m
er

ci
al

 b
ea

m
 tr

aw
lin

g 
wi

ll 
al

w
ay

s 
be

 a
t l

ea
st

 a
bo

ut
 1

-2
 h

ou
rs
 a

nd
 th

e 
ca

tc
he

s 
ar

e 
pr

ob
ab

ly
 a

lw
ay

s 
m

as
si

ve
, 

ot
he

rw
ise

 b
ea

m
 tr

aw
lin

g 
w

ou
ld
 n

ot
 b

e 
pr

of
ita

bl
e. 

Fo
r 

an
 a

ss
es

m
en

t 
of
 t

he
 

su
rv

iv
al

 c
ha

nc
es

 o
f d

is
ca

rd
s 

fro
m

 c
om

m
er

ci
al
 b

ea
m

 tr
aw

lin
g,
 it

 is
 im

po
rta

nt
 to

 s
im

ul
at

e 
as

 m
uc

h 
as

 p
os

sib
le

 
th

e 
no

rm
al
 p

ro
ce

du
re

s 
of
 c

om
m

er
ci

al
 tr

aw
lin

g 
or

, 
ev

en
 b

et
te

r, 
ca

rry
 o

ut
 s

ur
vi

va
l 

ex
pe

rim
en

ts 
on

 b
oa

rd
 o

f 
co

m
m

er
ci

al
 tr

aw
le

rs
 (

se
e 

Be
ek

 e
t a

l.,
 1

99
0)

. I
n 

fu
tu

re
 e

xp
er

im
en

ts 
m

or
e 

at
te

nt
io

n 
sh

ou
ld

 b
e 

pa
id

 to
 th

e 
ini

tia
l 

m
or

tal
ity

 o
bs

er
ve

d 
in 

so
rti

ng
 o

f t
he

 c
at

ch
.

Th
e 

re
su

lts
 c

an
 b

e 
su

m
m

ar
iz

ed
 a

s f
ol

lo
ws

:
M

or
tal

ity
 o

f s
ta

rfi
sh

 w
as

 v
er

y 
low

, g
en

er
al

ly
 le

ss
 th

an
 1

0%
, w

ith
 th

e 
ex

ce
pt

io
n 

of
 b

rit
tle

 s
ta

rs
 (

O
ph

iu
ra

, 1
0­

25
%

) a
nd

 1
00

%
 m

or
ta

lit
y 

fo
r v

er
y 

vu
ln

er
ab

le
 s

pe
ci

es
 li

ke
 L

ui
di

a 
sa

rs
i (

la
rg

e 
sp

ec
im

en
s 

in 
co

m
m

er
ci

al
 h

au
ls)

. 
So

m
e 

sp
ec

ie
s 

of
 s

ea
 u

rc
hi

ns
 li

ke
 E

ch
in

us
 a

nd
 P

sa
m

ec
hi

nu
s 

lik
ew

ise
 s

ho
w

ed
 l

itt
le 

m
or

tal
ity

. 
H

ow
ev

er
, t

he
 

ve
ry
 v

ul
ne

ra
bl

e 
se

a 
ur

ch
in
 

Ec
hi

no
ca

rd
iu

m
 c

or
da

tu
m
 s

ho
w

ed
 

10
0%
 

m
or

tal
ity

. 
Ec

hi
no

ca
rd

iu
m
 i

s 
ve

ry
 

ab
un

da
nt
 in

 t
he

 s
ou

th
er

n 
No

rth
 S

ea
, 

liv
ing

 i
n 

th
e 

sa
nd

 b
ot

to
m
 t

o 
a 

de
pt

h 
of
 5

-1
0 

cm
 b

el
ow

 t
he

 s
ur

fa
ce

.
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Co
m

m
er

ci
al
 h

au
ls 

ot
te

ri 
co

nt
ai

n 
la

rg
e 

nu
m

be
rs
 o

f 
Ec

hi
no

ca
rd

iu
m

, 
w

hi
ch
 a

re
 a

li 
br

ok
en
 i

nt
o 

pi
ec

es
 o

r 
da

m
ag

ed
 b

ey
on

d 
re

pa
ir.

C
ru

st
ac

ea
ns

 s
ho

w
ed

 a
bo

ut
 5

0%
 (

4m
BT

) 
- 6

0%
 (

12
m

BT
) 

m
or

tal
ity

, w
ith

 th
e 

ex
ce

pt
io

n 
of
 h

er
m

it 
cr

ab
s 

th
at

 
ar

e 
pr

ot
ec

te
d 

by
 th

ei
r s

he
ll.

 O
nl

y 
th

e 
14

%
 h

er
m

it 
cr

ab
s 

th
at
 h

av
e 

lo
st 

th
ei

r s
he

ll 
du

rin
g 

ha
nd

lin
g 

an
d 

so
rti

ng
 

of
 th

e 
ca

tc
h 

m
ay

 b
e 

ea
te

n 
by

 p
re

da
to

rs
 w

he
n 

th
ey

 a
re

 d
is

ca
rd

ed
.

Sm
al

l 
m

ol
lu

sc
s 

(S
pi

su
la

, 
D

on
ax

, 
V

en
us

) 
ar

e 
da

m
ag

ed
 f

or
 a

bo
ut
 2

5%
, 

la
rg

er
 s

pe
ci

es
 l

ike
 M

ac
tra
 &

 
A

ca
nt

ho
ca

rd
iu

m
 fo

r a
t 

le
as

t 5
0%

, w
hi

le 
ab

ou
t 

85
-9

0%
 o

f Q
ua

ho
gs

 (
A

rc
tic

a 
isl

an
di

ca
) a

re
 d

am
ag

ed
. T

hi
s 

is 
m

ain
ly

 d
ue

 to
 th

e 
tic

kl
er

 c
ha

in
s, 

wi
th
 a

dd
iti

on
al
 m

or
tal

ity
 o

f A
rc

tic
a 

be
ca

us
e 

so
m

e 
br

ea
k 

du
rin

g 
so

rti
ng

 o
f t

he
 

ca
tc

h.
 A

rc
tic

a 
ca

ug
ht
 o

n 
so

ft 
m

ud
dy

 b
ot

to
m
 m

ay
 s

ho
w
 a
 l

ow
er
 m

or
tal

ity
 (

Ta
bl

e 
1)

, 
po

ss
ib

ly
 b

ec
au

se
 t

he
 

sh
el

ls 
ar

e 
m

or
e 

ea
si

ly
 d

ug
 o

ut
 b

y 
th

e 
tic

kl
er

 c
ha

in
s 

as
 c

om
pa

re
d 

to
 a

 h
ar

de
r s

an
dy

 su
bs

tra
te

.
Su

rv
iv

al 
ch

an
ce

s 
of

 fl
at

fis
h 

di
sc

ar
ds

 a
re

 v
er

y 
lo

w.
 I

n 
12

-m
 b

ea
m

 tr
aw

l c
at

ch
es

 s
ol

e 
an

d 
pl

ai
ce

 m
ay

 s
ho

w
 

so
m

e 
5%

 su
rv

iv
al

 a
nd

 th
is 

pr
ob

ab
ly

 c
on

ce
rn

s 
m

ain
ly

 th
e 

fis
h 

th
at

 e
nt

er
ed

 th
e 

ne
t s

ho
rtl

y 
be

fo
re

 h
au

lin
g.
 D

ab
 

ap
pe

ar
 to

 b
e 

m
or

e 
vu

ln
er

ab
le

, w
ith

 a
 s

ur
vi

va
l c

ha
nc

e 
of

 d
is

ca
rd

s 
of
 1

%
 o

r 
le

ss
. 

M
or

tal
ity

 o
f d

is
ca

rd
 fl

atf
ish

 
fro

m
 c

om
m

er
ci

al
 c

at
ch

es
 w

ith
 4

-m
 b

ea
m

 tr
aw

ls 
ap

pe
ar

s 
to

 b
e 

lo
we

r, 
bu

t s
til

l 8
5%

 fo
r t

he
 m

or
e 

ha
rd

y 
sp

ec
ie

s 
(s

ol
e, 

flo
un

de
r a

nd
 tu

rb
ot

) a
nd

 b
et

w
ee

n 
90

-1
00

%
 fo

r p
la

ic
e,

 d
ab

 a
nd

 b
ril

l.
Ro

un
df

ish
 (

wh
iti

ng
, 

gu
rn

ar
ds

, 
et

c.)
 d

is
ca

rd
ed

 d
ur

in
g 

co
m

m
er

ci
al
 f

ish
in

g 
ha

ve
 n

o 
su

rv
iv

al
 c

ha
nc

e 
at
 a

li, 
ne

ith
er

 in
 4

m
BT

 n
or

 in
 1

2m
BT

.

4.
2.

 M
OR

TA
LI

TY
 O

F 
AN

IM
AL

S 
TH

AT
 P

A
SS

 T
H

RO
UG

H
 T

H
E 

M
ES

H
ES

In
ve

rte
br

at
es

 t
ha

t 
pa

ss
ed

 u
nd

am
ag

ed
 th

ro
ug

h 
th

e 
m

es
he

s 
of
 c

om
m

er
ci

al
 s

ol
e 

ne
ts 

sh
ow

ed
 l

itt
le 

m
or

tal
ity

 
af

te
rw

ar
ds

. M
os

t o
f t

he
 o

bs
er

ve
d 

m
or

ta
lit

ie
s w

er
e 

du
e 

to
 d

am
ag

e 
by

 th
e 

tic
kl

er
 c

ha
in

s. 
Ad

di
tio

na
l m

or
tal

ity
 o

f 
so

m
e 

sp
ec

ie
s 

co
lle

ct
ed

 fr
om

 v
er

y 
sh

or
t t

ow
s 

pr
ob

ab
ly

 c
on

ce
rn

ed
 th

os
e 

an
im

al
s 

th
at
 h

ad
 s

uf
fe

re
d 

in
vi

sib
le 

da
m

ag
e.
 F

or
 s

ta
rfi

sh
 th

e 
m

or
ta

lit
y 

w
as

 v
er

y 
low

, l
es

s 
th

an
 5

%
, 

ev
en

 f
or

 th
e 

ve
ry

 v
ul

ne
ra

bl
e 

sp
ec

ie
s 

Lu
id

ia 
sa

rs
i (

sm
al

l s
pe

ci
m

en
s 

of
 a

bo
ut

 2
-4

 c
m
 d

ia
m

et
er

). 
M

ol
lu

sc
s 

th
at
 w

er
e 

sti
ll 

vi
sib

ly
 i

nt
ac

t 
an

d 
ali

ve
 s

im
ila

rly
 

sh
ow

ed
 a

 lo
w 

m
or

ta
lit

y 
in 

su
rv

iv
al

 ta
nk

s 
2-

3 
da

ys
 a

fte
r c

at
ch

. T
he

y 
m

ay
 h

av
e 

su
ffe

re
d 

in
vi

sib
le 

da
m

ag
e 

an
d 

sh
ow

 s
om

e 
m

or
tal

ity
 o

ve
r 

th
e 

fo
llo

wi
ng
 w

ee
ks

. 
Li

vin
g 

cr
us

ta
ce

an
s 

fro
m
 t

he
 1

2m
BT

 s
ho

w
ed
 a
 h

ig
he

r 
se

co
nd

ar
y 

m
or

tal
ity

 a
nd

 a
 r

at
he

r 
hi

gh
 v

al
ue

 fo
r 

m
as

ke
d 

cr
ab

 (
Co

ry
ste

s)
. T

he
se

 c
ra

bs
 a

re
 u

su
al

ly
 b

ur
ie

d 
in 

th
e 

bo
tto

m
 a

nd
 t

he
y 

ar
e 

po
ss

ib
ly

 d
am

ag
ed

 m
or

e 
th

an
 o

th
er

 c
ra

bs
 w

he
n 

th
ey

 a
re
 d

ug
 o

ut
 b

y 
th

e 
tic

kl
er

 
ch

ai
ns

. P
er

ce
nt

ag
e 

m
or

ta
lit

y 
fo

r s
m

al
l c

ru
st

ac
ea

ns
, l

ike
 C

ra
ng

on
 o

r j
uv

en
ile

 c
ra

bs
, w

er
e 

ge
ne

ra
lly

 lo
w.

 S
m

all
 

an
im

al
s 

ha
ve

 l
itt

le 
re

si
st

an
ce

 in
 th

e 
w

at
er

 c
ol

um
n 

an
d 

th
ey

 a
re
 p

ro
ba

bl
y 

pu
sh

ed
 a

sid
e 

or
 u

pw
ar

ds
 b

y 
th

e 
tic

kl
er

 ch
ai

ns
, p

as
si

ng
 th

ro
ug

h 
th

e 
m

es
he

s 
w

ith
ou

t m
uc

h 
ha

rm
.

Su
rv

iv
al 

ch
an

ce
s 

of
 fl

at
fis

h 
in 

ve
ry

 s
ho

rt 
ha

ul
s 

su
ffe

re
d 

fro
m

 p
ro

bl
em

s 
of

 th
e 

da
m

ag
in

g 
ef

fe
ct
 o

f e
ch

in
od

er
m

 
by

ca
tc

h.
 H

en
ce

, 
th

e 
ob

se
rv

ed
 m

or
ta

lit
ie

s 
ar

e 
ov

er
es

tim
at

io
ns

, 
th

e 
ac

tu
al
 m

or
tal

ity
 o

f 
fis

h 
th

at
 e

sc
ap

e 
th

ro
ug

h 
th

e 
m

es
he

s 
in 

th
e 

se
a 

is 
pr

ob
ab

ly
 m

uc
h 

lo
we

r. 
In 

ge
ne

ra
l t

hi
s 

m
or

tal
ity

 is
 p

ro
ba

bl
y 

no
t 

m
or

e 
th

an
 

ab
ou

t 1
0-

15
%

, 
an

d 
fo

r 
pl

ai
ce

 e
ve

n 
lo

w
er

 (5
%

). 
H

ow
ev

er
, f

or
 s

ol
es

 e
sc

ap
in

g 
fro

m
 th

e 
12

 m
et

er
 b

ea
m

 tr
aw

l 
th

e 
da

ta
 s

ug
ge

st
 a

 h
ig

he
r m

or
tal

ity
 o

f a
bo

ut
 2

0%
. S

ol
e 

ar
e 

bu
rie

d 
de

ep
er

 in
 th

e 
sa

nd
 th

an
 o

th
er

 fl
atf

ish
. T

ha
t 

is 
th

e 
m

ai
n 

re
as

on
 w

hy
 s

ol
e 

ne
ts
 h

av
e 

to
 b

e 
eq

ui
pp

ed
 w

ith
 s

o 
m

an
y 

tic
kl

er
 c

ha
in

s. 
A 

hi
gh

er
 m

or
tal

ity
 o

f s
ol

es
 

es
ca

pi
ng

 th
ro

ug
h 

th
e 

m
es

he
s 

is 
po

ss
ib

ly
 d

ue
 to

 th
e 

fa
ct

 th
at

 th
ey

 a
re

 d
ug

 u
p 

wi
th
 m

or
e 

fo
rc

e 
be

ca
us

e 
th

ey
 

re
ac

t 
la

te
r 

w
he

n 
th

e 
tic

kl
er
 c

ha
in

s 
pa

ss
 o

ve
r 

th
ei

r 
he

ad
. 

N
ev

er
th

el
es

s, 
ac

co
rd

in
g 

to
 o

bs
er

va
tio

ns
, 

th
e 

su
rv

iv
al
 c

ha
nc

es
 o

f 
un

de
rs

iz
ed

 s
ol

e 
an

d 
pl

ai
ce

 p
as

sin
g 

th
ro

ug
h 

th
e 

m
es

he
s 

of
 c

om
m

er
ci

al
 b

ea
m

 tr
al
 n

et
s, 

ar
e 

hi
gh

er
 (

80
-9

0%
) 

th
an

 e
st

im
at

ed
 b

y 
Be

ek
 e

t a
l.,
 1

99
0 

: 5
0-

60
%

), 
in

di
ca

tin
g 

le
ss
 d

am
ag

e 
by

 th
e 

tic
kl

er
 

ch
ai

ns
.

A
tte

m
pt

s 
to
 e

st
im

at
e 

th
e 

su
rv

iv
al
 c

ha
nc

es
 o

f 
sm

al
l f

lat
fis

h 
sp

ec
ie

s 
th

at
 p

as
s 

th
ro

ug
h 

th
e 

m
es

he
s, 

fa
ile

d 
be

ca
us

e 
th

es
e 

sp
ec

ie
s 

ar
e 

so
 v

ul
ne

ra
bl

e 
th

at
 th

ey
 s

uf
fe

re
d 

he
av

ily
 fr

om
 th

e 
da

m
ag

in
g 

ef
fe

ct
 o

f 
by

ca
tc

h 
in 

th
e 

co
ve

rin
g 

ne
t, 

ev
en
 i

n 
ve

ry
 s

ho
rt 

to
w

s. 
Th

e 
sa

m
e 

ca
n 

be
 s

ai
d 

fo
r 

sm
al

l 
ro

un
df

ish
 (

yo
un

g 
ga

do
id

s, 
gu

rn
ar

ds
, s

an
de

el
s, 

et
c.

). 
Th

e 
ad

di
tio

ns
 o

f s
an

d 
in 

su
rv

iv
al

 ta
nk

s 
fo

r t
he

 m
or

e 
vu

ln
er

ab
le
 s

m
al

l f
ish

 s
pe

ci
es

 
(S

ol
en

et
te

, l
es

se
r w

ee
ve

r, 
sa

nd
ee

ls
 e

tc
.) 

ha
s 

to
 b

e 
re

co
ns

id
er

ed
. 

Le
ss

er
 w

ee
ve

r 
(T

ra
ch

in
us

 v
ip

er
a)

 s
ho

w
ed

 
a 

fa
irl

y 
lo

w 
m

or
ta

lit
y 

of
 6

%
 a

fte
r o

ne
 d

ay
. S

im
ila

r v
al

ue
s 

w
er

e 
ob

se
rv

ed
 in

 s
om

e 
ex

pe
rim

en
ts 

wi
th
 h

oo
kn

os
e 

(A
go

nu
s, 

Ta
bl

e 
2)
 a

nd
 g

ob
ie

s 
(T

ab
le
 3

). 
Lo

w 
m

or
ta

lit
ie

s 
of
 6

-1
2%

 (
Ta

bl
e 

2)
 a

nd
 1

1-
17

%
 (

Ta
bl

e 
3)
 w

er
e
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ob
se

rv
ed

 fo
r p

la
ic

e 
an

d 
da

b 
co

lle
ct

ed
 fr

om
 s

ho
rt 

to
w

s. 
On

 a
cc

ou
nt

 o
f t

he
se

 o
bs

er
va

tio
ns

 w
e 

m
ay

 p
re

su
m

e 
th

at
 th

e 
su

rv
iv

al
 c

ha
nc

es
 o

f s
m

al
l f

ish
 th

at
 p

as
s 

th
ro

ug
h 

th
e 

m
es

he
s 

ar
e 

pr
ob

ab
ly

 h
ig

h,
 in

 th
e 

sa
m

e 
or

de
r o

f 
m

ag
ni

tu
de

 a
s 

fo
r u

nd
er

si
ze

d 
so

le
, p

la
ic

e 
an

d 
da

b.
 W

he
n 

sm
all

 fi
sh

 e
sc

ap
e 

im
m

ed
ia

te
ly

 th
ro

ug
h 

th
e 

m
es

he
s, 

th
e 

m
or

tal
ity

 d
ue

 to
 th

e 
gr

ou
nd

 c
ha

in
s 

of
 th

e 
ne

ts
 is

 p
ro

ba
bl

y 
no

t m
or

e 
th

an
 1

0-
15

%
.

In 
ge

ne
ra

l, 
th

e 
m

or
tal

ity
 r

at
es

 e
st

im
at

ed
 fo

r i
nv

er
te

br
at

es
 a

nd
 fi

sh
 in

 c
om

m
er

ci
al
 h

au
ls 

in
di

ca
te 

th
at

 m
os

t o
f 

th
e 

un
de

rs
iz

ed
 fl

atf
ish

 a
re

 k
ill

ed
 a

nd
 d

isc
ar

de
d 

to
ge

th
er

 w
ith

 re
lat

iv
el

y 
un

ha
rm

ed
 st

ar
fis

h,
Th

e 
sta

rfi
sh

 A
st

er
ia

s i
s a

 w
el

lk
no

w
n 

sc
av

en
ge

r, 
th

at
 c

er
ta

in
ly

 a
iso

 e
at

s 
de

ad
 fi

sh
, w

hi
le 

A
st

ro
pe

ct
en

 is
 a

iso
 

ab
le
 to

 e
at
 d

ea
d 

fis
h 

(p
er

s. 
ob

s.)
. 

Sm
al

l f
ish

 t
ha

t 
pa

ss
 t

hr
ou

gh
 t

he
 m

es
he

s 
ar

e 
pr

ob
ab

ly
 h

ar
dl

y 
af

fe
ct

ed
, 

wh
ile

 th
e 

la
rg

e 
fis

h 
ar

e 
ta

ke
n 

aw
ay

 le
ad

in
g 

to
 r

ed
uc

ed
 fo

od
 c

om
pe

tit
io

n 
an

d 
pr

ed
at

io
n 

fo
r t

he
 s

m
al

l f
ish

. T
hi

s 
su

gg
es

ts
 th

at
 b

ea
m

 tr
aw

l f
ish

er
y 

fo
r s

ol
es

 m
ay

 h
av

e 
a 

ne
ga

tiv
e 

ef
fe

ct
 o

n 
po

pu
la

tio
ns

 o
f c

om
m

er
ci

al
 f

lat
fis

h 
(p

ar
tic

ul
ar

ly
 d

ab
, 

Li
m

an
da

 a
m

an
da

) 
an

d 
a 

po
sit

iv
e 

ef
fe

ct
 o

n 
po

pu
la

tio
ns

 o
f s

ta
rfi

sh
 (

A
ste

ria
s)
 a

nd
 s

m
al

l f
ish

 
sp

ec
ie

s 
su

ch
 a

s 
So

le
ne

tte
 (

Bu
gl

os
sid

iu
m

), 
Sc

al
df

ish
 (

A
rn

og
lo

ss
us

), 
D

ra
go

ne
ts
 (

Ca
lli

on
ym

us
), 

le
ss

er
 w

ee
ve

r 
(T

ra
ch

in
us

 v
ip

er
a)

, s
an

de
el

s 
(A

m
m

od
yt

es
) a

nd
 g

ob
ie

s 
(P

om
at

os
ch

ist
us

).

SU
M

M
AR

Y

Su
rv

iv
al 

ex
pe

rim
en

ts 
wi

th
 fi

sh
 a

nd
 in

ve
rte

br
at

es
 fr

om
 th

e 
by

-c
at

ch
 o

f b
ea

m
 tr

aw
ls 

in
di

ca
te

 th
at

 th
e 

m
or

tal
ity

 
of
 d

is
ca

rd
ed
 u

nd
er

si
ze

d 
fis

h 
in 

co
m

m
er

ci
al
 tr

aw
lin

g 
is 

ve
ry
 h

ig
h,
 w

hi
le 

th
e 

m
or

tal
ity

 o
f 

di
sc

ar
de

d 
sta

rfi
sh

 
ap

pe
ar

s 
to

 b
e 

ve
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 c
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 d
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r t
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 m
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f c
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 c
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 b
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at
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r w
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 c
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e 

es
tim

at
ed
 a

nd
 t

he
 e

xp
ec

te
d 

ca
tc

h 
m

or
tal

ity
 a

fte
r 

tra
w

lin
g 

th
e 

ar
ea

 t
w

ic
e. 

Th
e 

ex
pe

ct
ed
 c
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at
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 c
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l d
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 d
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e 
la

st 
ha

ul
s 

w
er

e 
hi

gh
er

 th
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y.

 A
 lo

w
er

 C
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ra
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e 
ar

ea
 a

nd
 o

ut
sid

e,
 i

s 
es

tim
at

ed
 f

ro
m
 t

he
 n

um
be

r 
of 

"m
iss

in
g"

 a
ni

m
al

s 
(M

), 
w

hi
ch

 is
 c

al
cu

la
te

d 
by

 su
bs

tra
ct

in
g 

bo
th

 th
e 

de
ns

ity
 st

ill
 p

re
se

nt
 a

fte
r t

ra
w

lin
g 

an
d 

th
e 

to
ta

l 
nu

m
be

rs
 c

au
gh

t 
in 

th
e 

co
m

m
er

ci
al
 tr

aw
ls 

in 
ha

ul
 1
 t

o 
5,
 f

ro
m
 t

he
 d

en
sit

y 
be

fo
re
 t

ra
wl

in
g.
 T

he
 t

ot
al 

nu
m

be
r 

of
 a

ni
m

al
s 

ca
ug

ht
 a

fte
r 

tra
w

lin
g 

tw
ic

e 
w

as
 c

al
cu

la
te

d 
as
 t

he
 r

at
io
 b

et
w

ee
n 

th
e 

ac
tu

al
 n

um
be

rs
 

ca
ug

ht
 in

 th
e 

5 
ha

ul
s 

an
d 

th
e 

su
rf

ac
e 

of
 th

e 
st

ud
y 

ar
ea

. T
he

 n
um

be
r 

of
 m

iss
in

g 
an

im
al

s 
is 

ex
pr

es
se

d 
as

 a
 

pe
rc

en
ta

ge
 o

f t
he

 in
iti

al 
de

ns
ity

.

M 
= 

pe
rc

en
ta

ge
 m

iss
in

g 
an

im
al

s,

_ 
10

0 
* [

(in
iti

al 
de

ns
itv

)-f
de

ns
itv

 a
t t

i)-
(to

ta
l n

um
be

rs
 c

au
gh

t i
n 

12
-m

 b
ea

m
 tr

aw
ls 

in 
th

e 
5 

ha
ul

s)
]

ini
tia

l d
en

sit
y 

es
tim

at
e 

sa
m

pl
in

g 
ge

ar

Th
e 

sa
m

pl
in

g 
ge

ar
 y

iel
di

ng
 th

e 
hi

gh
es

t i
nit

ial
 d

en
sit

y 
es

tim
at

e 
is 

us
ed

 in
 th

es
e 

ca
lc

ul
at

io
ns

. 
Sp

ec
ie

s 
th

at
 in

 
th

e 
ini

tia
l 

sa
m

pl
in

g 
w

er
e 

ca
ug

ht
 i

n 
hi

gh
er
 d

en
si

tie
s 

in 
th

e 
Tr

ip
le-

D 
th

an
 i

n 
th

e 
3-

m
 b

ea
m
 t

ra
w

l, 
ar

e 
co

ns
id

er
ed

 to
 b

e 
bu

rro
w

in
g 

sp
ec

ie
s. 

Th
e 

3-
m

 b
ea

m
 tr

aw
l i

s 
no

t s
ui

ta
bl

e 
to
 e

st
im

at
e 

ch
an

ge
s 

in 
de

ns
iti

es
 o

f 
bu

rro
w

in
g 

sp
ec

ie
s, 

no
t o

nl
y 

be
ca

us
e 

de
ns

ity
 e

st
im

at
es

 a
re

 n
ot

 r
ea

lis
tic

, b
ut

 e
sp

ec
ia

lly
 b

ec
au

se
 tr

aw
lin

g 
m

ay
 

ca
us

e 
a 

ch
an

ge
 in

 v
er

tic
al

 d
ist

rib
ut

io
n 

of
 th

es
e 

sp
ec

ie
s, 

le
ad

in
g 

to
 a

n 
en

ha
nc

ed
 c

at
ch

ab
ili

ty
.

It 
sh

ou
ld
 b

e 
no

te
d,
 t

ha
t t

hi
s 

pe
rc

en
ta

ge
 m

iss
in

g 
an

im
al

s 
an

d 
th

er
ef

or
e 

no
n-

ca
tc

h 
m

or
tal

ity
, 

ca
n 

on
ly
 b

e 
as

se
ss

ed
 a

fte
r t

ra
w

lin
g 

th
e 

ar
ea

 tw
ic

e, 
as

 ti
-s

am
pl

in
g 

w
as

 o
nl

y 
ca

rri
ed

 o
ut

 a
fte

r t
ra

w
lin

g 
tw

ic
e. 

O
bv

io
us

ly
, M

 
is 

in
flu

en
ce

d 
by

 m
ig

ra
tio

n 
of

 a
ni

m
al

s 
in

to
 o

r o
ut

 o
f t

he
 s

tu
dy

 a
re

a.
B

ec
au

se
 m

ig
ra

tio
n 

wi
th

in
 t

he
 p

er
io

d 
be

tw
ee

n 
th

e 
ini

tia
l 

sa
m

pl
in

g 
an

d 
th

e 
tr

sa
m

pl
in

g 
co

ul
d 

no
t 

be
 

de
te

rm
in

ed
, t

he
 n

on
-c

at
ch

 m
or

tal
ity

 c
an

 n
ot

 b
e 

es
tim

at
ed

 in
 th

is 
w

ay
 fo

r h
ig

hl
y 

m
ob

ile
 s

pe
ci

es
, s

uc
h 

as
 fi

sh
 

an
d 

sh
rim

ps
. 

Fo
r s

es
si

le
 o

r 
lo

w 
m

ob
ile

 s
pe

ci
es

, w
ith

 a
 n

eg
le

ct
ib

le
 h

or
iz

on
ta

l 
m

ig
ra

tio
n,
 n

on
-c

at
ch

 m
or

tal
ity

 
eq

ua
ls 

M
, i

f n
on

e 
of

 th
e 

an
im

al
s 

ar
e 

w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s 

of
 th

e 
tra

w
l o

ut
sid

e 
th

e 
st

ud
y 

ar
ea

. 
If 

ali
 

an
im

al
s 

ar
e 

w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s, 

no
n-

ca
tc

h 
m

or
tal

ity
 is

 e
sti

m
at

ed
 b

y 
m

ul
tip

ly
in

g 
M
 b

y 
th

e 
m

or
tal

ity
 

in 
th

e 
di

sc
ar

d 
(F

on
ds

, t
hi

s 
re

po
rt)

.

15
2



2.2
.5.

 IN
DI

CA
TI

ON
S 

FO
R 

SC
AV

EN
GI

NG

In
cr

ea
sin

g 
de

ns
iti

es
 o

f 
sp

ec
ie

s 
af

te
r 

tra
w

lin
g 

m
ay

 p
ro

vi
de
 i

nd
ire

ct 
ev

id
en

ce
 f

or
 s

ca
ve

ng
in

g.
 A

s 
ra

nd
om

 
m

ov
em

en
t 

of
 a

ni
m

al
s 

ev
en

tu
al

ly
 r

ep
le

ni
sh

es
 

th
e 

re
du

ce
d 

de
ns

ity
 

in 
a 

tra
w

le
d 

ar
ea
 t

o 
th

at
 

in 
its

 
su

rro
un

di
ng

s, 
ev

id
en

ce
 o

f s
ca

ve
ng

in
g 

is 
fo

un
d 

on
ly

 w
he

n 
th

e 
de

ns
ity

 in
 th

e 
stu

dy
 a

re
a 

ex
ce

ed
s 

th
at
 in

 i
ts 

su
rro

un
di

ng
s, 

ie.
 w

he
n 

ac
cu

m
ul

at
io

n 
oc

cu
rs

. 
In 

th
is 

stu
dy

, 
sp

ec
ie

s 
ar

e 
co

ns
id

er
ed

 t
o 

ac
cu

m
ul

at
e 

w
he

n 
de

ns
iti

es
 a

t 
t2 

or
 ti
 (

w
he

n 
sa

m
pl

ed
 w

ith
 t

he
 3

-m
 b

ea
m
 t

ra
w

l 
or
 T

rip
le-

D 
re

sp
ec

tiv
el

y)
 e

xc
ed

ed
 t

he
 i

nit
ial

 
de

ns
iti

es
 (

t0)
. 

It 
is 

as
su

m
ed

 t
ha

t t
he

se
 i

nit
ial
 d

en
si

tie
s 

w
er

e 
sim

ila
r t

o 
th

e 
de

ns
iti

es
 j

us
t 

ou
ts

id
e 

th
e 

ar
ea

 
du

rin
g 

th
e 

tr
 o

r t
2-

sa
m

pl
in

g.

3.
 R

ES
U

LT
S

3.
1.

 A
PR

IL
 S

TU
DY

3.
1.

1.
 T

RA
W

LI
NG

 O
F 

TH
E 

ST
UD

Y 
AR

EA

Of
 a

li 
32

 f
ish

- 
an

d 
in

ve
rte

br
at

e 
sp

ec
ie

s 
ca

ug
ht

 in
 th

e 
tra

w
ls,
 1

0 
sp

ec
ie

s 
sh

ow
ed

 l
ow

er
 d

en
sit

ie
s 

in 
ea

ch
 o

f 
th

e 
la

st 
2 

ha
ul

s 
th

an
 in

 th
e 

fir
st 

3 
ha

ul
s 

(T
ab

le
 1

). 
Th

e 
m

os
t a

bu
nd

an
t f

ish
 s

pe
ci

es
, d

ab
, d

id
 n

ot
 d

ec
re

as
e 

in 
de

ns
ity

. T
he

 in
fa

un
a 

sp
ec

ie
s 

A
rc

tic
a 

isl
an

di
ca

1 
an

d 
A

ca
nt

ho
ca

rd
ia

 e
ch

in
at

a 
sh

ow
ed

 h
ig

he
r n

um
be

rs
 in

 e
ac

h 
of

 th
e 

la
st 

2 
ha

ul
s.

3.
1.

2.
 B

OX
CO

RE
 S

AM
PL

IN
G

In 
th

e 
bo

x 
co

re
r s

am
pl

es
, 7

2 
ta

xa
 w

er
e 

di
sti

ng
ui

sh
ed

 (T
ab

le
 2

). 
Sp

ec
ie

s 
co

m
po

sit
io

n 
is 

ch
ar

ac
te

ris
tic

 fo
r t

he
 

“A
m

ph
iu

ra
 f

ili
fo

rm
is"
 a

ss
em

bl
ag

e,
 w

ith
 d

om
in

an
t 

sp
ec

ie
s 

su
ch
 a

s 
A

m
ph

iu
ra
 f

ili
fo

rm
is,
 M

ys
el

la
 b

id
en

ta
ta

, 
C

al
lia

na
ss

a 
su

bt
er

ra
ne

a,
 P

ho
lo

e 
m

in
ut

a 
an

d 
Ph

or
on

id
es
 (

H
ol

tm
an

n 
& 

G
ro

en
ew

ol
d,
 1

99
2)

. 
On

ly
 ju

ve
ni

le 
A

rc
tic

a 
isl

an
di

ca
, 

M
ag

el
on

a 
pa

pi
lli

co
rn

is 
an

d 
Pe

ct
in

ar
ia

 s
p.
 s

ho
w

ed
 a

 s
ig

ni
fic

an
t d

ec
re

as
e 

in 
de

ns
ity

 a
fte

r 
tra

wl
in

g.
 S

ev
er

al
 s

pe
ci

es
 o

f 
cu

m
ac

ea
ns

 a
nd

 g
am

m
ar

id
s 

w
er

e 
fo

un
d 

in 
th

e 
bo

x 
co

re
r 

sa
m

pl
es

. 
Al

i t
he

se
 

sp
ec

ie
s 

sh
ow

ed
 a
 d

ec
re

as
e 

in 
de

ns
ity

 a
fte

r 
tra

wl
in

g,
 w

hi
ch
 w

as
 s

ig
ni

fic
an

t 
fo

r 
th

e 
to

ta
l 

of
 e

ac
h 

gr
ou

p.
 

N
ep

ht
ys

 h
om

be
rg

ii,
 s

ho
w

ed
 a

 si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 d
en

sit
y 

af
te

r t
ra

wl
in

g.

3.
1.

3.
 D

RE
DG

E 
AN

D 
3-

M
 B

EA
M

 T
RA

W
L 

SA
M

PL
IN

G

Sp
ec

ie
s 

co
m

po
sit

io
n 

an
d 

si
ze

 d
ist

rib
ut

io
n 

in 
th

e 
ca

tc
he

s 
of

 th
e 

ex
pe

rim
en

ta
l d

re
dg

e 
(T

ab
le

 3
) c

le
ar

ly
 d

iff
er

ed
 

fro
m

 th
os

e 
in 

th
e 

bo
x 

co
re

r s
am

pl
es

. S
m

al
l s

iz
ed

 a
nn

el
id

 s
pe

ci
es

 w
er

e 
lac

ki
ng

 in
 th

e 
ca

tc
he

s 
of

 th
e 

dr
ed

ge
, 

du
e 

to
 th

e 
la

rg
er

 m
es

h 
si

ze
 o

f t
he

 n
et

. O
f s

pe
ci

es
 th

at
 w

er
e 

ca
ug

ht
 w

ith
 b

ot
h 

ge
ar

, s
pe

ci
m

en
s 

ca
ug

ht
 in

 th
e 

bo
x 

co
re

r o
fte

n 
w

er
e 

ju
ve

ni
le

 (T
ab

le
 2

), 
w

hi
le 

ne
ar

ly
 al

i s
pe

ci
m

en
s 

in 
th

e 
dr

ed
ge

 c
at

ch
es

 w
er

e 
ad

ul
t.

Of
 a

li 
sp

ec
ie

s 
ca

ug
ht

 in
 th

e 
3-

m
 b

ea
m

 tr
aw

l i
ns

id
e 

an
d 

ou
tsi

de
 th

e 
st

ud
y 

ar
ea

 2
4 

ho
ur

s 
af

te
r t

ra
wl

in
g,

 d
ab

, 
Cr

an
go

n 
al

tm
an

i, 
U

po
ge

bi
a 

sp
., 

A
rc

tic
a 

isl
an

di
ca

 a
nd

 M
ys

ia 
un

da
ta

 s
ho

w
ed

 h
ig

he
r d

en
sit

ie
s 

in 
ea

ch
 o

f t
he

 
ha

ul
s 

in
sid

e 
th

e 
tra

w
le

d 
ar

ea
. 

Ec
hi

no
ca

rd
iu

m
 c

or
da

tu
m

, 
Ph

ax
as
 p

el
lu

ci
du

s, 
C

or
ys

te
s 

ca
ss

iv
el

au
nu

s, 
Li

oc
ar

ci
nu

s 
ho

ls
at

us
 a

nd
 E

up
ag

ur
us

 b
er

nh
ar

du
s 

sh
ow

ed
 l

ow
er
 d

en
sit

ie
s 

in 
ea

ch
 o

f 
th

e 
ha

ul
s 

in
sid

e 
th

e 
tra

w
le

d 
ar

ea
 (T

ab
le

 4
).

3.1
.4.

 S
TO

M
AC

H 
CO

NT
EN

T 
OF

 D
AB

St
om

ac
h 

co
nt

en
ts

 w
er

e 
an

al
yz

ed
 o

f 5
0 

da
bs

, t
ha

t w
er

e 
ca

ug
ht

 in
 th

e 
3-

m
 b

ea
m

 tr
aw

l i
n 

th
e 

st
ud

y 
ar

ea
 2

4 
ho

ur
s 

af
te

r 
tra

wl
in

g 
ha

d 
fin

ish
ed

, 
an

d 
of
 a

no
th

er
 5

0 
da

bs
, 

th
at
 w

er
e 

ca
ug

ht
 o

ut
sid

e 
th

e 
stu

dy
 a

re
a 

sim
ul

ta
nu

ou
sly

. 
Pr

ey
 i

te
m

s 
w

er
e 

di
vi

de
d 

in
to
 6
 d

iff
er

en
t 

ca
te

go
rie

s:
 l

ar
ge

r 
pi

ec
es
 o

f 
fle

sh
 f

ro
m
 A

rc
tic

a

1 Co
mm

on
 E

ng
lis

h n
am

es
 of

 a 
nu

m
be

r o
f s

pe
cie

s a
re

 gi
ve

n 
in 

th
e A

pp
en

dix

15
3



isl
an

di
ca
 o

r 
A

ca
nt

ho
ca

rd
ia
 e

ch
in

at
a, 

sm
al

l 
pi

ec
es
 o

f 
m

ol
lu

sc
 f

le
sh
 (

pr
ob

ab
ly
 l

ar
ge

ly
 f

ro
m
 t

he
 s

am
e 

2 
sp

ec
ie

s)
, 

cr
us

ta
ce

an
s 

(m
ain

ly
 U

po
ge

bi
a 

sp
. 

an
d 

C
al

lia
na

ss
a 

sp
.),
 a

nn
el

id
s, 

ot
he

r 
re

co
gn

iz
ab

le
 i

te
m

s 
lik

e 
sm

al
l 

ec
hi

no
de

rm
s 

an
d 

m
ol

lu
sc

s, 
an

d 
fin

e 
de

br
is 

(F
ig

. 
2)

. 
To

ta
l 

st
om

ac
h 

co
nt

en
t 

w
as
 m

uc
h 

hi
gh

er
 i

n 
an

im
al

s 
fro

m
 th

e 
st

ud
y 

ar
ea

, 
m

ai
nl

y 
du

e 
to
 la

rg
e 

pi
ec

es
 o

f s
he

llf
ish

. W
or

m
s 

w
er

e 
pr

es
en

t i
n 

bo
th

 g
ro

up
s 

in 
ne

ar
ly
 e

qu
al
 a

m
ou

nt
s. 

Fi
ne

, 
di

ge
st

ed
 m

at
er

ia
l w

as
 p

re
se

nt
 in

 s
lig

ht
ly
 h

ig
he

r 
am

ou
nt

s 
in 

th
e 

st
om

ac
hs
 o

f 
an

im
al

s f
ro

m
 o

ut
sid

e 
th

e 
st

ud
y 

ar
ea

.

3.
1.

5.
 P

EN
ET

RA
TI

ON
 D

EP
TH

 O
F 

TI
CK

LE
R 

CH
AI

NS

To
 d

at
e,
 4

 s
am

pl
es
 h

av
e 

be
en
 a

na
ly

ze
d,
 2

 f
ro

m
 i

ns
id

e 
th

e 
tra

w
l 

tra
ck
 a

nd
 2

 f
ro

m
 o

ut
sid

e.
 T

he
 m

ea
n 

ab
un

da
nc

e 
of

 n
em

at
od

es
 in

 th
e 

sa
m

pl
es

 ta
ke

n 
ou

tsi
de

 th
e 

tra
w

l t
ra

ck
 d

ec
re

as
ed

 w
ith

 d
ep

th
, f

ro
m

 o
ve

r 5
00

 
pe

r 
10

 c
m

3 
in 

th
e 

up
pe

r 
cm

, 
to
 l

es
s 

th
an
 2

00
 i

nd
iv

id
ua

ls 
pe

r 
10
 c

m
3 

be
lo

w
 a
 d

ep
th
 o

f 
7 

cm
 (

Fi
g. 

3)
. 

D
en

sit
ie

s 
in 

th
e 

sa
m

pl
es
 f

ro
m
 i

ns
id

e 
th

e 
tra

wl
 t

ra
ck

 a
pp

ea
re

d 
to
 b

e 
re

du
ce

d 
in 

th
e 

up
pe

r 
3 

cm
 o

f 
th

e 
se

di
m

en
t.

Th
e 

la
ck

er
 p

ee
ls
 o

f 
th

e 
sa

m
pl

es
 o

ut
sid

e 
as
 w

ell
 a

s 
in

sid
e 

th
e 

tra
w

ltr
ac

k 
sh

ow
ed
 a
 h

om
og

en
eo

us
 

di
str

ib
ut

io
n 

of
 th

e 
se

di
m

en
t f

ro
m

 th
e 

su
rf

ac
e 

to
 a

 d
ep

th
 o

f o
ve

r 
10

 c
m

. A
pp

ar
en

tly
, i

n 
th

is 
ar

ea
, 

la
ck

er
 p

ee
ls 

gi
ve

 n
o 

in
fo

rm
at

io
n 

ab
ou

t t
he

 d
ep

th
 to

 w
hi

ch
 s

ed
im

en
t i

s d
is

tu
rb

ed
 b

y 
tic

kl
er

 c
ha

in
s.

3.2
. S

EP
TE

M
BE

R 
ST

UD
Y

3.
2.

1.
 T

RA
W

LI
NG

 O
F 

TH
E 

ST
UD

Y 
AR

EA
.

In 
to

ta
l 2

5 
sp

ec
ie

s 
w

er
e 

ca
ug

ht
 in

 th
e 

5 
ha

ul
s 

wi
th

 th
e 

tra
w

ls 
(T

ab
le
 5

). 
Of

 th
e 

16
 m

os
t c

om
m

on
ly

 c
au

gh
t 

sp
ec

ie
s, 

pl
ai

ce
 (

Pl
eu

ro
ne

ct
es

 p
la

te
ss

a)
, 

so
le
 (

So
le

a 
so

le
a)

, 
A

rn
og

lo
ss

us
 l

at
er

na
, 

Tr
ig

la 
sp

p.
, 

A
str

op
ec

te
n 

irr
eg

ul
ar

is,
 A

st
er

ia
s 

ru
be

ns
, 

A
ph

ro
di

ta
 a

cu
le

at
a 

an
d 

Li
oc

ar
ci

nu
s 

ho
ls

at
us

 s
ho

w
ed
 l

ow
er
 d

en
sit

ie
s 

in 
bo

th
 

ca
tc

he
s 

of
 t

he
 l

as
t 

ha
ul
 t

ha
n 

in 
th

e 
fir

st 
ca

tc
he

s. 
D

en
sit

ie
s 

of
 M

er
la

ng
iu

s 
m

er
la

ng
us

, 
A

rc
tic

a 
isl

an
di

ca
, 

A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a,
 a

nd
 m

al
e 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s 

in
cr

ea
se

d 
in 

ea
ch

 o
f t

he
 l

as
t h

au
ls.
 D

en
sit

ie
s 

of 
da

b 
an

d 
Eu

pa
gu

ru
s 

be
rn

ha
rd

us
 a

t 
fir

st 
in

cr
ea

se
d,
 f

ol
lo

w
ed
 b

y 
a 

de
cr

ea
se
 t

o 
a 

lev
el 

be
lo

w
 t

he
 i

nit
ial

 
de

ns
iti

es
. 

D
en

sit
ie

s 
of
 O

ph
iu

ra
 t

ex
tu

ra
ta
 a

nd
 B

uc
ci

nu
m
 u

nd
at

um
 r

em
ai

ne
d 

m
or

e 
or
 l

es
s 

th
e 

sa
m

e.
 A

iso
 

Ec
hi

no
ca

rd
iu

m
 c

or
da

tu
m

 w
as

 c
au

gh
t i

n 
th

e 
co

m
m

er
ci

al
 tr

aw
ls,

 b
ut

 th
es

e 
co

ul
d 

no
t b

e 
co

un
te

d 
as

 th
ey

 w
er

e 
to

o 
m

uc
h 

da
m

ag
ed

 to
 d

ist
in

gh
ui

sh
 b

et
w

ee
n 

sp
ec

im
en

s.

3.2
.2.

 V
AN

 V
EE

N 
GR

AB
 S

AM
PL

IN
G

In 
th

e 
V

an
 V

ee
n 

sa
m

pl
es

, 
24
 s

pe
ci

es
 w

er
e 

fo
un

d 
(T

ab
le
 6

). 
Th

e 
de

ns
ity
 o

f 
N

uc
ul

a 
sp

p.
 i

nc
re

as
ed

 
sig

ni
fic

an
tly

 a
fte

r 
tra

w
lin

g,
 w

he
re

as
 D

os
in

ia
 l

up
in

us
, 

Tu
rri

tel
la 

co
m

m
un

is,
 a

nd
 P

ec
tin

ar
ia
 s

p.
 s

ho
w

ed
 a

 
sig

ni
fic

an
t 

de
cr

ea
se

. 
H

ow
ev

er
, 

es
tim

at
es
 o

f 
(c

ha
ng

es
 i

n)
 d

en
sit

ie
s 

sh
ou

ld
 b

e 
co

ns
id

er
ed
 a

s 
un

re
lia

bl
e, 

be
ca

us
e 

th
e 

nu
m

be
rs
 i

n 
th

e 
sa

m
pl

es
 w

er
e 

lo
w 

fo
r 

ali
 t

he
se
 s

pe
ci

es
. 

Fu
rth

er
m

or
e, 

th
e 

re
su

lts
 f

or
 s

m
all

 
sp

ec
ie

s 
an

d 
si

ze
 c

la
ss

es
 a

re
 u

nr
el

ia
bl

e,
 a

s 
pr

ob
ab

ly
 m

an
y 

an
im

al
s 

w
er

e 
w

as
he

d 
th

ro
ug

h 
th

e 
m

es
he

s 
of

 th
e 

5 
m

m
 s

ie
ve

. T
he

 d
en

si
ty

 e
st

im
at

e 
th

er
ef

or
e 

de
pe

nd
s 

to
 a

 la
rg

e 
ex

te
nd

 o
n 

th
e 

du
ra

tio
n 

of
 th

e 
w

as
hi

ng
 o

f t
he

 
sa

m
pl

es
.

3.
2.

3.
 T

RI
PL

E-
D 

SA
M

PL
IN

G

In 
th

e 
Tr

ip
le-

D 
sa

m
pl

es
, 

a 
nu

m
be

r 
of
 i

nv
er

te
br

at
es
 w

er
e 

fo
un

d 
in 

sig
ni

fic
an

tly
 l

ow
er
 m

ea
n 

de
ns

iti
es

, 
12

 
ho

ur
s 

af
te

r 
co

m
m

er
ci

al
 tr

aw
lin

g:
 A

br
a 

al
ba

, 
A

rc
tic

a 
isl

an
di

ca
, 

M
ac

tra
 c

or
all

in
a, 

Ph
ax

as
 p

el
lu

ci
du

s, 
fe

m
al

e 
C

or
ys

te
s 

ca
ss

iv
el

au
nu

s, 
la

rg
e 

Eu
pa

gu
ru

s 
be

rn
ha

rd
us

, 
Ec

hi
no

ca
rd

iu
m
 c

or
da

tu
m
 a

nd
 A

nt
ho

zo
a 

(T
ab

le
 7

). 
A

lm
os

t s
ig

ni
fic

an
tly

 d
ec

re
as

ed
 d

en
si

tie
s w

er
e 

fo
un

d 
fo

r T
ur

rit
ell

a 
co

m
m

un
is 

an
d 

M
ys

ia
 u

nd
at

a.
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3.
2.

4.
 3

-M
 B

EA
M

 T
RA

W
L 

SA
M

PL
IN

G

C
ha

ng
es

 in
 d

en
si

tie
s I

n 
th

e 
st

ud
y 

ar
ea

D
en

sit
ie

s 
of

 s
pe

ci
es

 in
 th

e 
st

ud
y 

ar
ea

 a
re

 p
re

se
nt

ed
 in

 T
ab

le
 8

a, 
as

 w
ell

 a
s 

th
e 

pe
rc

en
ta

ge
 c

ha
ng

e 
in 

de
n­

sit
y 

be
tw

ee
n 

t0 
an

d 
ti 

(S
-,)

, t
i a

nd
 t2

 (S
2),

 a
nd

 t0
 a

nd
 t2

 (S
tot

). 
C

ha
ng

es
 in

 d
en

sit
ie

s 
in 

th
e 

st
ud

y 
ar

ea
 o

f t
ho

se
 

sp
ec

ie
s, 

th
at

 w
er

e 
pr

es
en

t i
n 

ali
 s

am
pl

in
g 

pe
rio

ds
 in

 b
ot

h 
st

ud
y 

an
d 

re
fe

re
nc

e 
ar

ea
, a

re
 p

lo
tte

d 
in 

Fi
g. 

4.

In 
ge

ne
ra

l, 
m

os
t 

fis
h 

sp
ec

ie
s 

sh
ow

ed
 a
 d

ec
re

as
e 

in 
de

ns
ity

 i
m

m
ed

ia
te

ly
 a

fte
r 

tra
wl

in
g,
 f

ol
lo

w
ed
 b

y 
an

 
in

cr
ea

se
 2

4 
ho

ur
s 

la
te

r. 
Th

is 
de

cr
ea

se
 w

as
 s

ig
ni

fic
an

t f
or

 d
ab

, 
pl

ai
ce

, A
rn

og
lo

ss
us

 la
te

rn
a 

an
d 

M
er

la
ng

iu
s 

m
er

la
ng

us
, 

an
d 

th
is 

in
cr

ea
se
 w

as
 s

ig
ni

fic
an

t 
fo

r 
da

b,
 

pl
ai

ce
, 

A
rn

og
lo

ss
us
 l

at
er

na
, 

Ca
lli

on
ym

us
 l

yr
a, 

Po
m

at
os

ch
is

tu
s s

pp
. a

nd
 T

rig
la 

sp
p.

 A
t 2

4 
ho

ur
s 

af
te

r t
ra

wl
in

g,
 th

e 
de

ns
ity

 o
f o

nl
y 

th
e 

la
rg

es
t s

iz
e 

cl
as

se
s 

of 
da

b 
ha

d 
sig

ni
fic

an
tly

 i
nc

re
as

ed
 to

 a
 l

ev
el 

ab
ov

e 
th

e 
ini

tia
l d

en
si

ty
 (

i.e
. 

ac
cu

m
ul

at
io

n 
of
 a

ni
m

al
s)

, w
he

re
as

 
on

ly
 B

ug
lo

ss
id

iu
m

 lu
te

um
 s

ho
w

ed
 a

 s
ig

ni
fic

an
tly

 lo
w

er
 d

en
sit

y 
at
 th

is 
tim

e. 
Fo

r 
se

pa
ra

te
 l

en
gt

h 
cl

as
se

s 
of 

da
b,

 a
 si

ze
 d

ep
en

de
nt

 d
ec

re
as

e 
w

as
 fo

un
d 

im
m

ed
ia

te
ly

 a
fte

r t
ra

wl
in

g,
 in

 w
hi

ch
 th

e 
sm

al
le

st 
an

im
al

s 
sh

ow
ed

 
th

e 
la

rg
es

t d
ec

re
as

e.
 N

o 
si

ze
 d

ep
en

de
nt

 tr
en

d 
w

as
 fo

un
d 

in 
th

e 
in

cr
ea

se
 o

ve
r t

he
 n

ex
t 2

4 
ho

ur
s 

(it
 s

ho
ul

d 
be

 n
ot

ed
 th

at
 s

iz
e 

de
pe

nd
en

t t
re

nd
s w

er
e 

no
t t

es
te

d)
. I

n 
co

nt
ra

st
 to

 a
li 

ot
he

r l
en

gt
h 

cl
as

se
s, 

th
e 

0-
gr

ou
p 

da
b 

sh
ow

ed
 h

ar
dl

y 
an

y 
ch

an
ge

 in
 d

en
sit

y.

Of
 t

he
 m

ob
ile
 i

nv
er

te
br

at
e 

ep
i- 

an
d 

in
fa

un
a 

sp
ec

ie
s, 

A
st

er
ia

s 
ru

be
ns

. 
Cr

an
go

n 
al

tm
an

i 
an

d 
Eu

pa
gu

ru
s 

be
rn

ha
rd

us
 s

ho
w

ed
 a

 s
ig

ni
fic

an
t d

ec
re

as
e 

in 
de

ns
iti

es
 i

m
m

ed
ia

te
ly
 a

fte
r t

ra
w

lin
g.
 O

ve
r t

he
 n

ex
t 2

4 
ho

ur
s, 

on
ly
 E

up
ag

ur
us
 b

er
nh

ar
du

s 
sh

ow
ed
 a
 s

ig
ni

fic
an

t 
in

cr
ea

se
 i

n 
de

ns
ity

, 
w

he
re

as
 t

he
 d

en
si

ty
 o

f 
Co

ry
ste

s 
ca

ss
iv

el
au

nu
s (

m
al

e)
 s

ho
w

ed
 a

 si
gn

ifi
ca

nt
 (f

ur
th

er
) d

ec
re

as
e.

 A
t 2

4 
ho

ur
s 

af
te

r t
ra

wl
in

g,
 d

en
sit

ie
s 

of
 n

on
e 

of 
th

e 
sp

ec
ie

s, 
th

at
 s

ho
w

ed
 d

ec
re

as
ed

 d
en

sit
ie

s 
im

m
ed

ia
te

ly
 a

fte
r t

ra
w

lin
g 

ha
d 

re
tu

rn
ed

 to
 th

ei
r i

ni
tia

l l
ev

el
s.

A 
sig

ni
fic

an
t 

in
cr

ea
se
 

in 
de

ns
iti

es
 i

m
m

ed
ia

te
ly
 a

fte
r 

tra
w

lin
g 

w
as
 f

ou
nd
 f

or
 t

he
 f

ol
lo

wi
ng
 s

pe
ci

es
: 

A
str

op
ec

te
n 

irr
eg

ul
ar

is,
 A

pp
or

ha
is 

pe
sp

el
ic

an
i, 

Eu
sp

ira
 p

ol
ia

na
, 

C
al

lia
na

ss
a 

sp
., 

U
po

ge
bi

a 
sp

. 
an

d 
Co

ry
ste

s 
ca

ss
iv

el
au

nu
s 

(fe
m

al
e)

. A
 c

le
ar

 d
ec

re
as

e 
ov

er
 th

e 
ne

xt
 2

4 
ho

ur
s 

w
as

 fo
un

d 
fo

r a
li 

th
es

e 
sp

ec
ie

s. 
H

ow
ev

er
, 

at
 2

4 
ho

ur
s a

fte
r t

ra
w

lin
g,

 d
en

si
tie

s 
of

 a
li 

th
es

e 
m

ob
ile

 s
pe

ci
es

 w
er

e 
sti

ll 
we

ll 
ab

ov
e 

th
ei

r i
nit

ial
 le

ve
ls.

Fo
r 

se
pe

ra
te
 l

en
gt

h 
cl

as
se

s 
of
 A

st
er

ia
s 

ru
be

ns
 a

 s
iz

e 
de

pe
nd

en
t 

in
cr

ea
se
 w

as
 f

ou
nd
 i

n 
th

e 
24
 h

ou
r 

in
te

rv
al 

af
te

r t
ra

w
lin

g,
 in

 w
hi

ch
 la

rg
er

 a
ni

m
al

s 
sh

ow
ed

 a
 la

rg
er

 in
cr

ea
se

. A
iso

 A
st

ro
pe

ct
en

 ir
re

gu
la

ris
 sh

ow
ed

 
a 

si
ze
 d

ep
en

de
nt
 t

re
nd

: 
im

m
ed

ia
te

ly
 a

fte
r 

tra
w

lin
g 

th
e 

sm
al

le
st 

an
im

al
s 

sh
ow

ed
 t

he
 h

ig
he

st 
in

cr
ea

se
 i

n 
de

ns
iti

es
, f

ol
lo

w
ed

 b
y 

th
e 

hi
gh

es
t d

ec
re

as
e 

24
 h

ou
rs

 la
ter

.

Al
i 

se
de

nt
ar

y 
sp

ec
ie

s,
 

ex
ce

pt
 

Ec
hi

no
ca

rd
iu

m
 c

or
da

tu
m

, 
sh

ow
ed
 

a 
co

ns
id

er
ab

le
 

in
cr

ea
se
 

in 
de

ns
ity

 
im

m
ed

ia
te

ly
 a

fte
r t

ra
w

lin
g,

 fo
llo

w
ed

 b
y 

a 
de

cr
ea

se
 in

 th
e 

fo
llo

wi
ng

 2
4 

ho
ur

s. 
Th

e 
in

cr
ea

se
 w

as
 s

ig
ni

fic
an

t f
or

 
A

br
a 

al
ba

, A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a,
 D

os
in

ia
 lu

pi
nu

s, 
M

ac
tra

 c
or

all
in

a, 
N

uc
ul

a 
sp

p.
 a

nd
 T

ur
rit

ell
a 

co
m

m
un

is.
 

Th
e 

de
cr

ea
se

 w
as
 s

ig
ni

fic
an

t 
on

ly
 f

or
 M

ac
tra

 c
or

all
in

a. 
At
 2

4 
ho

ur
s 

af
te

r 
tra

w
lin

g,
 d

en
sit

ie
s 

of
 a

li 
th

es
e 

se
de

nt
ar

y 
sp

ec
ie

s 
w

er
e 

sti
ll 

we
ll 

ab
ov

e 
th

ei
r 

ini
tia

l 
le

ve
ls,
 e

xc
ep

t 
Co

rb
ul

a 
gi

bb
a, 

G
ar

i f
er

ve
ns

is,
 T

ur
rit

ell
a 

co
m

m
un

is,
 M

ys
ia

 u
nd

at
a,

 a
nd

 P
ha

xa
s p

el
lu

ci
du

s.

C
ha

ng
es

 in
 d

en
si

tie
s I

n 
th

e 
re

fe
re

nc
e 

ar
ea

D
en

sit
ie

s 
of
 s

pe
ci

es
 in

 th
e 

re
fe

re
nc

e 
ar

ea
 a

re
 p

re
se

nt
ed

 in
 T

ab
le
 8

b, 
as

 w
ell

 a
s 

th
e 

pe
rc

en
ta

ge
 c

ha
ng

e 
in 

de
ns

ity
 b

et
w

ee
n 

t0 
an

d 
t-i 

(R
-i)

, ^
 a

nd
 t2

 (R
2)

, a
nd

 t0
 a

nd
 t2

 (R
tot

)- 
In 

ge
ne

ra
l, 

th
e 

ch
an

ge
s 

in 
de

ns
iti

es
 in

 th
e 

re
fe

re
nc

e 
ar

ea
 w

er
e 

le
ss

 p
ro

no
un

ce
d 

th
an

 in
 th

e 
st

ud
y 

ar
ea

 (F
ig

. 4
). 

Ex
cl

ud
in

g 
th

e 
ch

an
ge

s 
in 

se
pe

ra
te

 s
iz

e 
cl

as
se

s,
 a

 si
gn

ifi
ca

nt
 c

ha
ng

e 
w

as
 fo

un
d 

on
ly

 fo
r: 

0-
gr

ou
p 

da
b 

(R
2, 

in
cr

ea
se

), 
fe

m
al

e 
C

or
ys

te
s 

ca
ss

iv
el

au
nu

s 
(R

2, 
in

cr
ea

se
), 

an
d 

Ci
ro

la
na

 b
or

ea
lis

 (R
2, 

de
cr

ea
se

). 
No

 s
iz

e 
de

pe
nd

en
t t

re
nd

s 
in 

ch
an

ge
s 

of
 d

en
si

tie
s 

w
er

e 
fo

un
d 

in 
th

e 
re

fe
re

nc
e 

ar
ea

.
A

lth
ou

gh
 n

ot
 s

ig
ni

fic
an

t, 
th

e 
am

pl
itu

de
 o

f 
th

e 
ch

an
ge

s 
in 

de
ns

iti
es
 o

f 
ro

un
df

ish
 s

pe
ci

es
 a

nd
 o

f 
Ci

ro
lan

a 
bo

re
al

is 
w

er
e 

in 
th

e 
sa

m
e 

or
de

r 
of
 m

ag
ni

tu
de
 i

n 
th

e 
re

fe
re

nc
e 

ar
ea

 a
s 

in 
th

e 
st

ud
y 

ar
ea

. 
Th

er
ef

or
e,
 f

or
 

th
es

e 
sp

ec
ie

s, 
ch

an
ge

s 
in 

de
ns

iti
es
 i

n 
th

e 
stu

dy
 a

re
a 

ca
nn

ot
 b

e 
as

cr
ib

ed
 to

 e
ff

ec
ts 

of
 tr

aw
lin

g.
 A

lth
ou

gh
 

hi
gh

ly
 m

ob
ile

, t
he

 fl
atf

ish
 s

pe
ci

es
 s

ho
w

ed
 o

nl
y 

m
in

or
 c

ha
ng

es
 in

 d
en

si
ty

 d
ur

in
g 

th
e 

sa
m

pl
in

g 
pe

rio
ds

 in
 th

e 
re

fe
re

nc
e 

ar
ea

. I
t m

ay
 b

e 
as

su
m

ed
, t

ha
t f

or
 th

es
e 

sp
ec

ie
s 

na
tu

ra
l f

lu
ct

ua
tio

ns
 in

 th
e 

st
ud

y 
ar

ea
 w

er
e 

low
.
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3.2
.5.

 C
AT

CH
 M

OR
TA

LI
TY

Ca
tc

h 
ef

fic
ien

cy
, t

ot
al
 n

um
be

rs
 c

au
gh

t a
fte

r t
ra

wl
in

g 
th

e 
ar

ea
 tw

ic
e, 

m
or

tal
ity

 o
f 

di
sc

ar
d 

af
te

r 
ha

nd
lin

g 
th

e 
ca

tc
h 

on
bo

ar
d,

 a
nd

 c
at

ch
 m

or
ta

lit
ie

s 
ar

e 
gi

ve
n 

in 
Ta

bl
e 

9.
Ca

tc
h 

ef
fic

ie
nc

y f
or

 so
m

e 
sp

ec
ie

s 
co

ul
d 

no
t b

e 
de

te
rm

in
ed

, a
s:

(i)
 t

he
 c

at
ch

 e
ffi

ci
en

cy
 o

f 
th

e 
sa

m
pl

in
g 

ge
ar

 w
as
 e

vi
de

nt
ly
 l

es
s 

th
an
 1

00
%

, 
as

 d
en

sit
y 

es
tim

at
es
 b

y 
th

e 
tra

w
ls 

w
er

e 
ev

en
 h

ig
he

r (
la

rg
e 

si
ze

d 
da

b 
an

d 
pl

ai
ce

),
(ii)

 t
he

 in
iti

al 
de

ns
ity

 e
sti

m
at

e 
(2

4 
ho

ur
s 

be
fo

re
 th

e 
tra

w
lin

g)
 m

ay
 n

ot
 b

e 
re

pr
es

en
ta

tiv
e 

fo
r t

he
 d

en
sit

y 
at

 th
e 

st
ar

t 
of
 t

he
 tr

aw
lin

g,
 b

ec
au

se
 c

on
sid

er
ab

le
 f

lu
ct

ua
tio

ns
 i

n 
de

ns
iti

es
 w

er
e 

fo
un

d 
in 

th
e 

re
fe

re
nc

e 
ar

ea
 

(ro
un

df
ish

 s
pe

ci
es

),
(iii

) t
he

se
 s

pe
ci

es
 w

er
e 

no
t 

or
 h

ar
dl

y 
fo

un
d 

in 
th

e 
sa

m
pl

in
g 

ge
ar
 (

e.g
. 

so
le

, 
Sc

op
ht

ha
lm

us
 m

ax
im

us
, 

A
eq

ui
pe

ct
en

 o
pe

rc
ul

ar
is,

 B
uc

ci
nu

m
 u

nd
at

um
).

Th
e 

ca
tc

h 
ef

fic
ie

nc
y 

fo
r 

th
e 

sw
im

m
in

g 
cr

ab
, 

Li
oc

ar
ci

nu
s 

ho
lsa

tu
s, 

co
ul

d 
no

t 
be
 e

st
im

at
ed

, 
as

 t
he

 s
iz

e 
fr

eq
ue

nc
y 

di
str

ib
ut

io
n 

of
 a

ni
m

al
s 

ca
ug

ht
 in

 t
he

 tr
aw

ls 
is 

lik
ely

 to
 d

iff
er

 fr
om

 th
at
 in

 th
e 

sa
m

pl
in

g 
ge

ar
 (t

hi
s 

sp
ec

ie
s 

w
as

 n
ot
 m

ea
su

re
d 

in 
th

e 
ca

tc
he

s 
of

 th
e1

2-
m

 b
ea

m
 tr

aw
l).

Fo
r d

is
ca

rd
ed

 fi
sh

, t
he

 m
or

tal
ity

 a
fte

r b
ei

ng
 h

an
dl

ed
 o

nb
oa

rd
 th

e 
tra

w
le

r i
s 

hi
gh

 (
> 

95
%

), 
re

su
lti

ng
 in

 a
 c

at
ch

 
m

or
tal

ity
 a

fte
r t

ra
w

lin
g 

th
e 

ar
ea

 tw
ic

e 
wh

ich
 a

bo
ut

 e
qu

al
s 

to
ta

l c
at

ch
 in

 h
au

l 
1 

to
 5
 (

4 
to
 1

39
%

 o
f t

he
 in

itia
l 

de
ns

ity
). 

Fo
r 

di
sc

ar
de

d 
in

ve
rte

br
at

es
, 

th
e 

m
or

tal
ity
 

in 
th

e 
di

sc
ar

d 
va

rie
d 

co
ns

id
er

ab
ly

, 
bu

t 
fo

r 
ali

 
in

ve
rte

br
at

es
, c

at
ch

 m
or

tal
ity

 e
st

im
at

es
 a

fte
r t

ra
w

lin
g 

tw
ic

e 
ar

e 
le

ss
 th

an
 1

5%
.

3.
2.

6.
 P

ER
CE

NT
AG

E 
M

IS
SI

NG
 A

NI
M

AL
S 

AN
D 

NO
N-

CA
TC

H 
M

OR
TA

LI
TY

Th
e 

pe
rc

en
ta

ge
 o

f 
m

iss
in

g 
an

im
al

s 
w

as
 e

st
im

at
ed
 o

nl
y 

fo
r 

sp
ec

ie
s 

th
at
 w

er
e 

fre
qu

en
tly

 c
au

gh
t 

in 
th

e 
sa

m
pl

in
g 

ge
ar

 (
Ta

bl
e 

10
). 

Fo
r a

 n
um

be
r o

f t
he

se
 s

pe
ci

es
, t

he
 n

um
be

r 
of

 s
am

pl
es

 m
ay

 h
av

e 
be

en
 y

et
 to

o 
lo

w 
fo

r 
a 

re
lia

bl
e 

de
ns

ity
 e

st
im

at
e.
 T

he
 p

er
ce

nt
ag

e 
of
 m

iss
in

g 
an

im
al

s 
of
 t

he
se

 s
pe

ci
es

 m
ay

 th
er

ef
or

e 
be

 
le

ss
 

re
lia

bl
e 

(in
 T

ab
le
 

10
, 

th
es

e 
va

lu
es
 

ar
e 

pl
ac

ed
 b

et
w

ee
n 

br
ac

ke
ts)

. 
Th

e 
pe

rc
en

ta
ge
 

of
 

m
iss

in
g 

Li
oc

ar
ci

nu
s 

ho
ls

at
us

 c
ou

ld
 n

ot
 b

e 
es

tim
at

ed
, 

as
 t

he
 s

iz
e 

fr
eq

ue
nc

y 
di

str
ib

ut
io

n 
of
 a

ni
m

al
s 

ca
ug

ht
 i

n 
th

e 
tra

w
ls 

is 
un

kn
ow

n.
 O

f 
Ec

hi
no

ca
rd

iu
m
 c

or
da

tu
m

, 
th

e 
pe

rc
en

ta
ge

 m
iss

in
g 

an
im

al
s, 

an
d 

th
er

ef
or

e 
th

e 
no

n­
ca

tc
h 

m
or

tal
ity

, c
ou

ld
 n

ot
 b

e 
es

tim
at

ed
, a

s 
in 

th
e 

Ap
ril

 s
tu

dy
 n

ot
 a

li 
ca

tc
he

s 
of

 th
e 

tra
w

ls 
w

er
e 

an
al

yz
ed

.
As
 t

he
 n

on
-c

at
ch
 m

or
tal

ity
 e

st
im

at
e 

is 
ba

se
d 

on
 t

he
 p

er
ce

nt
ag

e 
m

iss
in

g 
an

im
al

s 
an

d 
th

er
ef

or
e 

is 
in

flu
en

ce
d 

by
 m

ig
ra

tio
n,
 i

t 
is 

no
t 

po
ss

ib
le
 t

o 
gi

ve
 a
 r

eli
ab

le 
es

tim
at

e 
fo

r 
hi

gh
ly
 m

ob
ile
 s

pe
ci

es
. 

Fi
sh

, 
th

er
ef

or
e,
 a

re
 n

ot
 i

nc
lu

de
d 

in 
Ta

bl
e 

10
, j

us
t 

lik
e 

a 
nu

m
be

r 
of
 c

ru
st

ac
ea

ns
 (

C
ra

ng
on

 a
lla

ni
, 

Pr
oc

es
sa

 s
p.

, 
ga

m
m

ar
id

s 
an

d 
cu

m
ac

ea
ns

), 
th

at
 m

ay
 d

is
pe

rs
e 

in
to

 th
e 

w
at

er
 co

lu
m

n 
af

te
r b

ei
ng

 d
ist

ur
be

d.

Th
e 

hi
gh

es
t 

pe
rc

en
ta

ge
s 

of
 m

iss
in

g 
an

im
al

s 
w

er
e 

fo
un

d 
fo

r 
so

m
e 

m
ol

lu
sc

s, 
cr

us
ta

ce
an

s, 
an

ne
lid

s 
an

d 
an

th
oz

oa
ns

. 
In 

ali
 t

he
se
 g

ro
up

s, 
th

e 
pe

rc
en

ta
ge

s 
va

rie
d 

co
ns

id
er

ab
ly

. 
Th

e 
sm

al
le

st
 r

an
ge

 w
as
 f

ou
nd
 i

n 
ec

hi
no

de
rm

s, 
w

hi
ch

 s
ho

w
ed

 p
er

ce
nt

ag
es

 o
f m

iss
in

g 
an

im
al

s 
of

 le
ss

 th
an

 2
0%

.

4. 
DI

SC
US

SI
ON

4.1
. C

AT
CH

 M
OR

TA
LI

TY

Fo
r 

la
rg

er
 d

ab
, 

A
ca

nt
ho

ca
rd

ia
 

ec
hi

na
ta

, 
A

rc
tic

a 
isl

an
di

ca
, 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s 

an
d 

Eu
pa

gu
ru

s 
be

rn
ha

rd
us

, t
he

 c
at

ch
 m

or
tal

ity
 a

fte
r t

ra
wl

in
g 

th
e 

ar
ea

 tw
ice

 w
as
 h

ig
he

r t
ha

n 
co

ul
d 

be
 e

xp
ec

te
d 

(T
ab

le 
9)

. 
D

ab
 a

pp
ar

en
tly

 im
m

ig
ra

te
d 

in
to

 th
e 

tra
w

le
d 

ar
ea

, 
as

 a
iso

 in
 th

e 
pe

rio
d 

af
te

r t
ra

w
lin

g 
th

is 
sp

ec
ie

s 
sh

ow
ed

 a
 

co
ns

id
er

ab
le
 i

m
m

ig
ra

tio
n 

(T
ab

le
 8

a)
. 

Pr
ob

ab
ly
 t

hi
s 

is 
ai

so
 t

he
 c

as
e 

in 
Eu

pa
gu

ru
s 

be
rn

ha
rd

us
, 

a 
hi

gh
ly

 
m

ob
ile
 e

pi
be

nt
hi

c 
sp

ec
ie

s. 
A 

lik
ely
 e

xp
la

na
tio

n 
fo

r 
th

e 
in

cr
ea

se
d 

ca
tc

ha
bi

lit
y 

of
 A

rc
tic

a 
isl

an
di

ca
 a

nd
 

A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a 

is 
th

at
 fo

r e
ac

h 
sp

ec
im

en
 c

au
gh

t i
n 

th
e 

ne
t, 

m
an

y 
m

or
e 

w
er

e 
pa

rti
al

ly
 d

ug
 u

p 
by

 th
e 

tic
kl

er
 c

ha
in

s 
an

d 
di

d 
no

t e
nt

er
 th

e 
ne

t. 
In 

th
e 

la
st 

ha
ul

s, 
w

hi
ch

 c
ov

er
ed

 a
n 

ar
ea

 a
lre

ad
y 

tra
w

le
d 

du
rin

g 
th

e 
fir

st 
ha

ul
s, 

th
es

e 
an

im
al

s w
er

e 
ca

ug
ht

 in
 th

e 
ne

ts 
as

 w
ell

 (
le

ad
in

g 
to

 4
 ti

m
es

 h
ig

he
r n

um
be

rs
 in

 th
e 

la
st 

ha
ul

15
6



th
an

 in
 th

e 
fir

st 
ha

ul
). 

Th
is 

ex
pl

an
at

io
n 

is 
su

pp
or

te
d 

by
 th

e 
ca

tc
he

s 
of

 th
e 

3-
m

 b
ea

m
 tr

aw
l i

n 
bo

th
 s

tu
di

es
, i

n 
w

hi
ch

 t
he

se
 s

pe
ci

es
 w

er
e 

al
m

os
t 

ex
cl

us
iv

el
y 

ca
ug

ht
 a

fte
r 

tra
w

lin
g 

(T
ab

le
 4
 a

nd
 8

a)
. 

Ai
so
 t

he
 e

nh
an

ce
d 

ca
tc

ha
bi

lit
y 

of
 C

or
ys

te
s 

ca
ss

iv
el

au
nu

s 
du

rin
g 

th
e 

se
co

nd
 tr

aw
lin

g 
m

ay
 b

e 
ex

pl
ai

ne
d 

by
 th

e 
fa

ct
 t

ha
t 

th
is 

bu
rro

w
in

g 
sp

ec
ie

s 
is 

lik
ely

 to
 b

e 
du

g 
up

 b
y 

th
e 

tic
kl

er
 ch

ai
ns

, b
ut

 th
is 

sp
ec

ie
s 

m
ay

 a
iso

 b
ec

om
e 

ac
tiv

e 
on

 th
e 

su
rf

ac
e 

as
 s

ca
ve

ng
er

. 
Im

m
ig

ra
tio

n,
 h

ow
ev

er
, s

ee
m

s 
un

lik
ely

 to
 p

la
y 

an
 i

m
po

rta
nt
 r

ol
e, 

co
ns

id
er

in
g 

th
e 

13
­

fo
ld

 in
cr

ea
se

 fo
un

d 
wi

th
in

 3
 h

ou
rs

.
Fo

r A
str

op
ec

te
n 

irr
eg

ul
ar

is 
an

d 
A

ph
ro

di
ta
 a

cu
le

at
a,
 t

he
 c

at
ch

 m
or

tal
ity

 a
fte

r t
ra

w
lin

g 
th

e 
ar

ea
 tw

ic
e 

w
as

 
lo

w
er

 th
an

 c
ou

ld
 b

e 
ex

pe
ct

ed
. 

Th
is 

in
di

ca
te

s, 
th

at
 e

m
ig

ra
tio

n 
ha

s 
ta

ke
n 

pl
ac

e 
du

rin
g 

th
e 

3 
ho

ur
 p

er
io

d 
of

 
co

m
m

er
ci

al
 tr

aw
lin

g.
 A

s t
he

se
 a

re
 lo

w 
m

ob
ile

 s
pe

ci
es

, a
ct

iv
e 

em
ig

ra
tio

n 
is 

no
t l

ike
ly.

 A
ni

m
als

 w
er

e 
pr

ob
ab

ly
 

ca
ug

ht
 in

 th
e 

tra
w

ls,
 w

as
he

d 
th

ro
ug

h 
th

e 
m

es
he

s 
an

d 
w

e r
e 

di
sp

er
se

d 
ou

ts
id

e 
th

e 
st

ud
y 

ar
ea

. 
Of

 A
ph

ro
di

ta
 

ac
ul

ea
ta

, t
he

 to
ta

l 
nu

m
be

r c
au

gh
t 

in 
ha

ul
 1
 t

o 
5 

w
as

 e
ve

n 
lo

w
er

 th
an

 th
e 

ca
tc

h 
ef

fic
ie

nc
y 

(in
 h

au
l 

1)
. T

hi
s 

ca
nn

ot
 b

e 
ex

pl
ai

ne
d 

by
 e

m
ig

ra
tio

n 
al

on
e,
 a

nd
 m

ay
 b

e 
ca

us
ed

 b
y 

an
 e

xt
re

m
e 

he
te

ro
ge

ne
 d

ist
rib

ut
io

n 
of

 th
is 

sp
ec

ie
s, 

or
 ir

re
gu

la
rit

ie
s d

ur
in

g 
th

e 
pr

oc
es

sin
g 

of
 th

e 
ca

tc
he

s.

4.2
. N

ON
-C

AT
CH

 M
OR

TA
LI

TY

Fo
r h

ig
hl

y 
m

ob
ile

 s
pe

ci
es

 s
uc

h 
as

 fi
sh

 a
nd

 s
hr

im
ps

, t
he

 p
er

ce
nt

ag
e 

m
iss

in
g 

an
im

al
s, 

an
d 

th
er

ef
or

e 
th

e 
no

n­
ca

tc
h 

m
or

tal
ity

, c
ou

ld
 n

ot
 b

e 
es

tim
at

ed
 r

eli
ab

ly
. I

n 
fis

h, 
no

n-
ca

tc
h 

m
or

tal
ity

 w
ill 

pr
ob

ab
ly

 o
cc

ur
 m

ain
ly
 in

 th
e 

tra
w

ls,
 w

he
n 

m
or

tal
ly
 d

am
ag

ed
 a

ni
m

al
s 

ar
e 

w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s. 

By
 u

sin
g 

a 
fin

e 
m

es
he

d 
ne

t 
co

ve
rin

g 
th

e 
co

m
m

er
ci

al
 tr

aw
l, 

th
is 

m
or

tal
ity

 is
 te

nt
at

iv
el

y 
es

tim
at

ed
 a

s 
in 

th
e 

or
de

r 
of
 1

0%
 o

f t
he

 a
ni

m
al

s 
th

at
 e

sc
ap

ed
 t

hr
ou

gh
 t

he
 m

es
he

s 
of
 t

he
 t

ra
w

l 
(F

on
ds

, 
th

is 
EC

-F
AR

 r
ep

or
t).
 A

s 
it 

is 
no

t 
cl

ea
r, 

w
ha

t 
pe

rc
en

ta
ge

 o
f t

he
 a

ni
m

al
s t

ha
t w

er
e 

in
iti

all
y 

pr
es

en
t i

n t
he

 s
tu

dy
 a

re
a 

ha
d 

es
ca

pe
d 

th
ro

ug
h 

th
e 

m
es

he
s, 

th
is 

10
%

 e
st

im
at

e 
ca

nn
ot

 b
e 

ap
pl

ie
d 

in 
th

e 
ca

lc
ul

at
io

ns
 o

f n
on

-c
at

ch
 m

or
tal

ity
.

Th
e 

in
ve

rte
br

at
es
 m

en
tio

ne
d 

in 
Ta

bl
e 

10
 a

re
 u

nl
ik

ely
 to

 s
ho

w
 s

ub
st

an
tia

l 
im

m
ig

ra
tio

n 
du

rin
g 

th
e 

in
ter

va
l 

be
tw

ee
n 

t0 
an

d 
t1p
 w

ith
 a

 p
os

sib
le
 e

xc
ep

tio
n 

fo
r 

la
rg

e 
Eu

pa
gu

ru
s 

be
rn

ha
rd

us
. 

Em
ig

ra
tio

n,
 h

ow
ev

er
, 

m
ay

 
pl

ay
 a

 r
ol

e 
in 

th
e 

in
te

rp
re

ta
tio

n 
of

 th
e 

pe
rc

en
ta

ge
 o

f 
m

iss
in

g 
an

im
al

s, 
as

 s
pe

ci
m

en
s 

of
 a

li 
sp

ec
ie

s 
lis

te
d 

in 
Ta

bl
e 

10
 m

ay
 b

e 
di

sp
er

se
d 

ou
ts

id
e 

of
 th

e 
st

ud
y 

ar
ea

 u
nd

am
ag

ed
 a

fte
r b

ei
ng

 w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s 

of 
th

e 
tra

wl
, e

.g
. a

t t
he

 m
om

en
t w

he
n 

th
e 

tra
w

ls 
w

er
e 

ha
ul

ed
 o

nb
oa

rd
. I

t i
s a

ss
um

ed
 th

at
, f

or
 in

ve
rte

br
at

es
, t

he
 

m
or

tal
ity

 a
m

on
g 

th
os

e 
an

im
al

s 
th

at
 w

er
e 

w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s, 

ap
pr

oa
ch

es
 t

he
 m

or
tal

ity
 i

n 
th

e 
di

sc
ar

d 
(F

O
N

D
S,
 t

hi
s 

EC
-F

AR
 r

ep
or

t).
 A

 m
in

im
um

 n
on

-c
at

ch
 m

or
tal

ity
 (

in 
ca

se
 a

li 
m

iss
in

g 
an

im
al

s 
ar

e 
w

as
he

d 
th

ro
ug

h 
th

e 
m

es
he

s)
 c

an
 th

er
ef

or
e 

be
 e

sti
m

at
ed

 b
y 

m
ul

tip
ly

in
g 

th
e 

pe
rc

en
ta

ge
 m

iss
in

g 
an

im
al

s 
by

 
th

e 
m

or
tal

ity
 e

st
im

at
e 

in 
di

sc
ar

d.
 If

 s
pe

ci
es

 a
re

 s
m

al
l (

i.e
. c

om
m

on
ly

 fo
un

d 
in 

fin
e 

m
es

he
d 

sa
m

pl
in

g 
ge

ar
 b

ut
 

no
t 

in 
th

e 
tra

w
ls)

, 
it 

is 
as

su
m

ed
 t

ha
t 

th
is 

di
sp

er
sio

n 
pl

ay
s 

on
ly
 a
 m

in
or
 r

ol
e. 

Th
es

e 
sm

al
l 

an
im

al
s 

pa
ss

 
th

ro
ug

h 
th

e 
m

es
he

s 
im

m
ed

ia
te

ly
, w

hi
le 

th
e 

tra
w

l i
s 

sti
ll 

on
 th

e 
stu

dy
 a

ro
a.
 A

iso
 in

 th
e 

la
rg

e 
bi

va
lv

es
 A

rc
tic

a 
isl

an
di

ca
 a

nd
 A

ca
nt

ho
ca

rd
ia
 e

ch
in

at
a,
 d

isp
er

sio
n 

pr
ob

ab
ly
 p

la
ys

 a
 m

in
or
 r

ol
e, 

be
ca

us
e 

th
es

e 
sp

ec
ie

s 
ar

e 
to

o 
la

rg
e 

to
 b

e 
w

as
he

d 
th

ro
ug

h 
th

e 
m

es
he

s 
in 

th
e 

co
d-

en
d 

of
 th

e 
tra

w
ls.

Th
e 

m
in

im
um

 n
on

-c
at

ch
 m

or
tal

ity
 o

f t
ho

se
 s

pe
ci

es
 m

en
tio

ne
d 

in 
Ta

bl
e 

10
 th

at
 m

ay
 s

ho
w

 s
uc

h 
di

sp
er

sio
n,

 
is 

es
tim

at
ed

 a
s 

1%
 f

or
 A

st
er

ia
s 

ru
be

ns
, 

1%
 f

or
 A

st
ro

pe
ct

en
 ir

re
gu

la
ris

, 
8%

 a
nd
 1

%
 f

or
 l

ar
ge
 a

nd
 s

m
all

 
O

ph
iu

ra
 t

ex
tu

ra
ta

, 
25

%
 f

or
 m

al
e 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s 

an
d 

0.
5%

 f
or
 A

ph
ro

di
ta
 a

cu
le

at
a.
 F

or
 t

he
 t

wo
 

sp
ec

ie
s 

th
at

 w
er

e 
sa

m
pl

ed
 w

ith
 th

e 
3-

m
 b

ea
m

 tr
aw

l, 
A

st
er

ia
s 

ru
be

ns
 a

nd
 O

ph
iu

ra
 t

ex
tu

ra
ta

, 
it 

is 
as

su
m

ed
 

th
at
 m

os
t 

of
 th

e 
m

iss
in

g 
an

im
al

s 
w

er
e 

di
sp

er
se

d 
ou

tsi
de

 th
e 

st
ud

y 
ar

ea
, 

as
 th

e 
ti-

sa
m

pl
in

g 
wi

th
 th

is 
ge

ar
 

to
ok

 p
la

ce
 a

lm
os

t i
m

m
ed

ia
te

ly
 a

fte
r t

ra
w

lin
g 

an
d 

it 
is 

un
lik

ely
 th

at
 h

ig
h 

nu
m

be
rs
 o

f d
am

ag
ed

 a
ni

m
al

s 
w

er
e 

co
ns

um
ed

 in
 th

is 
sh

or
t 

pe
rio

d.
 T

he
re

fo
re

, t
he

 n
on

-c
at

ch
 m

or
tal

ity
 fo

r t
he

se
 tw

o 
sp

ec
ie

s 
is 

as
su

m
ed

 to
 b

e 
lit

tle
 m

or
e 

th
an

 th
e 

m
in

im
um

 e
st

im
at

e.
 T

he
 f

ou
nd

 in
di

ca
tio

n 
(in

 th
e 

co
m

pa
ris

on
 o

f t
he

 f
ou

nd
 a

nd
 e

xp
ec

te
d 

ca
tc

h 
m

or
tal

ity
 a

fte
r t

ra
w

lin
g 

th
e 

ar
ea

 tw
ic

e, 
Ta

bl
e 

9)
, t

ha
t i

n 
A

st
er

ia
s 

ru
be

ns
 n

o 
em

ig
ra

tio
n 

ha
s 

ta
ke

n 
pl

ac
e, 

w
hi

ch
 c

on
tra

di
ct

s 
th

is 
as

su
m

pt
io

n,
 

is 
pr

ob
ab

ly
 e

rra
tic

. 
As
 t

he
 o

th
er
 s

pe
ci

es
, 

A
st

ro
pe

ct
en
 i

rre
gu

lar
is,

 
C

or
ys

te
s 

ca
ss

iv
el

au
nu

s 
(m

al
e)
 a

nd
 A

ph
ro

di
te
 a

cu
le

at
a,
 w

er
e 

sa
m

pl
ed

 w
ith

 t
he

 T
rip

le-
D 

(o
f 

w
hi

ch
 t

he
 t
r 

sa
m

pl
in

g 
to

ok
 p

la
ce

 m
or

e 
th

an
 1

2 
ho

ur
s 

af
te

r t
ra

w
lin

g)
, t

he
 n

on
-c

at
ch

 m
or

ta
lit

y 
is 

es
tim

at
ed

 a
s 

be
tw

ee
n 

th
is 

m
in

im
um

 e
st

im
at

e 
an

d 
th

e 
pe

rc
en

ta
ge

 m
iss

in
g 

an
im

al
s 

(i.
e. 

ali
 m

iss
in

g 
an

im
al

s 
ar

e 
ki

lle
d 

on
 th

e 
st

ud
y 

ar
ea

, 
an

d 
ha

ve
 b

ee
n 

co
ns

um
ed

).
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N
on

-c
at

ch
 m

or
tal

ity
 m

ay
 b

e 
un

de
re

sti
m

at
ed

, w
he

n 
an

im
al

s 
th

at
 w

er
e 

da
m

ag
ed

 o
r e

xp
os

ed
 d

ue
 to

 tr
aw

lin
g 

w
er

e 
no

t y
et
 c

on
su

m
ed

 d
ur

in
g 

th
e 

ti-
sa

m
pl

in
g 

(w
ith

in
 2

4 
ho

ur
s 

af
te

r t
ra

w
lin

g)
. A

li 
da

m
ag

ed
 a

ni
m

al
s 

in 
th

e 
ca

tc
h 

w
er

e 
co

un
te

d 
as

 a
liv

e, 
as

 th
es

e 
co

ul
d 

be
 d

am
ag

ed
 a

iso
 b

y 
th

e 
sa

m
pl

in
g 

ge
ar

 it
se

lf 
(th

is 
be

ca
m

e 
cl

ea
r 

in 
th

e 
ini

tia
l 

sa
m

pl
in

g)
. 

It 
is 

no
t 

cl
ea

r, 
to
 w

ha
t 

ex
te

nt
 t

hi
s 

pr
ob

le
m
 f

ig
ur

es
 i

n 
th

e 
es

tim
at

es
 o

f 
no

n-
ca

tc
h 

m
or

tal
ity

, i
.e.

 to
 w

ha
t e

xt
en

d 
da

m
ag

ed
 o

r e
xp

os
ed

 a
ni

m
al

s 
ha

ve
 n

ot
 b

ee
n 

co
ns

um
ed

 b
ef

or
e 

tr
sa

m
pl

in
g.
 In

 
a 

sim
ila

r s
tu

dy
 in

 th
e 

Du
tch

 c
oa

st
al

 z
on

e 
(B

er
gm

an
 &

 v
an

 S
an

tb
rin

k,
 th

is 
EC

-F
AR

 r
ep

or
t),
 it

 w
as

 fo
un

d 
th

at
 

12
 to

 2
3%

 o
f t

he
 in

iti
al 

de
ns

ity
 o

f S
pi

su
la

 s
ub

tru
nc

at
a 

th
at

 w
as

 d
am

ag
ed

 b
y 

tra
w

lin
g,

 w
as

 n
ot

 y
et

 c
on

su
m

ed
 

24
 h

ou
r 

la
te

r. 
An

 u
nd

er
es

tim
at

io
n 

is 
m

or
e 

lik
ely

 to
 o

cc
ur

 in
 s

pe
ci

es
 th

at
 w

er
e 

sa
m

pl
ed

 w
ith

 t
he

 3
-m

 b
ea

m
 

tra
w

l, 
as

 s
am

pl
in

g 
wi

th
 th

is 
ge

ar
 to

ok
 p

la
ce

 i
m

m
ed

ia
te

ly
 a

fte
r t

ra
wl

in
g.
 I

n 
m

os
t 

of
 th

es
e 

sp
ec

ie
s, 

ho
w

ev
er

, 
th

is 
pr

ob
le

m
 i

s 
as

su
m

ed
 t

o 
be

 o
f 

m
in

or
 i

m
po

rta
nc

e:
 s

ta
rfi

sh
 e

.g
. 

ar
e 

lit
tle
 v

ul
ne

ra
bl

e,
 a

nd
 m

or
eo

ve
r 

ar
e 

ca
pa

bl
e 

to
 r

eg
en

er
at

e.
 O

nl
y 

of
 E

up
ag

ur
us
 b

er
nh

ar
du

s, 
th

e 
no

n-
ca

tc
h 

m
or

ta
lit

y 
m

ay
 h

av
e 

be
en
 u

nd
er

­
es

tim
at

ed
 d

ue
 to

 th
is 

pr
ob

le
m

.
Th

e 
no

n-
ca

tc
h 

m
or

tal
ity
 o

f 
Ec

hi
no

ca
rd

iu
m
 c

or
da

tu
m
 c

ou
ld
 n

ot
 b

e 
es

tim
at

ed
. 

H
ow

ev
er

, 
as
 t

hi
s 

is 
an

 
ex

tre
m

el
y 

fra
gi

le
 s

pe
ci

es
, 

it 
is 

lik
ely

 th
at
 a

li 
sp

ec
im

en
s 

ca
ug

ht
 in

 th
e 

tra
w

ls,
 o

r 
hi

t b
y 

th
e 

tic
kl

er
 c

ha
in

s, 
di

d 
no

t s
ur

vi
ve

. T
he

re
fo

re
, t

ot
al

 m
or

tal
ity

 c
an

 b
e 

di
re

ct
ly

 e
sti

m
at

ed
 fr

om
 th

e 
de

cr
ea

se
 in

 d
en

si
ty

 fo
un

d 
in 

th
e 

bo
x 

co
re

r 
sa

m
pl

in
g 

(s
ho

w
in

g 
a 

no
n 

sig
ni

fic
an

t 
de

cr
ea

se
 

of
 

6%
). 

As
 

th
e 

m
aj

or
ity
 

of
 

la
rg

e 
an

im
al

s 
of 

Ec
hi

no
ca

rd
iu

m
 c

or
da

tu
m
 li

ve
d 

at
 a

 d
ep

th
 o

f 
ov

er
 5

 c
m
 (

as
 w

as
 o

bs
er

ve
d 

in 
th

e 
bo

x 
co

re
r 

sa
m

pl
es

), 
th

is 
sp

ec
ie

s 
pr

ob
ab

ly
 b

ur
ro

w
s t

oo
 d

ee
p 

to
 b

e 
re

ac
he

d 
by

 th
e 

tic
kl

er
 c

ha
in

s. 
Th

e 
sa

m
e 

co
nc

lu
sio

n 
w

as
 d

ra
w

n 
in 

a 
pr

ev
io

us
 s

tu
dy

 o
n 

sa
nd

y 
se

di
m

en
ts
 (

Be
rg

m
an
 &
 H

up
, 

19
92

). 
A 

lik
ely

 e
xp

la
na

tio
n 

fo
r 

th
e 

co
ns

id
er

ab
le

 
de

cr
ea

se
 i

n 
de

ns
ity

 (
86

%
) 

th
at
 w

as
 f

ou
nd
 i

n 
th

e 
Tr

ip
le-

D 
sa

m
pl

in
g,
 m

ay
 b

e 
fo

un
d 

in 
th

e 
lim

ite
d 

wo
rk

in
g 

de
pt

h 
(1

0 
cm

) 
of

 th
is 

ge
ar

. 
In

 th
is 

ge
ar

, o
nl

y 
th

e 
an

im
al

s 
liv

ing
 in

 th
e 

up
pe

rm
os

t s
ed

im
en

t l
ay

er
 a

re
 c

au
gh

t, 
th

os
e 

th
at
 a

re
 l

ik
ely

 to
 b

e 
hi

t 
by

 th
e 

pa
ss

in
g 

tra
w

l. 
Th

is 
ex

pl
an

at
io

n 
is 

su
pp

or
te

d 
by

 th
e 

V
an
 V

ee
n 

gr
ab

 
sa

m
pl

es
, 

re
ac

hi
ng

 to
 a

 d
ep

th
 w

ell
 o

ve
r 

10
 c

m
 a

nd
 s

ho
w

in
g 

a 
m

uc
h 

hi
gh

er
 m

ea
n 

de
ns

ity
 e

st
im

at
e 

th
an

 th
e 

Tr
ip

le-
D 

sa
m

pl
es

. 
In 

co
nc

lu
sio

n,
 m

or
tal

ity
 o

f 
E.
 c

or
da

tu
m
 d

ue
 t

o 
tra

w
lin

g 
is 

hi
gh

ly
 d

ep
en

de
nt
 o

n 
th

e 
bu

rro
w

in
g 

de
pt

h 
of
 th

e 
an

im
al

s. 
Th

er
ef

or
e,
 t

he
 r

es
ul

ts 
of
 th

is 
st

ud
y 

ca
n 

no
t 

be
 e

xt
ra

po
la

te
d,
 a

s 
th

e 
m

ea
n 

bu
rro

w
in

g 
de

pt
h 

de
pe

nd
s 

on
 lo

ca
tio

n 
(e

.g
. t

yp
e 

of
 s

ed
im

en
t),

 s
ea

so
n,

 a
nd

 s
iz

e 
of

 th
e 

an
im

al
s.

Ai
so

 C
al

lia
na

ss
a 

sp
., 

a 
sm

al
l f

ra
gi

le
 c

ru
st

ac
ea

n 
sp

ec
ie

s, 
is 

kn
ow

n 
to
 li

ve
 d

ee
p 

in
to

 th
e 

se
di

m
en

t. 
As

 in
 th

is 
st

ud
y 

ha
rd

ly
 a

ny
 c

ha
ng

e 
in 

de
ns

ity
 w

as
 fo

un
d 

af
te

r t
ra

w
lin

g,
 it

 is
 li

ke
ly

 th
at

 a
iso

 th
is 

sp
ec

ie
s 

liv
es

 to
o 

de
ep

 to
 

be
 m

uc
h 

di
stu

rb
ed

 b
y 

tra
wl

in
g.

In 
m

ol
lu

sc
 s

pe
ci

es
, t

he
 n

on
-c

at
ch

 m
or

tal
ity

 s
ee

m
s 

to
 b

e 
re

la
te

d 
to
 th

e 
so

lid
ity

 o
f t

he
 s

he
ll.
 S

pe
ci

es
 w

ith
 

fra
gi

le
 s

he
lls

, s
uc

h 
as
 M

ac
tra

 c
or

all
in

a, 
A

br
a 

al
ba

, 
an

d 
Ph

ax
as

 p
el

lu
ci

du
s, 

sh
ow

 th
e 

hi
gh

es
t 

de
cr

ea
se

s 
in 

de
ns

ity
, 

w
he

re
as
 s

ol
id
 s

he
lle

d 
sp

ec
ie

s 
su

ch
 a

s 
A

po
rrh

ai
s 

pe
sp

el
ic

an
i, 

N
uc

ul
a 

sp
p.

, 
C

ha
m

el
ea
 g

all
in

a, 
D

os
in

ia
 lu

pi
nu

s 
an

d 
Co

rb
ul

a 
gi

bb
a 

se
em

 h
ar

dl
y 

af
fe

ct
ed

 b
y 

be
am

tra
w

lin
g.
 O

n 
th

e 
ot

he
r 

ha
nd

, 
siz

e 
of
 t

he
 

sp
ec

ie
s 

m
ay

 p
la

y 
a 

ro
le 

as
 w

ell
, a

s 
no

n-
ca

tc
h 

m
or

tal
ity

 in
 s

om
e 

sm
al

l a
nd

 fr
ag

ile
 s

pe
ci

es
 (

M
ys

el
la

 b
id

en
ta

ta
, 

Cy
lic

hn
a 

cy
lin

dr
ac

ea
) 

ap
pe

ar
ed

 to
 b

e 
re

m
ar

ka
bl

y 
lo

w.
 P

os
sib

ly
 th

es
e 

sp
ec

ie
s 

w
er

e 
m

er
el

y 
di

sp
la

ce
d 

by
 th

e 
tic

kl
er
 c

ha
in

s, 
al

th
ou

gh
 t

hi
s 

ex
pl

an
at

io
n 

al
on

e 
is 

in 
co

nt
ra

di
ct

io
n 

to
 t

he
 r

es
ul

t 
fo

un
d 

fo
r 

ju
ve

ni
le
 A

rc
tic

a 
isl

an
di

ca
.

Th
e 

tu
be

 d
we

lli
ng

 P
ec

tin
ar

ia
 s

p.
 w

as
 t

he
 m

os
t 

ab
un

da
nt
 a

nn
el

id
 s

pe
ci

es
 i

n 
th

e 
bo

x 
co

re
r 

sa
m

pl
in

g.
 I

t i
s 

re
m

ar
ka

bl
e 

th
at

, 
in 

th
e 

sa
m

pl
es

 ta
ke

n 
af

te
r t

ra
w

lin
g,
 a

n 
in

cr
ea

se
d 

pe
rc

en
ta

ge
 o

f a
ni

m
al

s 
th

at
 h

ad
 lo

st 
th

ei
r 

tu
be

 (
fro

m
 3

0%
 t

o 
48

%
) 

w
as
 f

ou
nd

. 
Th

is 
m

ay
 i

nd
ic

at
e, 

th
at
 s

om
e 

sp
ec

im
en

s 
ha

d 
lo

st 
th

ei
r 

tu
be

 d
ue

 to
 

tra
w

lin
g.
 A

s 
it 

is 
lik

ely
 th

at
 th

e 
su

rv
iv

al
 o

f t
he

se
 s

pe
ci

m
en

s 
w

as
 a

t 
le

as
t 

re
du

ce
d,
 t

he
 n

on
-c

at
ch
 m

or
tal

ity
 

es
tim

at
e 

(5
6%

), 
m

ig
ht

 b
e 

to
o 

low
.

4.3
. T

OT
AL

 M
OR

TA
LI

TY

Ca
tc

h 
m

or
tal

ity
 a

fte
r 

tra
w

lin
g 

th
e 

ar
ea
 o

nc
e,
 a

s 
we

ll 
as
 c

at
ch
 m

or
tal

ity
, 

no
n-

ca
tc

h 
m

or
tal

ity
 a

nd
 t

ot
al

 
m

or
tal

ity
 (i

.e.
 th

e 
su

m
 o

f c
at

ch
 m

or
tal

ity
 a

nd
 n

on
-c

at
ch

 m
or

tal
ity

) 
af

te
r t

ra
w

lin
g 

th
e 

ar
ea

 tw
ic

e, 
ar

e 
gi

ve
n 

in 
Ta

bl
e 

11
.

In 
ge

ne
ra

l, 
th

e 
ca

tc
h 

m
or

tal
ity
 a

fte
r 

tra
w

lin
g 

th
e 

ar
ea
 t

w
ice
 i

s 
hi

gh
er
 t

ha
n 

af
te

r 
tra

w
lin

g 
on

ce
. 

Th
e 

di
ffe

re
nc

e 
is 

th
e 

m
os

t 
pr

on
ou

nc
ed
 f

or
 d

ab
 a

nd
 s

om
e 

la
rg

e 
bu

rro
w

in
g 

sp
ec

ie
s, 

lik
e 

A
rc

tic
a 

isl
an

di
ca

, 
A

ca
nt

ho
ca

rd
ia
 e

ch
in

at
a 

an
d 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s. 

Fo
r 

th
es

e 
sp

ec
ie

s, 
im

m
ig

ra
tio

n 
of
 a

ni
m

al
s 

(d
ab

) 
or
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up
w

ar
d 

di
sp

la
ce

m
en

t 
(d

ug
 o

ut
 i

nf
au

na
) 

af
te

r 
th

e 
fir

st 
tra

w
lin

g 
m

ay
 h

av
e 

pl
ay

ed
 a

n 
im

po
rta

nt
 r

ol
e 

in 
th

is 
in

cr
ea

se
.

A
na

lo
gu

ou
s 

to
 th

e 
ca

tc
h 

m
or

tal
ity

, 
it 

is 
lik

ely
 th

at
 a

iso
 n

on
-c

at
ch

 m
or

tal
ity

 a
fte

r t
ra

w
lin

g 
th

e 
ar

ea
 tw

ice
 is

 
ge

ne
ra

lly
 h

ig
he

r t
ha

n 
af

te
r t

ra
w

lin
g 

on
ce

, a
nd

 m
ay

 b
e 

di
sp

ro
po

rti
on

at
el

y 
hi

gh
er

 fo
r 

im
m

ig
ra

tin
g 

or
 b

ur
ro

wi
ng

 
sp

ec
ie

s:
 o

f t
he

 f
irs

t, 
re

la
tiv

el
y 

m
or

e 
an

im
al

s 
ar

e 
af

fe
ct

ed
 in

 t
he

 s
ec

on
d 

tra
w

lin
g:
 o

f t
he

 s
ec

on
d 

(e
sp

ec
ia

lly
 

A
rc

tic
a 

isl
an

di
ca

, A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a 

an
d 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s)

, s
pe

ci
m

en
s 

du
g 

ou
t i

n 
th

e 
fir

st 
ha

ul
s 

ar
e 

m
or

e 
lik

ely
 to

 b
e 

da
m

ag
ed

 b
y 

th
e 

tic
kl

er
 c

ha
in

s 
du

rin
g 

th
e 

se
co

nd
 tr

aw
lin

g.
Th

is 
in

di
ca

te
s 

th
at
 f

or
 m

os
t s

pe
ci

es
, t

he
 to

ta
l 

m
or

ta
lit

ie
s 

af
te

r t
ra

w
lin

g 
tw

ic
e, 

as
 f

ou
nd

 in
 t

hi
s 

stu
dy

, 
ar

e 
hi

gh
er

 th
an

 a
fte

r t
ra

w
lin

g 
an

 a
re

a 
on

ce
. T

hi
s 

di
ffe

re
nc

e 
m

ay
 b

e 
co

ns
id

er
ab

le
 fo

r e
.g

. t
he

 s
pe

ci
es

 m
en

tio
ne

d 
ab

ov
e.

Th
e 

to
ta

l 
m

or
tal

ity
 e

st
im

at
e 

fo
r 

Eu
pa

gu
ru

s 
be

rn
ha

rd
us

 is
 u

nc
er

ta
in

, b
ec

au
se

 t
he

 c
at

ch
 m

or
tal

ity
 m

ay
 b

e 
ov

er
es

tim
at

ed
, w

hi
le 

th
e 

no
n-

ca
tc

h 
m

or
tal

ity
 m

ay
 b

e 
un

de
re

sti
m

at
ed

.
To

ta
l m

or
tal

ity
 c

ou
ld

 n
ot

 b
e 

de
te

rm
in

ed
 fo

r 7
0%

 o
f t

he
 fi

sh
 s

pe
ci

es
 th

at
 w

er
e 

fo
un

d,
 a

s 
we

ll 
as

 3
0%

 o
f t

he
 

ec
hi

no
de

rm
s, 

40
%

 o
f t

he
 m

ol
lu

sc
s 

an
d 

cr
us

ta
ce

an
s, 

an
d 

90
%

 o
f s

m
al

l a
nn

el
id

s 
an

d 
ot

he
r g

ro
up

s. 
M

os
t o

f 
th

es
e 

sp
ec

ie
s 

w
er

e 
ca

ug
ht

 in
 v

er
y 

lo
w 

nu
m

be
rs

.

4.
4.

 IN
DI

CA
TI

ON
S 

FO
R 

SC
AV

EN
GI

NG

Al
i c

ar
ni

vo
ro

us
 a

ni
m

al
s, 

th
at
 a

re
 p

re
se

nt
 i

n 
th

e 
st

ud
y 

ar
ea
 s

ho
rtl

y 
af

te
r 

tra
w

lin
g,
 c

an
 b

e 
co

ns
id

er
ed
 a

s 
po

te
nt

ia
l 

sc
av

en
ge

rs
 o

r 
pr

ed
at

or
s 

on
 a

ni
m

al
s 

th
at
 a

re
 d

am
ag

ed
 o

r 
ex

po
se

d 
by
 t

he
 t

ra
w

ls.
 I

n 
se

ve
ra

l 
ro

un
df

ish
 a

nd
 f

la
tfi

sh
 s

pe
ci

es
, 

as
 w

ell
 a

s 
in

ve
rte

br
at

es
, 

sc
av

en
gi

ng
 h

as
 b

ee
n 

de
sc

rib
ed
 (

e.g
. 

A
rn

tz
 &

 
W

eb
er

, 1
97

0;
 C

ad
dy

, 1
97

3;
 R

um
oh

r &
 K

ro
st

, 
19

91
 ; 

K
ai

se
r &

 S
pe

nc
er

, t
hi

s 
EC

-F
AR

 re
po

rt)
.

A 
di

re
ct
 i

nd
ic

ati
on
 f

or
 s

ca
ve

ng
in

g 
ca

n 
be
 f

ou
nd
 i

n 
th

e 
co

m
pa

ris
on
 o

f 
st

om
ac

h 
co

nt
en

ts 
of
 p

re
da

to
ry

 
an

im
al

s, 
th

at
 a

re
 c

au
gh

t 
in 

th
e 

st
ud

y 
ar

ea
 a

fte
r 

tra
wl

in
g,
 t

o 
st

om
ac

h 
co

nt
en

ts 
of
 a

ni
m

al
s 

ca
ug

ht
 i

n 
an

 
un

tra
w

le
d 

re
fe

re
nc

e 
ar

ea
 a

t t
he

 s
am

e 
tim

e. 
In 

th
is 

stu
dy

, s
ca

ve
ng

in
g 

is 
cl

ea
rly

 d
em

on
st

ra
te

d 
in 

da
b,
 a

s 
th

e 
w

ei
gh

t o
f t

he
 to

ta
l s

to
m

ac
hs

 c
on

te
nt

 o
f a

ni
m

al
s 

fro
m

 th
e 

tra
w

le
d 

ar
ea

 w
as
 h

ig
he

r, 
an

d 
th

e 
co

m
po

sit
io

n 
of 

pr
ey

 it
em

s 
ha

d 
ch

an
ge

d.
 F

ur
th

er
m

or
e,
 th

es
e 

st
om

ac
h 

co
nt

en
ts
 c

on
si

st
ed

 to
 a

 la
rg

e 
ex

te
nd

 o
f s

pe
ci

es
 th

at
 

w
er

e 
un

lik
ely

 to
 h

av
e 

no
rm

all
y 

fa
lle

n 
pr

ey
 to

 d
ab

, 
su

ch
 a

s 
A

rc
tic

a 
isl

an
di

ca
, 

A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a 

an
d 

la
rg

e 
cr

us
ta

ce
an

s.
Th

e 
ac

cu
m

ul
at

io
n 

of
 a

 p
re

da
to

ry
 s

pe
ci

es
 i

n 
a 

re
ce

nt
ly
 t

ra
w

le
d 

ar
ea

 c
an
 b

e 
co

ns
id

er
ed
 a

s 
an
 i

nd
ire

ct 
in

di
ca

tio
n 

fo
r 

sc
av

en
gi

ng
. 

In 
th

e 
3-

m
 b

ea
m

 tr
aw

l s
am

pl
in

g,
 a

 s
ig

ni
fic

an
t a

cc
um

ul
at

io
n 

of
 e

pi
fa

un
a 

sp
ec

ie
s 

(th
os

e 
sp

ec
ie

s 
th

at
 in

 th
e 

ini
tia

l s
am

pl
in

g 
ar

e 
ca

ug
ht
 in

 h
ig

he
r d

en
si

tie
s 

in 
th

e 
3-

m
 b

ea
m

 tr
aw

l t
ha

n 
in 

th
e 

Tr
ip

le-
D)

 is
 fo

un
d 

on
ly

 in
 d

ab
 (a

li 
si

ze
s 

> 
15

cm
) 

(T
ab

le
 8

a, 
Sto

t).
 I

n 
th

e 
Tr

ip
le-

D 
sa

m
pl

in
g,
 n

o 
in

di
ca

tio
ns

 fo
r 

ac
cu

m
ul

at
io

n 
w

er
e 

fo
un

d 
fo

r b
ur

ro
w

in
g 

sp
ec

ie
s.

It 
sh

ou
ld
 b

e 
no

te
d 

th
at

, 
as

 a
cc

um
ul

at
io

n 
of
 e

pi
be

nt
hi

c 
sp

ec
ie

s 
is 

es
tim

at
ed
 o

nl
y 

by
 s

am
pl

in
g 

wi
thi

n 
24

 
ho

ur
s 

af
te

r 
tra

w
lin

g,
 a

ny
 a

cc
um

ul
at

io
n 

af
te

r t
hi

s 
m

om
en

t 
(e

.g
. 

in 
slo

w
 m

ov
in

g 
sp

ec
ie

s 
su

ch
 a

s 
sta

rfi
sh

) 
re

m
ai

ne
d 

un
no

tic
ed

. A
iso

, s
ca

ve
ng

in
g 

be
ha

vi
ou

r c
an

no
t b

e 
ex

cl
ud

ed
 w

he
n 

a 
sp

ec
ie

s 
do

es
 n

ot
 ac

cu
m

ul
at

e.
Of

 a
 s

pe
ci

es
 th

at
 a

ct
 a

s 
sc

av
en

ge
r, 

th
e 

co
nt

rib
ut

io
n 

to
 th

e 
to

ta
l s

ca
ve

ng
in

g 
is 

de
pe

nd
in

g 
on

 th
e 

fe
ed

in
g 

ra
te

, t
he

 i
nit

ial
 d

en
sit

y,
 t

he
 p

er
ce

nt
ag

e 
of
 a

ni
m

al
s 

sti
ll 

pr
es

en
t 

on
 t

he
 a

re
a 

im
m

ed
ia

te
ly
 a

fte
r t

ra
wl

in
g,
 a

nd
 

th
e 

im
m

ig
ra

tio
n 

ra
te
 o

f a
ni

m
al

s 
in

to
 th

e 
tra

w
le

d 
ar

ea
. 

In 
th

is 
stu

dy
, t

he
 s

pe
ci

es
 d

ep
en

de
nt

 im
m

ig
ra

tio
n 

ra
te

 
ca

n 
be

 c
al

cu
la

te
d 

fro
m

 th
e 

3-
m
 b

ea
m

 tr
aw

l s
am

pl
in

g,
 a

s 
th

e 
in

cr
ea

se
 in

 d
en

si
ty

 in
 t

he
 i

nt
er

va
l b

et
w

ee
n 

t-| 
an

d 
t2 

pr
op

or
tio

na
l t

o 
th

e 
ini

tia
l d

en
sit

y.
 It

 w
as

 a
ss

um
ed

, t
ha

t t
hi

s 
in

iti
al 

de
ns

ity
 w

as
 s

im
ila

r t
o 

th
e 

de
ns

ity
 ju

st 
ou

tsi
de
 t

he
 a

re
a 

du
rin

g 
ti 

an
d 

t2
 s

am
pl

in
g.
 T

he
 h

ig
he

st 
im

m
ig

ra
tio

n 
ra

te
 w

as
 f

ou
nd
 f

or
 >

0 
gr

ou
p 

da
b 

sh
ow

in
g 

a 
si

ze
 d

ep
en

de
nt

 tr
en

d,
 r

an
gi

ng
 f

ro
m
 8

2%
 (

sp
ec

im
en

s 
<1

3c
m

) 
to
 3

57
%
 (

>1
9 

cm
). 

Be
sid

es
 t

he
 

la
rg

es
t s

iz
ed

 a
ni

m
al

s 
(1

02
%

), 
ali

 o
th

er
 si

ze
 c

la
ss

es
 o

f p
la

ic
e 

sh
ow

ed
 a

 im
m

ig
ra

tio
n 

ra
te

 o
f 5

0-
60

%
, j

us
t l

ike
 

A
rn

og
lo

ss
us

 la
te

rn
a.
 O

f a
li 

in
ve

rte
br

at
e 

sp
ec

ie
s, 

th
e 

im
m

ig
ra

tio
n 

ra
te
 o

f o
nl

y 
Eu

pa
gu

ru
s 

be
rn

ha
rd

us
 w

as
 in

 
a 

sa
m

e 
or

de
r o

f m
ag

ni
tu

de
 (

65
%

), 
th

e 
ot

he
r s

pe
ci

es
 s

ho
w

in
g 

co
ns

id
er

ab
ly

 lo
w

er
 im

m
ig

ra
tio

n 
ra

te
s 

(A
ste

ria
s 

ru
be

ns
 <

23
%

, 
O

ph
iu

ra
 t

ex
tu

ra
ta

 3
%

, 
C

ra
ng

on
 a

ltm
an

i 2
6%

). 
Th

es
e 

re
la

tiv
e 

di
ff

er
en

ce
s 

in 
im

m
ig

ra
tio

n 
ra

te
 

be
tw

ee
n 

sp
ec

ie
s 

m
ay

 a
iso

 a
pp

ea
r i

n 
ot

he
r a

re
as

 u
nd

er
 si

m
ila

r c
on

di
tio

ns
 (

e.
g.

 te
m

pe
ra

tu
re

, s
ea

so
n,

 b
ot

to
m

 
ty

pe
), 

ho
w

ev
er

, 
th

is 
ha

s 
ye

t 
to
 b

e 
es

ta
bl

is
he

d 
in 

fu
tu

re
 s

tu
di

es
. 

As
 t

he
 p

os
sib

le
 f

ee
di

ng
 r

at
e 

of
 t

he
se

15
9



im
m

ig
ra

tin
g 

sp
ec

ie
s 

is 
un

kn
ow

n,
 n

o 
co

nc
lu

sio
ns

 c
an

 b
e 

dr
aw

n 
on

 th
e 

co
nt

rib
ut

io
n 

of
 th

es
e 

sp
ec

ie
s 

to
 to

tal
 

sc
av

en
gi

ng
.

Sc
av

en
gi

ng
 a

ni
m

al
s 

no
t o

nl
y 

fe
ed

 o
n 

an
im

al
s 

th
at

 a
re

 e
xp

os
ed

 o
r d

am
ag

ed
 in

 th
e 

tra
w

l t
ra

ck
, b

ut
 a

iso
 o

n 
da

m
ag

ed
 o

r k
ill

ed
 a

ni
m

al
s 

th
at
 a

re
 d

is
ca

rd
ed

 to
 th

e 
se

a.
 O

bv
io

us
ly

, t
he

 r
el

at
iv

e 
pa

rti
ci

pa
tio

n 
of

 s
ca

ve
ng

in
g 

sp
ec

ie
s 

m
ay

 d
iff

er
 in

 th
es

e 
tw

o 
sit

ua
tio

ns
. 

Fo
r e

xa
m

pl
e,
 r

eg
ar

di
ng

 th
e 

re
la

tiv
el

y 
lo

w 
m

ig
ra

tio
n 

ra
te

, t
he

 r
ol

e 
of
 A

st
er

ia
s 

ru
be

ns
 a

s 
sc

av
en

ge
r o

n 
a 

re
ce

nt
ly

 tr
aw

le
d 

ar
ea

 m
ay

 n
ot
 b

e 
th

at
 l

ar
ge

, 
ho

w
ev

er
 r

eg
ar

di
ng

 th
e 

hi
gh
 s

ur
vi

va
l 

of
 s

ta
rfi

sh
 t

ha
t 

ar
e 

di
sc

ar
de

d 
by

 t
he

 t
ra

w
le

r, 
sta

rfi
sh
 m

ay
 p

la
y 

a 
m

or
e 

pr
om

in
en

t 
ro

le 
as

 
sc

av
en

ge
r o

n 
ot

he
r d

is
ca

rd
ed

 (d
ea

d)
 a

ni
m

al
s.

4.5
. P

EN
ET

RA
TI

ON
 D

EP
TH

 O
F 

TH
E 

12
-M

 B
EA

M
 T

RA
W

L

W
he

n 
af

te
r 

tra
w

lin
g,
 n

em
at

od
es
 d

o 
no

t 
se

ttl
e 

sim
ul

ta
nu

ou
sly

 w
ith

 t
he

 r
es

us
pe

nd
ed

 s
ed

im
en

t, 
th

ei
r 

de
pt

h 
fre

qu
en

cy
 d

ist
rib

ut
io

n 
wi

ll 
ch

an
ge

. 
In 

th
is 

stu
dy

, 
m

ea
n 

de
ns

ity
 o

f 
ne

m
at

od
es
 i

n 
th

e 
up

pe
r 

3 
cm

 o
f 

th
e 

se
di

m
en

t 
in 

th
e 

tra
w

l t
ra

ck
 c

le
ar

ly
 d

iff
er

ed
 fr

om
 in

 th
e 

un
tra

w
le

d 
se

ab
ed

. A
ss

um
in

g 
a 

sim
ila

r d
ist

rib
ut

io
n 

in 
de

ns
iti

es
 a

t b
ot

h 
si

te
s, 

th
is 

di
ffe

re
nc

e 
m

ay
 b

e 
ca

us
ed

 b
y 

th
e 

tra
w

lin
g.
 A

 n
um

be
r o

f 
un

ce
rta

in
tie

s 
ha

m
pe

r a
n 

ex
ac

t  e
st

im
at

e 
of

 th
e 

pe
ne

tra
tio

n 
de

pt
h.
 A

s t
he

 s
am

pl
es

 w
er

e 
ta

ke
n 

17
 h

ou
rs
 a

fte
r t

ra
w

lin
g,

 th
e 

ne
m

at
od

es
 

co
ul

d 
ha

ve
 r

ee
nt

er
ed

 th
e 

de
ep

es
t s

ec
tio

n 
of
 n

ew
ly

 s
et

tle
d 

se
di

m
en

t, 
le

ad
in

g 
to
 a

n 
un

de
re

sti
m

at
io

n 
of 

th
e 

pe
ne

tra
tio

n 
de

pt
h.
 F

ur
th

er
m

or
e,
 t

he
 a

bs
en

ce
 o

f 
a 

re
fe

re
nc

e 
st

ra
tu

m
 in

 th
e 

se
di

m
en

t m
ad

e 
it 

im
po

ss
ib

le
 to

 
es

tim
at

e 
w

he
th

er
 a

 la
ye

r o
f s

ed
im

en
t w

as
 d

is
pe

rs
ed

 in
 th

e 
w

at
er

 c
ol

um
n,
 le

ad
in

g 
to
 a

n 
un

de
re

sti
m

at
io

n,
 o

r 
an

 e
xt

ra
 th

ic
k 

la
ye

r s
et

tle
d,
 l

ea
di

ng
 to

 a
 o

ve
re

sti
m

at
io

n 
of
 t

he
 p

en
et

ra
tio

n 
de

pt
h.
 U

sin
g 

a 
sim

ila
r 

m
et

ho
d,

 
pe

ne
tra

tio
n 

de
pt

h 
in 

a 
fin

e 
sa

nd
y 

ar
ea

 w
as

 e
st

im
at

ed
 a

t 
ab

ou
t 5

 c
m
 (

La
ba

n 
& 

Li
nd

eb
oo

m
, 

19
91

). 
H

ow
ev

er
, 

ai
so

 in
 th

at
 s

tu
dy

, t
he

 p
en

et
ra

tio
n 

de
pt

h 
co

ul
d 

no
t b

e 
es

tim
at

ed
 e

xa
ct

ly
, d

ue
 to

 th
e 

ab
se

nc
e 

of
 a

 r
ef

er
en

ce
 

str
at

um
. 

In 
th

e 
pr

es
en

t s
tu

dy
, t

he
 p

re
se

nc
e 

of
 in

fa
un

a 
sp

ec
ie

s 
in 

th
e 

tra
w

ls,
 a

nd
 th

e 
de

cr
ea

se
d 

de
ns

iti
es

 o
f 

ot
he

r i
nf

au
na

 s
pe

ci
es

 a
fte

r t
ra

wl
in

g,
 in

di
ca

te
s t

ha
t t

he
 p

en
et

ra
tio

n 
de

pt
h 

w
as

 a
pp

ro
xi

m
at

el
y 

2 
to

 4
 cm

.

5.
 C

O
N

CL
U

SI
O

NS

Th
e 

fo
llo

wi
ng

 c
on

cl
us

io
ns
 o

n 
th

e 
to

ta
l 

m
or

tal
ity

 o
f 

be
nt

hi
c 

fa
un

a,
 d

ue
 t

o 
tra

w
lin

g 
an
 a

re
a 

tw
ic

e 
wi

th
 1

2m
 

be
am

 tr
aw

ls,
 c

an
 b

e 
dr

aw
n 

fro
m

 th
is 

stu
dy

:
To

ta
l m

or
tal

ity
 c

ou
ld

 o
nl

y 
be

 e
st

im
at

ed
 fo

r t
hr

ee
 fl

atf
ish

 s
pe

ci
es

, A
rn

og
lo

ss
us

 la
te

rn
a,
 d

ab
 a

nd
 p

la
ic

e, 
an

d 
ap

pe
ar

ed
 to

 v
ar

y 
co

ns
id

er
ab

ly
 b

et
w

ee
n 

sp
ec

ie
s 

an
d 

si
ze

 c
la

ss
es

 (
4-

13
9%

 o
f t

he
 n

um
be

rs
 in

iti
all

y 
pr

es
en

t i
n 

th
e  

ar
ea

). 
V

al
ue

s 
ov

er
 1

00
%

 a
re

 d
ue

 to
 a

ni
m

al
s 

m
ov

in
g 

in
to

 th
e 

tra
w

le
d 

ar
ea

. T
ot

al
 m

or
tal

ity
 a

pp
ea

re
d 

to
 b

e 
si

ze
 d

ep
en

de
nt

. 
It 

sh
ou

ld
 b

e 
st

re
ss

ed
, t

ha
t t

ot
al
 m

or
tal

ity
 o

f f
ish

 m
ay

 b
e 

un
de

re
sti

m
at

ed
, 

as
 th

e 
no

n-
ca

tc
h 

m
or

tal
ity

 c
ou

ld
 n

ot
 b

e 
es

tim
at

ed
.

To
ta

l m
or

tal
ity

 o
f t

he
 e

ch
in

od
er

m
 s

pe
ci

es
, w

as
 g

en
er

al
ly

 lo
w 

(3
-1

9%
). 

Th
es

e 
sp

ec
ie

s 
ap

pe
ar

ed
 to

 b
e 

litt
le 

vu
ln

er
ab

le
 (

A
st

er
ia

s 
ru

be
ns

, 
A

str
op

ec
te

n 
irr

eg
ul

ar
is,
 A

m
ph

iu
ra
 fi

lif
or

mi
s, 

O
ph

iu
ra
 t

ex
tu

ra
ta

), 
or

 li
ve

d 
ou

t 
of 

re
ac

h 
of

 th
e 

tra
w

ls 
(E

ch
in

oc
ar

di
um

 c
or

da
tu

m
).

Th
e 

m
ol

lu
sc
 s

pe
ci

es
, 

C
ha

m
el

ea
 g

al
lin

a, 
Co

rb
ul

a 
gi

bb
a, 

N
uc

ul
a 

sp
p.

, 
M

ys
el

la
 b

id
en

ta
ta

, 
D

os
in

ia
 l

up
in

us
 

an
d 

A
pp

or
ha

is 
pe

sp
el

ic
an

i, 
w

er
e 

no
t 

af
fe

ct
ed

 b
y 

tra
wl

in
g.
 T

he
se

 s
pe

ci
es

 w
er

e 
ei

th
er

 s
ol

id
 s

he
lle

d 
or
 v

er
y 

sm
al

l. 
To

ta
l 

m
or

tal
ity

 o
f 

A
br

a 
al

ba
, 

M
ac

tra
 c

or
al

lin
a, 

Ph
ax

as
 p

el
lu

ci
du

s, 
M

ys
ia
 u

nd
at

a,
 E

ns
is 

en
sis

. 
G

ar
i 

fe
rv

en
sis

, A
rc

tic
a 

isl
an

di
ca

, A
ca

nt
ho

ca
rd

ia
 e

ch
in

at
a 

an
d 

Tu
rri

tel
la 

co
m

m
un

is 
va

rie
d 

be
tw

ee
n 

12
%

 a
nd

 8
5%

, 
an

d 
is 

co
ns

id
er

ed
 t

o 
be

 a
 d

ire
ct
 e

ffe
ct
 o

f 
th

e 
pa

ss
ag

e 
of
 t

ic
kl

er
 c

ha
in

s, 
w

hi
ch
 d

am
ag

ed
 t

he
 a

ni
m

al
s 

or
 

ex
po

se
d 

th
em

 to
 s

ca
ve

ng
er

s. 
Th

e 
m

os
t f

ra
gi

le
 s

pe
ci

es
 s

ho
w

ed
 th

e 
hi

gh
es

t m
or

tal
ity

.
To

ta
l m

or
tal

ity
 o

f t
he

 b
ur

ro
w

in
g 

cr
us

ta
ce

an
 s

pe
ci

es
 C

al
lia

na
ss

a 
sp

. i
s 

ve
ry

 lo
w 

(4
%

), 
as

 it
 li

ve
s t

oo
 d

ee
p 

to
 

be
 d

ist
ur

be
d.
 C

or
ys

te
s 

ca
ss

iv
el

au
nu

s 
an

d 
Eb

al
ia
 s

pp
. 

sh
ow

ed
 a
 m

or
tal

ity
 o

f 
ap

pr
ox

im
at

el
y 

30
%

. 
To

tal
 

m
or

tal
ity

 o
f 

Eu
pa

gu
ru

s 
be

rn
ha

rd
us

 s
ho

w
ed

 a
 r

em
ar

ka
bl

e 
si

ze
 d

ep
en

de
nc

e:
 1

5%
 d

ue
 to

 c
at

ch
 m

or
tal

ity
 fo

r 
la

rg
e 

an
im

al
s 

an
d 

74
%

 d
ue

 to
 n

on
-c

at
ch

 m
or

tal
ity

 fo
r s

m
al

l a
ni

m
al

s.
In 

ge
ne

ra
l, 

th
e 

to
ta

l m
or

tal
ity

 o
f a

nn
el

id
 s

pe
ci

es
 w

as
 lo

w 
(<

1-
14

%
). 

On
ly

 th
e 

fra
gi

le
 tu

be
 d

we
lli

ng
 s

pe
ci

es
 

Pe
ct

in
ar

ia
 sp

. w
as

 se
rio

us
ly

 a
ffe

ct
ed

 (5
6%

). 
So

m
e 

an
th

oz
oa

ns
 w

er
e 

ai
so

 c
le

ar
ly

 a
ffe

ct
ed

.
It 

sh
ou

ld
 b

e 
no

te
d,
 th

at
 fo

r m
os

t s
pe

ci
es

, t
he

 to
ta

l 
m

or
tal

ity
 a

fte
r t

ra
w

lin
g 

th
e 

ar
ea

 tw
ic

e, 
as

 f
ou

nd
 in

 th
is 

stu
dy

, i
s g

en
er

al
ly

 h
ig

he
r t

ha
n 

af
te

r t
ra

w
lin

g 
on

ce
. T

hi
s 

di
ffe

re
nc

e 
m

ay
 b

e 
co

ns
id

er
ab

le
 fo

r i
m

m
ig

ra
tin

g 
(e

.g
.
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da
b)
 o

r 
- 

in 
pa

rti
cu

la
rly

 la
rg

e 
- 

bu
rro

w
in

g 
sp

ec
ie

s 
(A

ca
nt

ho
ca

rd
ia
 e

ch
in

at
a, 

A
rc

tic
a 

isl
an

di
ca

 a
nd
 C

or
ys

te
s 

ca
ss

iv
el

au
nu

s)
.

Th
e 

de
ep

 d
ig

gi
ng

 d
re

dg
e 

(T
rip

le-
D)

, w
hi

ch
 w

as
 d

ev
el

op
ed

 d
ur

in
g 

th
e 

IM
PA

CT
-1
 p

ro
je

ct
, a

pp
ea

re
d 

to
 b

e 
a 

va
lu

ab
le

 to
ol
 i

n 
th

is 
ef

fe
ct
 s

tu
dy

. 
W

ith
ou

t t
he

 T
rip

le-
D,

 m
or

tal
ity

 e
st

im
at

es
 c

ou
ld
 o

nl
y 

ha
ve

 b
ee

n 
m

ad
e 

fo
r 

ha
lf 

of
 th

e 
nu

m
be

r o
f s

pe
ci

es
.

N
on

e 
of
 t

he
 c

ar
ni

vo
ro

us
 s

pe
ci

es
 p

re
se

nt
 in

 t
he

 s
tu

dy
 a

re
a 

af
te

r 
tra

wl
in

g 
co

ul
d 

be
 e

xc
lu

de
d 

as
 p

ot
en

tia
l 

sc
av

en
ge

r o
r p

re
da

to
r o

n 
ex

po
se

d 
in

fa
un

a. 
In

 th
is 

stu
dy

, s
to

m
ac

h 
co

nt
en

ts 
an

d 
im

m
ig

ra
tio

n 
be

ha
vi

ou
r a

fte
r 

tra
w

lin
g 

sh
ow

ed
 t

ha
t 

da
b 

(>
 0

-g
ro

up
) 

m
ay
 b

e 
co

ns
id

er
ed
 a

s 
th

e 
pr

ed
om

in
an

t 
sc

av
en

ge
r 

on
 a
 r

ec
en

tly
 

tra
w

le
d 

se
ab

ed
.

Th
e 

ch
an

ge
 i

n 
de

pt
h 

fre
qu

en
cy
 d

ist
rib

ut
io

n 
of
 n

em
at

od
es
 w

as
 n

ot
 a
 s

ui
ta

bl
e 

pa
ra

m
et

er
 t

o 
ac

cu
ra

te
ly

 
m

ea
su

re
 th

e 
pe

ne
tra

tio
n 

de
pt

h 
of

 th
e 

12
-m

 b
ea

m
 t

ra
wl

. 
H

ow
ev

er
, t

he
 p

re
se

nc
e 

of
 i

nf
au

na
 s

pe
ci

es
 in

 t
he

 
tra

w
ls,
 a

nd
 t

he
 d

ec
re

as
ed

 d
en

sit
ie

s 
of
 in

fa
un

a 
sp

ec
ie

s 
af

te
r t

ra
wl

in
g,
 i

nd
ic

at
ed

 th
at
 th

e 
pe

ne
tra

tio
n 

de
pt

h 
w

as
 a

pp
ro

xi
m

at
el

y 
2 

to
 4

 c
m

.

6.
 F

UT
UR

E 
RE

SE
AR

CH

So
m

e 
co

m
m

en
ts

 c
an

 b
e 

m
ad

e 
re

ga
rd

in
g 

th
e 

m
et

ho
ds

 u
se

d 
in 

th
is 

stu
dy

:
N

on
-c

at
ch

 m
or

tal
ity

 m
ay

 b
e 

un
de

re
st

im
at

ed
 w

he
n 

an
im

al
s 

th
at

 w
er

e 
ki

lle
d 

du
e 

to
 th

e 
tra

w
lin

g,
 w

er
e 

no
t y

et
 

co
ns

um
ed

 d
ur

in
g 

th
e 

^-
sa

m
pl

in
g.
 It

 w
as

 n
ot

 p
os

sib
le

 to
 s

ep
er

at
e 

an
im

al
s 

th
at

 w
er

e 
da

m
ag

ed
 b

y 
th

e 
tra

wl
s 

fro
m
 t

ho
se

 th
at

 w
er

e 
da

m
ag

ed
 b

y 
th

e 
sa

m
pl

in
g 

ge
ar

. 
To

 a
vo

id
 th

is 
pr

ob
le

m
, 

th
e 

fin
al 

sa
m

pl
in

g 
sh

ou
ld
 b

e 
ca

rri
ed

 o
ut

 a
t l

ea
st

 a
 fe

w
 d

ay
s 

af
te

r t
ra

wl
in

g,
 to

 e
ns

ur
e 

th
at

 a
ni

m
al

s 
m

or
tal

ly
 d

am
ag

ed
 b

y 
th

e 
tra

wl
in

g 
ar

e 
ali

 
co

ns
um

ed
 b

y 
sc

av
en

ge
rs

.
Th

e 
im

m
ig

ra
tio

n 
ra

te
 o

f s
ca

ve
ng

er
s 

in
to
 a

 tr
aw

le
d 

ar
ea

 m
ay

 b
e 

es
tim

at
ed

 m
or

e 
ac

cu
ra

te
ly
 b

y 
a 

se
rie

s 
of

 
sa

m
pl

in
g 

m
om

en
ts 

af
te

r t
ra

wl
in

g,
 r

at
he

r t
ha

n 
by

 s
am

pl
in

g 
on

 tw
o 

di
sc

re
te
 m

om
en

ts.
 S

am
pl

in
g 

in 
th

e 
tra

w
le

d 
ar

ea
 s

ho
ul

d 
be

 s
yn

ch
ro

ni
se

d 
wi

th 
sa

m
pl

in
g 

in 
an
 u

nt
ra

w
le

d 
re

fe
re

nc
e 

ar
ea

. 
D

at
a 

on
 t

he
 f

ee
di

ng
 r

at
e 

of
 

sc
av

en
gi

ng
 s

pe
ci

es
 h

av
e 

to
 b

e 
ob

ta
in

ed
, i

n 
or

de
r t

o 
es

tim
at

e 
th

ei
r c

on
tri

bu
tio

n 
to

 s
ca

ve
ng

in
g.

Ju
ve

ni
le

 s
pe

ci
m

en
s 

an
d 

sm
all

 s
iz

ed
 s

pe
ci

es
 w

er
e 

fre
qu

en
tly

 c
au

gh
t i

n 
th

e 
Re

in
ec

k 
bo

x 
co

re
r a

nd
 th

e 
Va

n 
V

ee
n 

gr
ab

, 
wh

ile
 l

ar
ge

r s
iz

ed
 a

ni
m

al
s 

w
er

e 
ha

rd
ly
 c

au
gh

t. 
Si

nc
e 

tra
wl

in
g 

ap
pe

ar
s 

to
 a

ffe
ct
 t

he
 d

en
sit

y 
of

 
es

pe
ci

al
ly

 la
rg

e 
sp

ec
ie

s, 
bo

x 
co

re
r 

an
d 

gr
ab

 s
am

pl
er

 d
o 

no
t s

ee
m
 a

de
qu

at
e 

sa
m

pl
in

g 
ge

ar
. 

In 
th

is 
stu

dy
, 

ai
so

 th
e 

fin
e 

m
es

he
d 

be
am

 tr
aw

l w
as

 a
n 

in
ad

eq
ua

te
 g

ea
r f

or
 m

os
t i

nv
er

te
br

at
e 

sp
ec

ie
s, 

ex
ce

pt
 fo

r e
pi

fa
un

a 
sp

ec
ie

s 
su

ch
 a

s 
A

st
er

ia
s 

ru
be

ns
 a

nd
 O

ph
iu

ra
 te

xt
ur

at
a.

Th
e 

Tr
ip

le-
D 

ap
pe

ar
s 

to
 b

e 
a 

re
lia

bl
e 

sa
m

pl
in

g 
ge

ar
 to

 e
sti

m
at

e 
th

e 
de

ns
iti

es
 o

f m
os

t i
nv

er
te

br
at

e 
sp

ec
ie

s. 
A 

nu
m

be
r o

f s
pe

ci
es

 w
er

e 
ca

ug
ht

 in
 lo

w 
nu

m
be

rs
. T

hi
s 

pr
ob

le
m
 m

ay
 b

e 
so

lv
ed

 b
y 

us
in

g 
fin

er
 m

es
he

d 
ne

ts 
fo

r s
m

al
l a

ni
m

al
s 

an
d 

la
rg

er
 m

es
he

d 
ne

ts
, a

llo
wi

ng
 lo

ng
er

 h
au

ls,
 fo

r l
ar

ge
r a

ni
m

al
s.

Th
e 

ve
ry

 p
re

se
nc

e 
of

 s
pe

ci
es

 in
 th

e 
D

ut
ch

 s
ec

to
r, 

w
hi

ch
 h

as
 b

ee
n 

fre
qu

en
tly

 tr
aw

le
d 

du
rin

g 
th

e 
la

st 
tw

en
ty

 
ye

ar
s, 

in
di

ca
te

s 
th

at
 t

he
se
 s

pe
ci

es
 a

re
 a

t 
le

as
t 

to
 s

om
e 

ex
te

nd
 r

es
ist

an
t 

to
 b

ea
m
 t

ra
wl

in
g.
 H

ow
ev

er
, 

ab
un

da
nc

ie
s 

of
 s

pe
ci

es
 m

ay
 h

av
e 

ch
an

ge
d 

du
e 

to
 tr

aw
lin

g,
 a

nd
 m

or
e 

vu
ln

er
ab

le
 s

pe
ci

es
 m

ay
 h

av
e 

be
co

m
e 

ra
re
 o

r 
m

ay
 e

ve
n 

ha
ve

 d
is

ap
pe

ar
ed

 in
 c

er
ta

in
 a

re
as

. 
Co

ns
eq

ue
nt

ly
, s

tu
di

es
 o

n 
th

e 
di

re
ct
 e

ffe
ct

s 
of

 b
ea

m
 

tra
wl

in
g,
 g

iv
e 

in
co

m
pl

et
e 

in
fo

rm
ati

on
 o

n 
th

e 
im

pa
ct

s 
on

 a
 n

at
ur

al
 e

co
sy

st
em

 in
 th

e 
Du

tch
 s

ec
to

r. 
Th

er
ef

or
e, 

th
e 

lo
ng

 te
rm

 e
ffe

ct
s 

of
 b

ea
m

 tr
aw

lin
g 

on
 th

e 
be

nt
hi

c 
ec

os
ys

te
m

 s
ho

ul
d 

be
 s

tu
di

ed
 o

nl
y 

in 
an

 a
re

a 
cl

os
ed

 fo
r 

fis
he

rie
s f

or
 m

an
y 

ye
ar

s.

A
ck

no
w

le
dg

em
en

ts
.- 

Th
is 

re
se

ar
ch

 w
as

 f
un

de
d 

by
 th

e 
Eu

ro
pe

an
 C

om
m

un
ity

 u
nd

er
 F

A
R-

co
nt

ra
ct
 n

um
be

r 
M

A 
2-

54
9 

(IM
PA

CT
 p

ro
je

ct
). 

Fi
na

nc
ia

l 
su

pp
or

t 
w

as
 a

iso
 p

ro
vi

de
d 

by
 P

ol
icy

 L
in

ke
d 

Ec
ol

og
ic

al
 R

es
ea

rc
h 

No
rth

 S
ea

 a
nd

 W
ad

de
n 

Se
a 

(B
EO

N)
. T

ha
nk

s 
ar

e 
du

e 
to
 A

. S
an

de
e 

(N
IO

O-
CE

M
O)

 a
nd

 A
. S

ta
m

 f
or

 th
ei

r 
va

lu
ab

le
 c

on
tri

bu
tio

n 
to

 th
is 

stu
dy

.
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rs
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ra
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 b
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t d
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 d
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e 

ne
ts
 (

G
ra

ha
m

, 
19

55
; 

B
rid

ge
r, 

19
70

; 
M

ar
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 b
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ra
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 b
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 b
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w
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t b
ot

to
m
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e 
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 b
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m
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g 
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 b
e 

re
la
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 b
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.
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 p
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f c
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 c
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 b
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 c
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 c
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ra
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 c
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 b
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 c
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 d
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 c
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 d
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) d
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re
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 b
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t c
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at
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 b
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 b
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 d
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ro
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re
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ra
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 m
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ra
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n 
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 c
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w
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th
e 
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b 
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 in
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 d
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th
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 d
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e 
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e 
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f t
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im
en
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th

e 
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ith
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e 
sc
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 s
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 c

he
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en
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, 
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d 
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s 
th

e 
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eq
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y 
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en

t 
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m
m
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 b

ea
m
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in
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id
e 

sc
an
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di

ng
s 

sh
ow
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 th
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 th

e 
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 o
f t
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w
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 fl
at 
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at
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w
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e 
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N
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 c
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ich
 w
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e 
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re
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y 
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gi
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d 
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m
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e 
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w
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y 
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 b
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 d
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 p
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ra
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r l
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at
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 d
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f c
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 c
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 b
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m
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 m
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r c
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 c
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 o
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 m
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 p
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l t
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ra
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 f
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 d
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 d
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 s
ig

ni
fic

an
ce

 (M
an

n 
W

hi
tn

ey
 U

-te
st;

 2
-s

id
ed

).
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2.4
. 

CA
LC

UL
AT

IO
N 

OF
 M

OR
TA

LI
TY

C
ha

ng
es
 i

n 
de

ns
ity

 o
f 

sp
ec

ie
s, 

fo
un

d 
in 

th
e 

st
ud

y 
ar

ea
 a

fte
r 

tra
wl

in
g,
 m

ay
 b

e 
ge

ne
ra

lly
 d

ue
 e

ith
er

 to
 t

he
 

ab
se

nc
e 

of
 a

ni
m

al
s t

ha
t a

re
 c

au
gh

t i
n 

th
e 

tra
w

ls 
or

 to
 "

no
n-

ca
tc

h 
m

or
tal

ity
" 

as
 a

 d
ire

ct
 e

ffe
ct
 o

f t
he

 p
as

sa
ge

 
of

 th
e 

tra
w

ls 
ov

er
 th

e 
se

ab
ed

. A
 c

er
ta

in
 p

er
ce

nt
ag

e 
of

 th
e 

an
im

al
s 

ca
ug

ht
 in

 th
e 

tra
w

ls 
m

ay
 b

e 
ki

lle
d 

in 
th

e 
ne

t 
or
 d

ur
in

g 
th

e 
su

bs
eq

ue
nt
 h

an
dl

in
g 

on
bo

ar
d 

th
e 

tra
w

le
r 

("
ca

tc
h 

m
or

tal
ity

").
 T

he
 "

to
tal
 m

or
tal

ity
" 

of
 a

 
sp

ec
ie

s 
du

e 
to

 tr
aw

lin
g 

ca
n 

be
 e

st
im

at
ed

 a
s 

th
e 

su
m

 o
f c

at
ch

 m
or

tal
ity

 a
nd

 n
on

-c
at

ch
 m

or
tal

ity
.

2.
4.

1.
 C

AT
CH

 M
OR

TA
LI

TY

Ca
tc

h 
m

or
tal

ity
 is

 d
ef

in
ed

 a
s 

th
at
 w

hi
ch

 o
cc

ur
s 

am
on

g 
an

im
al

s 
th

at
 a

re
 c

au
gh

t 
in 

th
e 

tra
w

ls 
an

d 
th

en
 a

re
 

di
sc

ar
de

d 
in

to
 th

e 
se

a 
af

te
r h

an
dl

in
g 

on
bo

ar
d 

th
e 

tra
w

le
r.

Th
e 

ca
tc

h 
m

or
tal

ity
 a

fte
r t

ra
w

lin
g 

on
ce

 (
CM

^ 
ex

pr
es

se
d 

as
 a

 p
er

ce
nt

ag
e 

of
 th

e 
in

iti
al 

de
ns

ity
), 

is 
ca

lc
ul

at
ed

 
by

 m
ul

tip
ly

in
g 

th
e 

pe
rc

en
ta

ge
 o

f 
m

or
tal

ity
 o

f d
is

ca
rd

ed
 a

ni
m

al
s 

af
te

r 
be

in
g 

ha
nd

le
d 

on
bo

ar
d 

(d
et

er
m

in
ed

 in
 

su
rv

iv
al
 e

xp
er

im
en

ts 
in 

ta
nk

s 
on

bo
ar

d,
 s

ee
 F

on
ds

, 
th

is 
re

po
rt)

 w
ith

 th
e 

ca
tc

h 
ef

fic
ie

nc
y 

of
 th

e 
tra

w
ls.

 T
hi

s 
ca

tc
h 

ef
fic

ie
nc

y 
is 

ca
lc

ul
at

ed
 b

y 
ex

pr
es

si
ng

 th
e 

de
ns

ity
 e

sti
m

at
e 

fro
m

 th
e 

fir
st 

ha
ul

 o
f t

he
 tr

aw
l (

n*
10

00
 m

'2)
 

as
 a
 p

ro
po

rti
on
 o

f 
th

e 
ini

tia
l 

de
ns

ity
 e

st
im

at
ed
 w

ith
 t

he
 T

rip
le-

D 
or
 3

-m
 b

ea
m
 t

ra
w

l 
(n

*1
00

0 
nr

2).
 I

t 
is 

as
su

m
ed

, 
th

at
 th

e 
de

ns
ity

 in
 t

he
 a

re
a 

fis
he

d 
in 

th
e 

fir
st 

ha
ul
 i

s 
re

pr
es

en
ta

tiv
e 

fo
r t

he
 m

ea
n 

de
ns

ity
 in

 t
he

 
st

ud
y 

ar
ea

. 
B

ec
au

se
 th

e 
ca

tc
h 

ef
fic

ie
nc

y 
of
 th

e 
sa

m
pl

in
g 

ge
ar

 it
se

lf 
m

ay
 b

e 
le

ss
 th

an
 1

00
%

, t
he

 e
sti

m
at

ed
 

m
ea

n 
ca

tc
h 

ef
fic

ie
nc

y 
of

 th
e 

tra
w

ls 
- 

an
d 

th
er

ef
or

e 
th

e 
m

ea
n 

ca
tc

h 
m

or
tal

ity
 -
 s

ho
ul

d 
be

 c
on

si
de

re
d 

as
 a

 
m

ax
im

um
 e

st
im

at
e.

 T
he

 s
am

pl
in

g 
ge

ar
 y

iel
di

ng
 th

e 
hi

gh
es

t i
ni

tia
l d

en
sit

y 
es

tim
at

e 
is 

us
ed

 in
 th

is 
ca

lc
ul

at
io

n.

CM
i =

 m
or

tal
ity

 o
f d

is
ca

rd
de

ns
ity

 e
st

im
at

e 
fro

m
 4

-m
 b

ea
m

tra
w

ls 
in 

ha
ul
 1

in
iti

al 
de

ns
ity

 e
sti

m
at

e 
sa

m
pl

in
g 

ge
ar

Th
e 

ca
tc

h 
m

or
tal

ity
 a

fte
r t

ra
w

lin
g 

1.
5 

or
 2

 ti
m

es
 (

CM
2) 

is 
es

tim
at

ed
 in

 a
 a

na
lo

gu
ou

s 
w

ay
, b

y 
us

in
g 

th
e 

to
ta

l 
nu

m
be

r o
f a

ni
m

al
s 

ca
ug

ht
 in

 a
li 

ha
ul

s. 
Th

e 
to

ta
l n

um
be

rs
 o

f a
ni

m
al

s 
ca

ug
ht

 (n
*1

00
0 

m
2 

of
 th

e 
stu

dy
 a

re
a)

 in
 

ali
 h

au
ls 

is 
ca

lc
ul

at
ed

 b
y 

th
e 

ra
tio

 b
et

w
ee

n 
th

e 
ac

tu
al
 n

um
be

rs
 o

f a
ni

m
al

s 
ca

ug
ht

 in
 a

li 
ha

ul
s 

an
d 

th
e 

su
rfa

ce
 

of
 th

e 
st

ud
y 

ar
ea

. A
iso

 C
M

2 i
s e

xp
re

ss
ed

 a
s 

a 
pr

op
or

tio
n 

of
 th

e 
ini

tia
l d

en
sit

y:

CM
2 =

 m
or

tal
ity

 o
f d

is
ca

rd
to

ta
l n

um
be

rs
 c

au
gh

t i
n 

4-
m

 b
ea

m
 tr

aw
ls 

in 
ali

 h
au

ls
in

iti
al 

de
ns

ity
 e

sti
m

at
e 

sa
m

pl
in

g 
ge

ar

In 
ali

 s
tu

di
es

, 
th

e 
fir

st 
ha

ul
s 

wi
th
 t

he
 t

ra
w

ls 
w

er
e 

fis
he

d 
in 

a 
sin

gl
e 

str
ai

gh
t 

lin
e 

ov
er

 t
he

 s
tu

dy
 a

re
a.
 T

he
 

fu
rth

er
 h

au
ls,

 h
ow

ev
er

, w
er

e 
fis

he
d 

un
in

te
rru

pt
ed

ly
, i

.e.
 b

et
w

ee
n 

th
e 

ha
ul

s, 
th

e 
ne

t w
as

 li
fte

d 
of

f t
he

 s
ea

be
d 

du
rin

g 
th

e 
tu

rn
 o

f 
th

e 
sh

ip
 o

ut
sid

e 
th

e 
st

ud
y 

ar
ea

. 
Du

rin
g 

th
es

e 
tu

rn
s, 

w
he

n 
th

e 
ne

ts
 w

er
e 

lif
ted

 o
ff 

th
e 

se
ab

ed
, 

m
an

y 
an

im
al

s 
m

ay
 h

av
e 

be
en

 w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s. 

Th
e 

ca
tc

h 
m

or
ta

lit
y 

es
tim

at
e 

af
te

r 
tw

of
ol

d 
tra

w
lin

g 
(C

M
2) 

m
ay

 th
er

ef
or

e 
be

 c
on

sid
er

ab
ly
 l

es
s 

th
an

 w
he

n 
a 

tw
of

ol
d 

tra
w

lin
g 

is 
ca

rri
ed

 o
ut
 b

y 
fis

hi
ng

 s
tra

ig
ht

 h
au

ls,
 w

ith
ou

t 
m

ak
in

g 
tu

rn
s 

wi
th
 th

e 
ne

ts 
un

de
r w

at
er

. T
hi

s 
di

sc
re

pa
nc

y 
ca

n 
be

 m
ad

e 
cl

ea
r 

by
 c

om
pa

rin
g 

th
e 

nu
m

be
rs

 o
f a

ni
m

al
s 

ca
ug

ht
 in

 a
li 

ha
ul

s, 
wi

th
 th

e 
nu

m
be

rs
 th

at
 a

re
 e

xp
ec

te
d 

to
 b

e 
ca

ug
ht

 in
 

ali
 h

au
ls 

(b
ot

h 
ex

pr
es

se
d 

as
 a

 p
er

ce
nt

ag
e 

of
 t

he
 i

nit
ial
 d

en
sit

y)
. 

U
nd

er
 t

he
 a

ss
um

pt
io

n,
 t

ha
t 

th
e 

ca
tc

h 
ef

fic
ie

nc
y 

of
 th

e 
tra

w
ls 

do
es

 n
ot

 d
ep

en
d 

on
 th

e 
ac

tu
al
 d

en
sit

y 
of
 a

 s
pe

ci
es

 (
i.e

. d
oe

s 
no

t c
ha

ng
e 

du
rin

g 
th

e 
tra

w
lin

g)
, t

hi
s 

ex
pe

ct
ed

 n
um

be
r i

s c
al

cu
la

te
d 

as
 th

e 
su

m
 o

f t
he

 c
at

ch
 e

ffi
ci

en
cy

 in
 th

e 
fir

st 
ha

ul
 (

str
ai

gh
t l

in
e) 

an
d 

th
e 

sa
m

e 
ca

tc
h 

ra
te
 a

pp
lie

d 
to
 t

he
 n

um
be

rs
 o

f 
an

im
al

s 
ex

pe
ct

ed
 t

o 
re

m
ai

n 
in 

th
e 

ar
ea

 a
fte

r 
tra

wl
in

g 
on

ce
.

ex
pe

ct
ed

 n
um

be
rs

 o
f a

ni
m

al
s 

ca
ug

ht
 in

 a
li 

ha
ul

s 
= 

CE
i +

 x
*C

E-
|*(

1-
CE

i)

In 
th

is 
eq

ua
tio

n:

x 
= 

1 
(in

 s
tu

dy
 o

ff 
Vl

iel
an

d 
an

d 
Eg

m
on

d,
 w

he
re

 th
e 

st
ud

y 
ar

ea
 w

as
 tr

aw
le

d 
2 

tim
es

) 
x 

= 
0.

5 
(in

 s
tu

dy
 o

ff 
IJ

m
ui

de
n,

 w
he

re
 th

e 
st

ud
y 

ar
ea

 w
as

 tr
aw

le
d 

1.
5 

tim
es

)
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Fo
r 

sp
ec

ie
s 

sh
ow

in
g 

a 
ca

tc
h 

in 
ali
 h

au
ls 

th
at
 w

as
 l

ow
er

 th
an

 e
xp

ec
te

d,
 t

he
 e

st
im

at
es
 o

t t
ot

al
 c

at
ch
 a

nd
 

th
er

ef
or

e 
of

 to
ta

l c
at

ch
 m

or
tal

ity
 (

CM
2) 

ar
e 

co
ns

id
er

ed
 to

 b
e 

no
t 

re
al

ist
ic.
 F

or
 th

es
e 

sp
ec

ie
s, 

th
e 

ex
pe

ct
ed

 
ca

tc
h 

m
or

ta
lit

y 
is 

us
ed

 in
 th

e 
ca

lc
ul

at
io

n 
of

 th
e 

to
ta

l m
or

tal
ity

.

2.4
.2.

 N
ON

-C
AT

CH
 M

OR
TA

LI
TY

N
on

-c
at

ch
 m

or
tal

ity
 is

 d
ef

in
ed

 a
s 

di
re

ct
 m

or
tal

ity
 o

cc
ur

rin
g 

am
on

g 
th

e 
an

im
al

s 
th

at
 in

te
rfe

re
d 

wi
th

, b
ut

 w
er

e 
no

t p
re

se
nt

 in
 th

e 
ca

tc
he

s 
of

 th
e 

tra
w

l. 
Th

is 
m

or
tal

ity
 m

ay
 b

e 
du

e 
to

 d
am

ag
e 

ca
us

ed
 b

y 
a 

hit
 b

y 
th

e 
tic

kl
er

 
ch

ai
ns

, o
r b

y 
di

st
ur

ba
nc

e 
of
 a

ni
m

al
s 

(e
.g

. e
xp

os
ed

 in
fa

un
a)

 le
ad

in
g 

to
 a

n 
in

cr
ea

se
d 

av
ail

ab
ili

ty
 to

 p
re

da
tio

n.
 

N
on

-c
at

ch
 m

or
tal

ity
 a

iso
 o

cc
ur

s 
w

he
n 

an
im

al
s 

ini
tia

lly
 c

au
gh

t i
n 

th
e 

tra
w

ls,
 a

re
 w

as
he

d 
th

ro
ug

h 
th

e 
m

es
he

s 
af

te
r 

be
in

g 
m

or
tal

ly
 d

am
ag

ed
 b

y 
th

e 
bu

lk
 o

f t
he

 c
at

ch
. 

Co
nt

ra
ry

 to
 c

at
ch

 m
or

tal
ity

, 
no

n-
ca

tc
h 

m
or

tal
ity

 c
an

 
on

ly
 b

e 
es

tim
at

ed
 in

di
re

ctl
y 

fro
m

 c
ha

ng
es

 in
 d

en
si

ty
 o

f 
liv

ing
 a

ni
m

al
s. 

A
ss

um
in

g 
th

at
 a

li 
ki

lle
d 

an
im

al
s 

w
er

e 
co

ns
um

ed
 b

y 
sc

av
en

ge
rs

 b
ef

or
e 

t-i
-s

am
pl

in
g,

 n
on

-c
at

ch
 m

or
tal

ity
 is

 e
st

im
at

ed
 fr

om
 th

e 
nu

m
be

rs
 o

f "
m

iss
in

g"
 

an
im

al
s  

(M
), 

wh
ich

 i
s 

ca
lc

ul
at

ed
 b

y 
su

bs
tra

ct
in

g 
th

e 
de

ns
ity

 o
f 

an
im

al
s 

sti
ll 

pr
es

en
t 

af
te

r t
ra

wl
in

g 
an

d 
th

e 
to

ta
l n

um
be

rs
 c

au
gh

t i
n 

ali
 h

au
ls 

fro
m

 th
e 

ini
tia

l d
en

sit
y.

 T
hi

s t
ot

al
 n

um
be

r o
f a

ni
m

al
s 

ca
ug

ht
 in

 a
li 

ha
ul

s 
w

as
 

ca
lc

ul
at

ed
 b

y 
th

e 
ra

tio
 b

et
w

ee
n 

th
e 

ac
tu

al
 n

um
be

rs
 o

f 
an

im
al

s 
ca

ug
ht
 in

 a
li 

ha
ul

s 
an

d 
th

e 
su

rf
ac

e 
of
 t

he
 

st
ud

y 
ar

ea
. T

he
 n

um
be

rs
 o

f "
m

iss
in

g"
 a

ni
m

al
s 

ar
e 

pr
es

en
te

d 
as

 a
 p

er
ce

nt
ag

e 
of

 th
e 

ini
tia

l d
en

sit
ie

s.

M 
= 

pe
rc

en
tag

e m
iss

ing
 an

im
als

,

_ 
10

0 
* (

(in
iti

al 
de

ns
itv

l -
 (

de
ns

ity
 a

t n
 - 

(to
ta

l n
um

be
rs

 c
au

gh
t i

n 
4-

m
 b

ea
m

 tr
aw

ls 
in 

ali
 h

au
ls

l)
in

iti
al 

de
ns

ity
 e

st
im

at
e 

sa
m

pl
in

g 
ge

ar

Fo
r t

hi
s 

es
tim

at
e 

of
 th

e 
pe

rc
en

ta
ge

 o
f m

iss
in

g 
an

im
al

s, 
th

e 
ca

tc
h 

in 
ali

 h
au

ls 
is 

a 
m

aj
or

 fa
ct

or
. H

ow
ev

er
, a

s 
is 

su
gg

es
te

d 
ab

ov
e,
 t

hi
s 

to
ta

l c
at

ch
 m

ay
 h

av
e 

be
en
 u

nd
er

es
tim

at
ed

, 
be

ca
us

e 
of
 t

he
 l

os
s 

of
 a

ni
m

al
s 

th
at

 
w

er
e 

w
as

he
d 

ou
t d

ur
in

g 
th

e 
tu

rn
 o

f t
he

 s
hi

p 
be

tw
ee

n 
th

e 
su

cc
es

si
ve

 h
au

ls.
 I

f s
o,
 t

he
 p

er
ce

nt
ag

e 
m

iss
in

g 
an

im
al

s c
an

 o
nl

y 
be

 e
sti

m
at

ed
 fr

om
 th

e 
ch

an
ge

s 
in 

de
ns

iti
es

 a
nd

 th
e 

ex
pe

ct
ed

 c
at

ch
 in

 a
li 

ha
ul

s.

Th
e 

sa
m

pl
in

g 
ge

ar
 y

iel
di

ng
 th

e 
hi

gh
es

t i
nit

ial
 d

en
si

ty
 e

st
im

at
e 

is 
us

ed
 in

 a
li 

ca
lc

ul
at

io
ns

. S
pe

ci
es

 th
at
 in

 th
e 

in
iti

al 
sa

m
pl

in
g 

w
er

e 
ca

ug
ht

 in
 h

ig
he

r d
en

sit
ie

s 
in 

th
e 

Tr
ip

le-
D 

th
an

 in
 th

e 
3-

m
 b

ea
m

 tr
aw

l, 
w

er
e 

co
ns

id
er

ed
 

to
 b

e 
bu

rro
w

in
g 

sp
ec

ie
s. 

Th
e 

3-
m
 b

ea
m

 tr
aw

l i
s 

no
t s

ui
ta

bl
e 

to
 e

sti
m

at
e 

ch
an

ge
s 

in 
de

ns
iti

es
 o

f b
ur

ro
wi

ng
 

sp
ec

ie
s, 

no
t 

on
ly
 b

ec
au

se
 d

en
sit

y 
es

tim
at

es
 a

re
 n

ot
 r

ea
lis

tic
, b

ut
 e

sp
ec

ia
lly

 b
ec

au
se

 tr
aw

lin
g 

m
ay

 c
ha

ng
e 

th
e 

ve
rti

ca
l d

ist
rib

ut
io

n 
of

 th
es

e 
sp

ec
ie

s, 
le

ad
in

g 
to

 a
n 

en
ha

nc
ed

 c
at

ch
ab

ili
ty

.
It 

sh
ou

ld
 b

e 
no

te
d,

 th
at

 M
 a

nd
 th

er
ef

or
e 

no
n-

ca
tc

h 
m

or
tal

ity
, c

an
 o

nl
y 

be
 a

ss
es

se
d 

af
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 d
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 c
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 d
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r t
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, d
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 c
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 c
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0.
04

3)
, w

he
re

as
 d
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 C
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 C
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e 

fir
st 

ha
ul

, 
an

d 
fo

un
d 

as
 w

ell
 a

s 
ex

pe
ct

ed
 n

um
be

rs
 o

f 
an

im
al

s 
ca

ug
ht

 in
 a

li 
ha

ul
s, 

ar
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 d
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 b
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 c
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l d
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 d
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 c
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t b
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r p
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ra
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 m
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 l
ow

 f
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 p
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 l
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 p
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ra
w

l 
in 

th
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 b
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.

Fo
r n

ea
rly

 al
i s

pe
ci

es
, i

nd
ic

at
io

ns
 fo

r a
n 

en
la

rg
ed

 e
sc

ap
e 

of
 a

ni
m

al
s t

hr
ou

gh
 th
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e 

tu
rn

 o
f 

th
e 

sh
ip

, w
er

e 
fo

un
d 

in 
th

e 
co

m
pa

ris
on

 b
et

w
ee

n 
th

e 
fo

un
d 

ca
tc

h 
in 

ali
 h

au
ls 

an
d 

th
e 

ex
pe

ct
ed

 c
at

ch
 in

 a
li 

ha
ul

s. 
Fi

sh
 s

pe
ci

es
 (

da
b,
 p
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ell
 a

s 
ev

er
te

br
at

es
 (A

st
er

ia
s 

ru
be

ns
, 

O
ph

iu
ra
 t

ex
tu

ra
ta

, 
Eu

pa
gu

ru
s 

be
rn

ha
rd

us
, 

Li
oc

ar
ci

nu
s 

ho
lsa

tu
s)
 a

pp
ea

re
d 

to
 b

e 
w

as
he

d 
ou

t 
to
 a
 h

ig
h 

pe
rc

en
ta

ge
. 

Fo
r 

Bu
gl

os
sid

iu
m

 lu
te

um
 o

nl
y, 

th
e 

ex
pe

ct
ed

 to
ta

l c
at

ch
 w

as
 lo

we
r, 

w
hi

ch
 w

as
 p

ro
ba

bl
y 

ca
us

ed
 

by
 a

 u
nd

er
es

tim
at

e 
of

 th
e 

ca
tc

h 
ef

fic
ien

cy
. T

he
re

fo
re

 it
 is

 a
ss

um
ed

 th
at

 fo
r a

li 
th

es
e 

sp
ec

ie
s, 

th
e 

fo
un

d 
to

tal
 

ca
tc

h  
in 

ali
 h

au
ls 

is 
an

 u
nd

er
es

tim
at

io
n 

of
 th

e 
ex

pe
ct

ed
 to

ta
l c

at
ch

 a
fte

r 1
.5
 - 

to
 tw

of
ol

d 
tra

wl
in

g,
 a

nd
 c

an
no

t 
be

 c
on

si
de

re
d 

as
 a

 re
al

ist
ic

 v
al

ue
.

3.
4.

2.
 C

AT
CH

 M
OR

TA
LI

TY

Fo
r t

he
 th

re
e 

st
ud

ie
s, 

m
or

tal
ity

 e
st

im
at

es
 in

 th
e 

di
sc

ar
d 

(F
on

ds
, t

hi
s 

re
po

rt)
 a

nd
 c

at
ch

 m
or

tal
ity

 in
 b

ot
h 

th
e 

fir
st 

ha
ul

 a
nd

 al
i h

au
ls 

of
 th
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r t
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at
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re
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at
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 p
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 m
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e 
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m
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 p
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 p
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 p
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.
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 b
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f 
m

iss
in

g 
nu

m
be

rs
 a

nd
 th
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 p
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re
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 m
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 c
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 m
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in 

Ta
bl

e 
12

.
An

 i
nc

re
as

ed
 d
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 c
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 b
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 d
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 d
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 d
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 c
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ra
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 p
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e 
dy

na
m

ic
 a

re
a 

of
f 

Vl
iel

an
d,
 i

n 
th
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 c
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ra
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ot
 i

nc
lu

de
d 

in 
Ta

bl
e 

12
.

Fo
r 

so
m

e 
ot

he
r 

sp
ec

ie
s, 

th
e 

pe
rc

en
ta

ge
 o

f 
m

iss
in

g 
nu

m
be

rs
 a

pp
ea

re
d 

to
 b

e 
a 

po
sit

iv
e 

va
lu

e.
 A

s 
an

 
in

cr
ea

se
 i

n 
de

ns
iti

es
 o

f 
se

ss
ile

 o
r 

lo
w 

m
ob

ile
 s

pe
ci

es
 o

ve
r 

a 
12

 h
ou

r 
in

te
rv

al 
is 

re
ga

rd
ed

 a
s 

no
t 

re
ali

sti
c, 

th
es

e 
va

lu
es

 a
re

 c
on

si
de

re
d 

as
 e

rra
tic

, a
nd

 a
re

 g
iv

en
 in

 T
ab

le
 1

2 
as

 "
~0

".
Th

e 
hi

gh
es

t 
pe

rc
en

ta
ge

s 
of
 

m
iss

in
g 

an
im

al
s 

w
er

e 
fo

un
d 

fo
r 

so
m

e 
m

ol
lu

sc
s, 

cr
us

ta
ce

an
s,
 

an
d 

ec
hi

no
de

rm
s. 

In 
ali

 t
he

se
 g

ro
up

s, 
th

e 
pe

rc
en

ta
ge

s 
va

rie
d 

co
ns

id
er

ab
ly

. 
Th

e 
sm

al
le

st 
ra

ng
e 

w
as
 f

ou
nd

 in
 

an
ne

lid
s 

w
hi

ch
 s

ho
w

ed
 p

er
ce

nt
ag

es
 o

f m
iss

in
g 

an
im

al
s 

le
ss

 th
an

 1
7%

.

4. 
D

IS
CU

SS
IO

N

4.
1.

 C
AT

CH
 M

OR
TA

LI
TY

Ca
tc

h 
m

or
ta

lit
y 

in 
ali

 h
au

ls 
of

 th
e 

tra
w

ls 
co

ul
d 

on
ly

 b
e 

es
tim

at
ed

 b
as

ed
 o

n 
th

e 
ex

pe
ct

ed
 c

at
ch

 in
 a

li' 
ha

ul
s, 

as
 

th
e 

fo
un

d 
ca

tc
h 

in 
ali

 h
au

ls 
ap

pe
ar

ed
 to

 b
e 

a 
se

rio
us

 u
nd

er
es

tim
at

e 
du

e 
to

 th
e 

es
ca

pe
 o

f a
ni

m
al

s 
du

rin
g 

th
e 

tu
rn
 o

f 
th

e 
sh

ip
. 

Th
is 

ex
pe

ct
ed

 c
at

ch
 i

n 
ali
 h

au
ls 

(T
ab

le
 1

1)
, 

ho
w

ev
er

, 
m

ay
 s

til
l 

be
 a

n 
un

de
re

st
im

at
e 

fo
r 

sc
av

en
ge

rs
 a

nd
 p

re
da

to
rs
 (

e.g
. d

ab
, 

Eu
pa

gu
ru

s 
be

rn
ha

rd
us

) 
th

at
 w

er
e 

at
tra

ct
ed

 to
 d

am
ag

ed
 a

ni
m

al
s 

in 
th

e 
tra

ck
s 

af
te

r t
he

 fi
rst

 tr
aw

lin
g 

or
 fo

r 
in

fa
un

a 
sp

ec
ie

s 
(e

.g
. b

iv
al

ve
s, 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s 

) t
ha

t 
ha

ve
 b

ee
n 

du
g 

ou
t b

y 
th

e 
tic

kl
er

 c
ha

in
s 

in 
th
 e

fir
st 

ha
ul

s. 
Fo

r t
he

se
 s

pe
ci

es
, t

he
 c

at
ch

 e
ffi

ci
en

cy
 in

 th
e 

fir
st 

ha
ul
 is

 n
ot

 
re

pr
es

en
ta

tiv
e 

fo
r t

he
 c

at
ch

 e
ffi

ci
en

cy
 in

 a
li 

ha
ul

s. 
Th

is 
as

su
m

pt
io

n 
is 

su
pp

or
te

d 
by

 th
e 

in
cr

ea
se

d 
de

ns
iti

es
 o

f 
bi

va
lv

es
, 

e.
g.
 S

pi
su

la
 s

ub
tru

nc
at

a 
an

d 
C

ha
m

el
ea

 g
al

lin
a, 

in 
th

e 
ca

tc
he

s 
of
 t

he
 3

-m
 b

ea
m
 tr

aw
l 

in 
th

e 
tr

 
sa

m
pl

in
g 

(T
ab

le
 9

).
Th

e 
ca

tc
h 

ef
fic

ie
nc

y 
of
 t

he
 t

ra
w

ls 
fo

r 
En

si
s 

am
er

ic
an

us
, 

as
 f

ou
nd
 i

n 
th

e 
Eg

m
on

d 
stu

dy
, 

is 
pr

ob
ab

ly
 

co
ns

id
er

ab
ly
 o

ve
re

st
im

at
ed
 c

om
pa

re
d 

to
 t

he
 o

th
er
 s

tu
di

es
, 

as
 m

an
y 

de
ad
 a

nd
 d

yi
ng
 s

pe
ci

m
en

s 
w

er
e 

pr
es

en
t i

n 
th

at
 a

re
a.
 F

or
 L

io
ca

rc
in

us
 h

ol
sa

tu
s, 

th
e 

ra
ng

e 
in 

ex
pe

ct
ed

 to
ta

l c
at

ch
 m

or
tal

ity
 m

ay
 b

e 
ex

pl
ai

ne
d 

by
 a

 d
iff

er
en

t s
iz

e 
di

str
ib

ut
io

n 
of
 a

ni
m

al
s 

in 
th

e 
di

ffe
re

nt
 a

re
as

, o
r b

y 
a 

la
rg

er
 c

at
ch

 e
ffi

ci
en

cy
 o

f t
he

 T
rip

le-
D 

(E
gm

on
d 

stu
dy

), 
co

m
pa

re
d 

to
 t

he
 3

-m
 b

ea
m
 t

ra
w

l 
(V

lie
lan

d 
stu

dy
) 

an
d 

th
e 

Tr
ip

le-
D 

w
ith

ou
t 

de
pr

es
so

r 
(IJ

m
ui

de
n 

stu
dy

). 
It 

ca
nn

ot
 b

e 
ex

cl
ud

ed
, t

ha
t t

he
 u

se
 o

f 
va

rio
us

 s
am

pl
in

g 
ge

ar
s 

ca
us

ed
 d

iff
er

en
ce

s 
in 

th
e 

ex
pe

ct
ed

 c
at

ch
 m

or
ta

lit
y 

fo
r 

ot
he

r s
pe

ci
es

 a
s 

we
ll.
 F

ur
th

er
m

or
e,
 c

at
ch

 m
or

tal
ity

 m
ay

 a
iso

 b
e 

in
flu

en
ce

d 
by

 
th

e 
di

ffe
re

nc
e 

in 
in

te
ns

ity
 o

f t
ra

wl
in

g 
(1

.5
 ti

m
es
 in

 t
he

 I
Jm

ui
de

n 
st

ud
y 

an
d 

2 
tim

es
 in

 t
he

 o
th

er
 s

tu
di

es
), 

as
 

we
ll 

as
 b

y 
th

e 
us

e 
of
 d

iff
er

en
t t

ra
w

ls 
("

so
ut

h 
ne

ts"
 o

ff 
Vl

iel
an

d 
an

d 
"n

or
th
 n

et
s"
 o

ff 
IJ

m
ui

de
n 

an
d 

Eg
m

on
d)

 
an

d 
by

 th
e 

di
ffe

re
nt
 s

ea
so

ns
 in

 w
hi

ch
 t

he
 s

tu
di

es
 w

er
e 

ca
rri

ed
 o

ut
. 

As
 it
 i

s 
no

t 
po

ss
ib

le
 t

o 
di

sti
ng

ui
sh

 t
he

 
im

pa
ct

 o
f a

li 
th

es
e 

fa
ct

or
s, 

a 
ra

ng
e 

of
 p

er
ce

nt
ag

e 
ex

pe
ct

ed
 c

at
ch

 m
or

tal
ity

 in
 a

li 
ha

ul
s 

is 
es

tim
at

ed
 fo

r t
ho

se
 

sp
ec

ie
s 

th
at

 s
ho

w
 d

iff
er

en
t r

es
ul

ts 
in 

th
e 

3 
st

ud
ie

s 
(T

ab
le
 1

3)
.

18
9



4.2
. 

NO
N-

CA
TC

H 
M

OR
TA

LI
TY

N
on

-c
at

ch
 m

or
tal

ity
 c

an
no

t b
e 

es
tim

at
ed

 fr
om

 th
e 

pe
rc

en
ta

ge
 o

f 
m

iss
in

g 
nu

m
be

rs
 f

or
 m

ob
ile

 s
pe

ci
es

 s
uc

h 
as

 f
ish

 a
nd

 s
hr

im
ps

. 
In
 f

ish
, 

no
n-

ca
tc

h 
m

or
tal

ity
 w

ill 
pr

ob
ab

ly
 m

ain
ly
 o

cc
ur
 i

n 
th

e 
tra

w
ls,
 w

he
n 

m
or

tal
ly

 
da

m
ag

ed
 fi

sh
 a

re
 w

as
he

d 
th

ro
ug

h 
th

e 
m

es
he

s. 
By

 u
sin

g 
a 

fin
e 

m
es

he
d 

ne
t c

ov
er

in
g 

th
e 

co
m

m
er

ci
al

 tr
aw

l, 
th

is 
m

or
tal

ity
 is

 te
nt

at
iv

el
y 

es
tim

at
ed

 a
s 

in 
th

e 
or

de
r o

f 1
0%

 o
f t

he
 a

ni
m

al
s t

ha
t e

sc
ap

ed
 th

ro
ug

h 
th

e 
m

es
he

s 
of

 th
e 

tra
w

l (
Fo

nd
s, 

th
is 

re
po

rt)
. 

As
 it
 i

s 
no

t 
cl

ea
r, 

w
ha

t 
pe

rc
en

ta
ge

 o
f t

he
 a

ni
m

al
s, 

ini
tia

lly
 p

re
se

nt
 in

 t
he

 
st

ud
y 

ar
ea

, 
ha

d 
es

ca
pe

d 
th

ro
ug

h 
th

e 
m

es
he

s, 
th

is 
10

%
 e

st
im

at
e 

ca
nn

ot
 b

e 
ap

pl
ie

d 
in 

th
e 

ca
lc

ul
at

io
ns
 o

f 
no

n-
ca

tc
h 

m
or

tal
ity

 (T
ab

le
 1

3)
.

Th
e 

in
ve

rte
br

at
es

 m
en

tio
ne

d 
in 

Ta
bl

e 
12

, p
ro

ba
bl

y 
do

 n
ot

 s
ho

w
 s

ub
st

an
tia

l i
m

m
ig

ra
tio

n 
du

rin
g 

th
e 

in
ter

va
l 

be
tw

ee
n 

t0 
an

d 
ti,

 w
ith

 a
 p

os
sib

le
 e

xc
ep

tio
n 

fo
r E

up
ag

ur
us

 b
em

ar
du

s. 
Fo

r s
om

e 
of

 th
es

e 
sp

ec
ie

s, 
ho

w
ev

er
, 

em
ig

ra
tio

n 
m

ay
 p

la
y 

a 
ro

le 
in 

th
e 

in
te

rp
re

ta
tio

n 
of
 t

he
 p

er
ce

nt
ag

e 
of
 m

iss
in

g 
an

im
al

s 
as
 t

he
y 

m
ay
 b

e 
di

sp
er

se
d 

i/n
da

m
ag

ed
 o

ut
sid

e 
th

e 
st

ud
y 

ar
ea

, a
fte

r h
av

in
g 

es
ca

pe
d 

th
ro

ug
h 

th
e 

m
es

he
s 

of
 th

e 
tra

w
ls 

(e
.g

. 
w

he
n 

th
es

e 
w

er
e 

ha
ul

ed
 o

nb
oa

rd
). 

It 
ca

n 
be

 a
ss

um
ed

, 
th

at
 t

he
 m

or
tal

ity
 a

m
on

g 
th

os
e 

an
im

al
s 

th
at
 w

er
e 

w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s, 

ap
pr

oa
ch

es
 th

e 
m

or
tal

ity
 in

 d
is

ca
rd

 (
Fo

nd
s, 

th
is 

re
po

rt)
. A

 m
in

im
um

 n
on

-c
at

ch
 

m
or

tal
ity

 (
in 

ca
se
 a

li 
m

iss
in

g 
an

im
al

s 
w

er
e 

w
as

he
d 

th
ro

ug
h 

th
e 

m
es

he
s)
 c

an
 t

he
re

fo
re
 b

e 
es

tim
at

ed
 b

y 
m

ul
tip

ly
in

g 
th

e 
pe

rc
en

ta
ge

 m
iss

in
g 

an
im

al
s 

by
 th

e 
m

or
ta

lit
y 

es
tim

at
e 

of
 d

isc
ar

d.
 I

f s
pe

ci
es
 a

re
 s

m
al

l 
(e

.g
. 

co
m

m
on

ly
 fo

un
d 

in 
fin

e 
m

es
he

d 
sa

m
pl

in
g 

ge
ar

 b
ut
 n

ot
 in

 th
e 

tra
w

ls)
, i

t c
an

 b
e 

as
su

m
ed

, t
ha

t t
hi

s 
di

sp
er

sio
n 

pl
ay

s 
on

ly
 a

 m
in

or
 ro

le
. T

he
se

 s
m

al
l a

ni
m

al
s 

pa
ss

 th
ro

ug
h 

th
e 

m
es

he
s 

im
m

ed
ia

te
ly

, w
hi

le 
th

e 
tra

w
l i

s s
til

l o
n 

th
e 

st
ud

y 
ar

ea
. 

Th
e 

m
in

im
um

 n
on

-c
at

ch
 m

or
tal

ity
 o

f t
ho

se
 s

pe
ci

es
 m

en
tio

ne
d 

in 
Ta

bl
e 

12
, t

ha
t 

m
ay

 s
ho

w
 

su
ch

 d
isp

er
sio

n 
ou

tsi
de

 th
e 

ar
ea

, 
is 

es
tim

at
ed

 a
s 

ab
ou

t 1
%

 fo
r a

du
lt 

A
st

er
ia

s 
ru

be
ns

, 2
%

 fo
r a

du
lt 

O
ph

iu
ra

 
te

xt
ur

at
a, 

45
%

 fo
r 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s 

an
d 

13
%

 fo
r l

ar
ge

 L
io

ca
rc

in
us

 h
ol

sa
tu

s. 
Fo

r A
st

er
ia

s 
ru

be
ns

 a
nd

 
O

ph
iu

ra
 te

xt
ur

at
a,

 s
pe

ci
es

 th
at

 w
er

e 
sa

m
pl

ed
 w

ith
 th

e 
3-

m
 b

ea
m

 tr
aw

l a
lm

os
t i

m
m

ed
ia

te
ly

 a
fte

r t
ra

w
lin

g,
 it

 is
 

un
lik

ely
 t

ha
t 

hi
gh
 n

um
be

rs
 o

f 
da

m
ag

ed
 a

ni
m

al
s 

w
er

e 
co

ns
um

ed
 i

n 
th

is 
sh

or
t 

pe
rio

d 
af

te
r 

tra
w

lin
g.
 I

t 
is 

th
er

ef
or

e 
as

su
m

ed
, t

ha
t t

he
 m

ajo
rit

y 
of

 th
e 

m
iss

in
g 

an
im

al
s 

w
er

e 
di

sp
er

se
d 

ou
tsi

de
 th

e 
stu

dy
 a

re
a,
 a

nd
 th

at
 

th
e 

no
n-

ca
tc

h 
m

or
ta

lit
y 

fo
r 

ad
ul

ts 
of
 t

he
se
 t

w
o 

sp
ec

ie
s 

is 
lit

tle
 m

or
e 

th
an
 t

he
 m

in
im

um
 e

st
im

at
e.
 F

or
 

C
or

ys
te

s 
ca

ss
iv

el
au

nu
s 

an
d 

Li
oc

ar
ci

nu
s 

ho
ls

at
us

 t
ha

t 
w

er
e 

sa
m

pl
ed
 w

ith
 t

he
 T

rip
le-

D 
(o

f 
w

hi
ch
 t

he
 t
r 

sa
m

pl
in

g 
to

ok
 p

la
ce

 m
or

e 
th

an
 1

2 
ho

ur
s 

af
te

r t
ra

w
lin

g)
, t

he
 n

on
-c

at
ch

 m
or

tal
ity

 is
 e

st
im

at
ed

 a
s 

be
tw

ee
n 

th
e 

m
in

im
um

 e
st

im
at

e 
an

d 
th

e 
pe

rc
en

ta
ge

 m
iss

in
g 

an
im

al
s 

(i.
e. 

ali
 m

iss
in

g 
an

im
al

s 
ar

e 
ki

lle
d 

in:
 th

e 
st

ud
y 

ar
ea

).
N

on
-c

at
ch

 m
or

ta
lit

y 
m

ay
 b

e 
un

de
re

st
im

at
ed

, w
he

n 
an

im
al

s t
ha

t w
er

e 
da

m
ag

ed
 o

r e
xp

os
ed

 d
ue

 to
 tr

aw
lin

g,
 

w
er

e 
no

t y
et
 c

on
su

m
ed

 d
ur

in
g 

th
e 

ti 
sa

m
pl

in
g 

(w
ith

in
 2

4 
ho

ur
s 

af
te

r t
ra

w
lin

g 
in 

th
e 

st
ud

ie
s 

in 
IJ

m
ui

de
n 

an
d 

Eg
m

on
d)

. A
li 

da
m

ag
ed

 a
ni

m
al

s 
in 

th
e 

ca
tc

h 
w

er
e 

co
un

te
d 

as
 a

liv
e, 

as
 th

es
e 

co
ul

d 
be

 d
am

ag
ed

 a
iso

 b
y 

th
e 

sa
m

pl
in

g 
ge

ar
 it

se
lf 

(th
is 

be
ca

m
e 

cl
ea

r 
in 

th
e 

ini
tia

l s
am

pl
in

g)
. 

Fo
r 

sp
ec

ie
s 

ca
ug

ht
 in

 l
ar

ge
 n

um
be

rs
 in

 th
e 

sa
m

pl
in

g 
ge

ar
 (

e.
g.
 S

pi
su

la
 s

ub
tru

nc
at

a 
in 

th
e 

Tr
ip

le-
D)
 i

t 
w

as
 p

os
sib

le
 t

o 
es

tim
at

e 
th

e 
pe

rc
en

ta
ge
 o

f 
an

im
al

s 
th

at
 w

er
e 

da
m

ag
ed
 b

y 
th

e 
sa

m
pl

in
g 

ge
ar
 i

tse
lf,
 b

y 
us

in
g 

th
e 

pe
rc

en
ta

ge
s 

br
ok

en
 i

n 
th

e 
ini

tia
l 

sa
m

pl
in

g.
 T

he
 p

er
ce

nt
ag

e 
of
 a

ni
m

al
s, 

th
at
 w

er
e 

da
m

ag
ed
 b

y 
th

e 
co

m
m

er
ci

al
 t

ra
wl

in
g,
 b

ut
 w

er
e 

no
t 

ye
t 

co
ns

um
ed

 b
ef

or
e 

th
e 

ti-
sa

m
pl

in
g,
 c

ou
ld

 th
er

ef
or

e 
be

 c
al

cu
la

te
d.
 I

n 
S.
 s

ub
tru

nc
at

a,
 t

he
 u

nd
er

es
tim

at
io

n 
of 

no
n-

ca
tc

h 
m

or
tal

ity
 a

pp
ea

re
d 

to
 b

e 
co

ns
id

er
ab

le
 (

IJ
m

ui
de

n 
st

ud
y 

30
%

; 
Eg

m
on

d 
stu

dy
 3

8%
). 

Fo
r 

sp
ec

ie
s 

th
at
 a

re
 l

es
s 

ab
un

da
nt

, o
r a

re
 c

au
gh

t i
n 

ot
he

r s
am

pl
in

g 
ge

ar
s, 

it 
ap

pe
ar

ed
 n

ot
 p

os
sib

le
 to

 s
ep

ar
at

e 
an

im
al

s 
th

at
 w

er
e 

da
m

ag
ed

 b
y 

th
e 

sa
m

pl
in

g 
ge

ar
 fr

om
 th

os
e,

 th
at

 w
er

e 
da

m
ag

ed
 b

y 
th

e 
tra

w
ls.

 F
or

 th
es

e 
sp

ec
ie

s, 
it 

is 
no

t c
le

ar
 to

 w
ha

t e
xt

en
d 

th
is 

pr
ob

le
m

 in
flu

en
ce

s 
th

e 
es

tim
at

es
 o

f n
on

-c
at

ch
 m

or
tal

ity
. A

n 
un

de
re

sti
m

at
io

n 
is 

m
os

t l
ik

ely
 to

 o
cc

ur
 in

 s
pe

ci
es

 th
at

 w
er

e 
sa

m
pl

ed
 w

ith
 t

he
 3

-m
 b

ea
m

 tr
aw

l, 
im

m
ed

ia
te

ly
 a

fte
r t

ra
wl

in
g.
 I

n 
m

os
t o

f t
he

se
 s

pe
ci

es
, h

ow
ev

er
, t

hi
s 

pr
ob

le
m

 is
 a

ss
um

ed
 to

 b
e 

of
 m

in
or

 im
po

rta
nc

e,
 a

s 
sta

rfi
sh

 e
.g

. a
re

 li
ttle

 
vu

ln
er

ab
le

, a
nd

 m
or

eo
ve

r a
re

 c
ap

ab
le

 to
 r

eg
en

er
at

e.
 T

he
 n

on
-c

at
ch

 m
or

tal
ity

 o
f 

on
ly
 E

up
ag

ur
us

 b
em

ar
du

s 
m

ay
 h

av
e 

be
en

 u
nd

er
es

tim
at

ed
 d

ue
 to

 th
is 

pr
ob

le
m

.

A
du

lts
 o

f 
th

e 
ex

tre
m

el
y 

fra
gi

le
 s

pe
ci

es
 E

ch
in

oc
ar

di
um

 c
or

da
tu

m
 s

ho
w

ed
 a

 (
no

n 
sig

ni
fic

an
t) 

de
cr

ea
se
 i

n 
de

ns
ity

 in
 th

e 
bo

x 
co

re
r 

sa
m

pl
in

g 
(V

lie
lan

d 
stu

dy
), 

w
he

re
as

 th
e 

de
ns

ity
 in

 t
he

 T
rip

le-
D 

sa
m

pl
in

g 
sh

ow
ed

 a
 

sig
ni

fic
an

t d
ec

re
as

e 
of

 5
6%

 (E
gm

on
d 

stu
dy

). 
A 

lik
ely

 e
xp

la
na

tio
n 

fo
r t

hi
s 

ex
tre

m
er

 d
ec

re
as

e 
in 

de
ns

ity
 in

 th
e 

Tr
ip

le-
D 

sa
m

pl
in

g,
 m

ay
 b

e 
fo

un
d 

in 
th

e 
lim

ite
d 

wo
rk

in
g 

de
pt

h 
(1

0 
cm

) 
of
 t

hi
s 

ge
ar

. 
In
 t

hi
s 

ge
ar

, 
on

ly
 th

e 
an

im
al

s 
liv

ing
 in

 th
e 

up
pe

rm
os

t s
ed

im
en

t l
ay

er
 w

er
e 

ca
ug

ht
, t

ho
se

 th
at

 w
er

e 
lik

ely
 to

 b
e 

hi
t b

y 
th

e 
pa

ss
in

g

19
0



tra
w

l. 
Th

e 
de

cr
ea

se
 fo

un
d 

in 
th

e 
bo

x 
co

re
r s

am
pl

in
g 

is 
th

er
ef

or
e 

m
or

e 
re

al
ist

ic
 (T

ab
le
 1

3)
. I

n 
a 

st
ud

y 
in 

a 
so

ft 
bo

tto
m
 a

re
a,
 m

or
tal

ity
 o

f t
hi

s 
sp

ec
ie

s 
w

as
 f

ou
nd

 t
o 

be
 m

uc
h 

lo
w

er
, 

ap
pa

re
nt

ly
 b

ec
au

se
 th

e 
m

aj
or

ity
 li

ve
d 

de
ep

 i
n 

th
e 

se
di

m
en

t, 
ou

t 
of
 r

ea
ch
 o

f 
th

e 
tic

kl
er
 c

ha
in

s 
(v

an
 S

an
tb

rin
k 

& 
Be

rg
m

an
, 

th
is 

re
po

rt)
. 

Si
nc

e 
m

or
tal

ity
 o

f 
E.
 c

or
da

tu
m
 d

ue
 t

o 
co

m
m

er
ci

al
 t

ra
wl

in
g 

is 
hi

gh
ly
 d

ep
en

de
nt
 o

n 
th

e 
bu

rro
w

in
g 

de
pt

h 
of
 t

he
 

an
im

al
s, 

re
su

lts
 o

f 
a 

st
ud

y 
ca

n 
no

t b
e 

ex
tra

po
la

te
d 

to
 o

th
er

 p
ar

t 
of
 th

e 
No

rth
 S

ea
, 

as
 th

e 
m

ea
n 

bu
rro

wi
ng

 
de

pt
h 

de
pe

nd
s 

on
 e

.g
. t

yp
e 

of
 s

ed
im

en
t, 

se
as

on
, a

nd
 s

iz
e 

of
 th

e 
an

im
al

s.
Fo

r 
D

on
ax
 v

itt
at

us
 a
 n

on
 s

ig
ni

fic
an

t 
de

cr
ea

se
 (

42
%

) 
in 

de
ns

ity
 w

as
 f

ou
nd
 i

n 
th

e 
bo

x 
co

re
r 

sa
m

pl
in

g,
 

w
he

re
as
 i

n 
th

e 
sa

m
pl

in
g 

wi
th
 t

he
 f

irs
t 

pr
ot

ot
yp

e 
of
 t

he
 d

re
dg

e 
a 

sig
ni

fic
an

t 
de

cr
ea

se
 o

f 
49

%
 w

as
 f

ou
nd

. 
A

lth
ou

gh
 b

ot
h 

sa
m

pl
in

g 
m

et
ho

ds
 h

ad
 l

im
ita

tio
ns

, 
as
 t

he
 b

ox
 c

or
er
 i

s 
no

t 
su

ita
bl

e 
fo

r 
re

lia
bl

y 
es

tim
at

in
g 

de
ns

iti
es

 o
f c

lu
st

er
ed

 s
pe

ci
es

 a
nd

 th
e 

fir
st 

pr
ot

ot
yp

e 
of

 th
e 

dr
ed

ge
 d

id
 n

ot
 s

am
pl

e 
qu

an
tit

at
iv

e 
re

lia
bl

e, 
bo

th
 

re
su

lts
 in

di
ca

te
d 

th
at

 th
e 

de
ns

ity
 o

f t
hi

s 
sp

ec
ie

s 
is 

pr
ob

ab
ly

 c
on

sid
er

ab
ly

 lo
w

er
ed

 d
ue

 to
 tr

aw
lin

g 
(T

ab
le
 1

3)
. 

Th
e 

un
ch

an
ge

d 
de

ns
ity

 o
f 

D.
 v

itt
at

us
, 

as
 o

bs
er

ve
d 

af
te

r 
tra

w
lin

g 
in 

th
e 

Tr
ip

le-
D 

sa
m

pl
in

g 
in 

th
e 

Eg
m

on
d 

stu
dy

, i
s p

ro
ba

bl
y 

ca
us

ed
 b

y 
th

e 
lo

w 
nu

m
be

rs
 in

 th
e 

ca
tc

he
s.

In 
st

ud
ie

s 
on

 e
ff

ec
ts 

of
 b

ea
m

 tr
aw

lin
g 

on
 s

of
t b

ot
to

m
s, 

th
e 

no
n-

ca
tc

h 
m

or
tal

ity
 o

f m
ol

lu
sc

 s
pe

ci
es

 s
ee

m
ed

 
to
 b

e 
re

la
te

d 
to

 th
e 

so
lid

ity
 o

f t
he

 s
he

ll 
(v

an
 S

an
tb

rin
k 

& 
Be

rg
m

an
, 

th
is 

EC
-F

AR
. 

re
po

rt)
. 

In 
th

is 
st

ud
y 

on
 

sa
nd

y 
se

di
m

en
ts
 h

ow
ev

er
, 

th
is 

re
la

tio
n 

is 
no

t 
fo

un
d.
 H

ig
h 

m
or

ta
lit

ie
s 

w
er

e 
fo

un
d 

in 
bo

th
 f

ra
gi

le
 s

pe
ci

es
 

(M
ac

tra
 c

or
al

lin
a, 

A
br

a 
al

ba
), 

an
d 

so
lid
 s

he
lle

d 
sp

ec
ie

s 
(D

on
ax
 v

itt
at

us
, 

Sp
isu

la
 s

ub
tru

nc
at

a)
. 

A 
m

or
e 

fr
eq

ue
nt
 t

ra
w

lin
g 

of
 t

he
 s

ea
be

d 
re

su
lte

d 
in 

an
 

in
cr

ea
se

d 
no

n-
ca

tc
h 

m
or

tal
ity
 i

n 
th

e 
bi

va
lv

e 
Sp

isu
la

 
su

bt
ru

nc
at

a,
 r

an
gi

ng
 f

ro
m

 6
0-

64
%

 (
af

te
r t

ra
w

lin
g 

th
e 

ar
ea

 2
 to

 3
 ti

m
es

) t
o 

76
%

 (
af

te
r t

ra
wl

in
g 

8 
tim

es
). 

It 
is 

re
m

ar
ka

bl
e,
 t

ha
t t

he
 p

er
ce

nt
ag

e 
no

n-
ca

tc
h 

m
or

tal
ity

 s
ho

w
s 

on
ly
 li

ttl
e 

in
cr

ea
se

 w
ith

 a
n 

in
cr

ea
se
 i

n 
tra

wl
in

g 
fre

qu
en

cy
. 

Th
e 

sig
ni

fic
an

tly
 d

ec
re

as
ed

 d
en

sit
y 

of
 C

ha
m

el
ea

 g
al

lin
a, 

as
 f

ou
nd

 in
 th

e 
dr

ed
ge

 s
am

pl
es

 in
 th

e 
V

lie
lan

d 
st

ud
y 

m
ay

 b
e 

du
e 

to
 th

e 
to

o 
lo

w 
nu

m
be

rs
 in

 th
e 

ca
tc

he
s 

or
 to

 th
e 

un
re

lia
bi

lit
y 

of
 th

is 
ea

rly
 p

ro
to

ty
pe

, 
an

d 
is 

th
er

ef
or

e 
co

ns
id

er
ed

 to
 b

e 
le

ss
 r

ea
lis

tic
 (T

ab
le
 1

3)
.

D
en

sit
ie

s 
of
 f

ra
gi

le
 s

pe
ci

es
 a

s 
A

ng
ul

us
 s

pp
. 

ap
pe

ar
ed

 n
ot
 t

o 
be

 a
ffe

ct
ed

. 
Po

ss
ib

ly
 th

is 
sp

ec
ie

s 
liv

es
 to

 
de

ep
 i

n 
th

e 
sa

nd
y 

se
ab

ed
 t

o 
be
 h

it 
by

 t
he

 t
ic

kl
er
 c

ha
in

s. 
Ai

so
 t

he
 d

ee
p 

bu
rro

w
in

g 
bi

va
lv

e 
En

si
s 

sp
p.

 
ap

pe
ar

ed
 a

is
o 

to
 li

ve
 o

ut
 o

f r
ea

ch
 o

f t
he

 b
ea

m
 tr

aw
l.

It 
is 

no
t 

po
ss

ib
le

, 
to
 a

sc
rib

e 
di

ffe
re

nc
es
 i

n 
th

e 
no

n-
ca

tc
h 

m
or

tal
ity

, 
as
 f

ou
nd

 i
n 

th
e 

th
re

e 
st

ud
ie

s, 
to
 t

he
 

in
te

ns
ity

 o
f t

ra
w

lin
g 

(1
.5

 ti
m

es
 th

e 
st

ud
y 

ar
ea

 in
 t

he
 I

Jm
ui

de
n 

st
ud

y 
an

d 
2 

tim
es
 in

 t
he

 o
th

er
 s

tu
di

es
). 

Th
e 

us
e 

of
 d

iff
er

en
t 

sa
m

pl
in

g 
ge

ar
s 

(fi
rst
 p

ro
to

ty
pe
 d

re
dg

e,
 T

rip
le-

D,
 3

-m
 b

ea
m
 t

ra
wl

) 
as
 w

ell
 a

s 
di

ffe
re

nt
 

co
m

m
er

ci
al
 g

ea
rs
 (

"s
ou

th
 n

et
s"
 o

ff 
Vl

iel
an

d 
an

d 
"n

or
th
 n

et
s"
 o

ff 
IJ

m
ui

de
n 

an
d 

Eg
m

on
d)

, 
th

e 
di

ffe
re

nt
 

se
as

on
s 

in 
w

hi
ch

 th
e 

st
ud

ie
s 

w
er

e 
ca

rri
ed

 o
ut
 a

s 
we

ll 
as

 th
e 

he
av

y 
sw

el
l i

n 
th

e 
IJ

m
ui

de
n 

stu
dy

, 
m

ay
 h

av
e 

in
flu

en
ce

d 
th

e 
no

n-
ca

tc
h 

m
or

tal
ity

. 
As
 i

t i
s 

no
t 

po
ss

ib
le

, 
to
 d

ist
in

gu
ish

 t
he

 i
m

pa
ct

s 
of
 a

li 
th

es
e 

fa
ct

or
s, 

a 
ra

ng
e 

of
 p

er
ce

nt
ag

es
 o

f 
no

n-
ca

tc
h 

m
or

tal
ity

 a
fte

r 
tra

w
lin

g 
th

e 
ar

ea
 1

.5
 t

o 
2 

tim
es
 i

s 
es

tim
at

ed
 f

or
 e

ac
h 

sp
ec

ie
s 

(T
ab

le
 1

3)
.

4.3
. T

OT
AL

 M
OR

TA
LI

TY

Ca
tc

h 
m

or
ta

lit
y 

af
te

r t
ra

w
lin

g 
an

 a
re

a 
on

ce
, a

s 
we

ll 
as

 e
xp

ec
te

d 
ca

tc
h 

m
or

tal
ity

, n
on

-c
at

ch
 m

or
ta

lit
y 

an
d 

to
ta

l 
m

or
tal

ity
 a

fte
r t

ra
w

lin
g 

1.
5 

or
 2

 ti
m

es
, a

re
 g

iv
en

 in
 T

ab
le
 1

3.
 T

hi
s 

to
ta

l 
m

or
tal

ity
 is

 c
al

cu
la

te
d 

as
 th

e 
su

m
 o

f 
ex

pe
ct

ed
 c

at
ch

 m
or

ta
lit

y 
an

d 
no

n-
ca

tc
h 

m
or

tal
ity

 a
fte

r t
ra

w
lin

g 
an

 a
re

a 
1.

5 
or

 2 
tim

es
.

In 
ge

ne
ra

l, 
th

e 
(e

xp
ec

te
d)

 c
at

ch
 m

or
tal

ity
 a

fte
r t

ra
w

lin
g 

an
 a

re
a 

1.
5 

to
 2

 ti
m

es
, i

s 
hi

gh
er

 th
an

 a
fte

r t
ra

wl
in

g 
on

ce
. N

on
-c

at
ch

 m
or

ta
lit

y 
af

te
r c

om
pl

et
e 

tra
wl

in
g,
 is

 p
ro

ba
bl

y 
ai

so
 h

ig
he

r t
ha

n 
af

te
r t

ra
w

lin
g 

on
ce

. I
t i

s 
lik

ely
, 

th
at

 n
on

-c
at

ch
 m

or
ta

lit
y 

af
te

r t
ra

w
lin

g 
1.

5 
to

 2
 ti

m
es

 m
ay

 b
e 

ev
en

 d
isp

ro
po

rti
on

at
el

y 
hi

gh
er

 fo
r i

m
m

ig
ra

tin
g 

or
 

bu
rro

w
in

g 
sp

ec
ie

s. 
Of

 i
m

m
ig

ra
tin

g 
sp

ec
ie

s, 
re

la
tiv

el
y 

m
or

e 
an

im
al

s 
ar

e 
af

fe
ct

ed
 in

 t
he

 s
ec

on
d 

tra
wl

in
g.
 O

f 
bu

rro
w

in
g 

sp
ec

ie
s 

(s
uc

h 
as

 b
iv

al
ve

s 
an

d 
C.
 c

as
siv

el
au

nu
s)

, 
sp

ec
im

en
s 

th
at

 w
er

e 
du

g 
ou

t 
in 

th
e 

fir
st 

ha
ul

s 
w

er
e 

m
or

e 
lik

ely
 t

o 
be
 d

am
ag

ed
 b

y 
th

e 
tic

kl
er
 c

ha
in

s 
du

rin
g 

th
e 

se
co

nd
 t

ra
wl

in
g.
 A

pp
ar

en
tly

, 
fo

r 
m

os
t 

sp
ec

ie
s, 

th
e 

to
ta

l m
or

ta
lit

y 
af

te
r t

ra
w

lin
g 

an
 a

re
a 

1.
5 

to
 2

 ti
m

es
, 

as
 f

ou
nd

 in
 th

is 
stu

dy
, 

is 
hi

gh
er

 th
an

 a
fte

r 
tra

w
lin

g 
an

 a
re

a 
on

ce
.
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To
ta

l m
or

tal
ity

 c
ou

ld
 n

ot
 b

e 
de

te
rm

in
ed

 fo
r 7

0%
 o

f t
he

 fi
sh

 s
pe

ci
es

 th
at

 w
er

e 
fo

un
d,
 a

s 
we

ll 
as

 2
5%

 o
f t

he
 

ec
hi

no
de

rm
s, 

30
%

 o
f t

he
 m

ol
lu

sc
s, 

65
%

 o
f t

he
 c

ru
st

ac
ea

ns
, 

an
d 

35
%
 o

f 
sm

al
l 

an
ne

lid
s 

an
d 

ot
he

r 
gr

ou
ps

. 
M

os
t o

f t
he

se
 s

pe
ci

es
 w

er
e 

ca
ug

ht
 in

 v
er

y 
lo

w 
nu

m
be

rs
.

4.4
. I

ND
IC

AT
IO

NS
 F

OR
 S

CA
VE

NG
IN

G

Al
i c

ar
ni

vo
ro

us
 a

ni
m

al
s, 

th
at
 a

re
 p

re
se

nt
 i

n 
th

e 
stu

dy
 a

re
a 

sh
or

tly
 a

fte
r 

tra
wl

in
g,
 c

an
 b

e 
co

ns
id

er
ed
 a

s 
po

te
nt

ia
l 

sc
av

en
ge

rs
 o

r 
pr

ed
at

or
s 

on
 a

ni
m

al
s 

th
at
 a

re
 d

am
ag

ed
 o

r 
ex

po
se

d 
by

 t
he

 t
ra

w
ls.
 F

or
 s

ev
er

al
 

ro
un

df
ish

 a
nd

 fl
atf

ish
 s

pe
ci

es
 a

s 
we

ll 
as

 in
ve

rte
br

at
es

, s
ca

ve
ng

in
g 

ha
s 

be
en

 d
es

cr
ib

ed
 (

e.g
. A

rn
tz

 &
 W

eb
er

, 
19

70
; C

ad
dy

, 1
97

3;
 K

ai
se

r &
 S

pe
nc

er
, t

hi
s 

re
po

rt;
 R

um
oh

r &
 K

ro
st

, 
19

91
 ).

In 
th

is 
stu

dy
, 

a 
di

re
ct
 i

nd
ic

ati
on

 f
or

 s
ca

ve
ng

in
g 

ca
n 

be
 f

ou
nd

 i
n 

th
e 

co
m

pa
ris

on
 o

f 
st

om
ac

h 
co

nt
en

ts
 o

f 
an

im
al

s, 
th

at
 a

re
 c

au
gh

t 
in 

th
e 

st
ud

y 
ar

ea
 a

fte
r 

tra
wl

in
g,
 t

o 
st

om
ac

h 
co

nt
en

ts 
of
 a

ni
m

al
s 

ca
ug

ht
 b

ef
or

e 
tra

wl
in

g.
 S

ca
ve

ng
in

g 
is 

cl
ea

rly
 d

em
on

st
ra

te
d 

in 
da

b,
 a

s 
th

e 
w

ei
gh

t o
f t

he
 s

to
m

ac
h 

co
nt

en
t o

f 
an

im
al

s 
af

te
r 

tra
wl

in
g 

w
as

 h
ig

he
r, 

an
d 

th
e 

co
m

po
sit

io
n 

of
 p

re
y 

ite
m

s 
ha

d 
ch

an
ge

d.
 F

ur
th

er
m

or
e,
 t

he
se

 s
to

m
ac

h 
co

nt
en

ts 
co

ns
ist

ed
 to

 a
 la

rg
e 

ex
te

nd
 o

f s
pe

ci
es

 th
at

 w
er

e 
un

lik
ely

 to
 h

av
e 

no
rm

al
ly

 fa
lle

n 
pr

ey
 to

 d
ab

, s
uc

h 
as

 D
on

ax
 

vi
tta

tu
s. 

Th
e 

sm
al

l a
m

ou
nt

 o
f f

le
sh

 o
f 

D.
 v

itt
at

us
 (<

3%
 o

f t
he

 a
m

ou
nt

 in
 th

e 
t-i

-sa
m

pl
in

g)
, t

ha
t w

as
 f

ou
nd

 in
 

st
om

ac
hs

 o
f d

ab
 in

 t
he

 t0
-s

am
pl

in
g,
 c

an
 p

re
su

m
ab

ly
 b

e 
as

cr
ib

ed
 to

 s
ca

ve
ng

in
g 

on
 b

iv
al

ve
s, 

th
at
 w

er
e 

du
g 

ou
t d

ur
in

g 
th

e 
t0

-s
am

pl
in

g 
of

 th
e 

dr
ed

ge
.

Th
e 

ac
cu

m
ul

at
io

n 
of
 a

 p
re

da
to

ry
 s

pe
ci

es
 i

n 
a 

re
ce

nt
ly
 t

ra
w

le
d 

ar
ea
 c

an
 b

e 
co

ns
id

er
ed
 a

s 
an
 i

nd
ire

ct 
in

di
ca

tio
n 

fo
r 

sc
av

en
gi

ng
. 

In 
th

e 
3-

m
 b

ea
m
 tr

aw
l 

sa
m

pl
in

g,
 a

 s
ig

ni
fic

an
t 

ac
cu

m
ul

at
io

n 
of
 e

pi
fa

un
a 

sp
ec

ie
s 

(th
os

e 
sp

ec
ie

s 
th

at
 i

n 
th

e 
in

iti
al 

sa
m

pl
in

g 
ar

e 
ca

ug
ht
 in

 h
ig

he
r d

en
sit

ie
s 

in 
th

e 
3-

m
 b

ea
m

 tr
aw

l t
ha

n 
in 

th
e 

Tr
ip

le-
D)

 is
 n

ot
 fo

un
d.

 A
 n

on
 s

ig
ni

fic
an

t i
nc

re
as

e 
in 

de
ns

ity
 is

 fo
un

d 
fo

r d
ab

 (
>2

0 
cm

), 
pl

ai
ce

 (
>0

-g
ro

up
) 

an
d 

A
st

er
ia

s 
ru

be
ns

 (
Ta

bl
e 

4,
 t

0-
t2)

. 
In 

th
e 

Tr
ip

le-
D 

sa
m

pl
in

g,
 a

 s
ig

ni
fic

an
t 

ac
cu

m
ul

at
io

n 
w

as
 f

ou
nd

 f
or
 s

m
all

 
Li

oc
ar

ci
nu

s 
ho

ls
at

us
. 

It 
sh

ou
ld
 b

e 
no

te
d,
 t

ha
t 

ac
cu

m
ul

at
io

n 
of
 e

pi
be

nt
hi

c 
sp

ec
ie

s 
w

as
 e

st
im

at
ed

 o
nl

y 
by

 
sa

m
pl

in
g 

24
 h

ou
rs
 a

fte
r t

ra
wl

in
g,
 a

nd
 a

cc
um

ul
at

io
n 

af
te

r t
hi

s 
m

om
en

t 
(e

.g
. 

in 
slo

w
 m

ov
in

g 
sp

ec
ie

s 
su

ch
 a

s 
sta

rfi
sh

) 
ha

s 
no

t b
ee

n 
no

tic
ed

. 
In 

ge
ne

ra
l, 

sc
av

en
gi

ng
 b

eh
av

io
ur

 c
an

no
t b

e 
ex

cl
ud

ed
, e

ve
n 

w
he

n 
a 

sp
ec

ie
s 

do
es

 n
ot

 a
cc

um
ul

at
e.

Of
 a

 s
pe

ci
es

 th
at
 a

ct
s 

as
 s

ca
ve

ng
er

, t
he

 c
on

tri
bu

tio
n 

to
 th

e 
to

ta
l s

ca
ve

ng
in

g 
is 

de
pe

nd
in

g 
on

 th
e 

fe
ed

in
g 

ra
te

, t
he

 in
iti

al 
de

ns
ity

, t
he

 p
er

ce
nt

ag
e 

of
 a

ni
m

al
s 

sti
ll 

pr
es

en
t o

n 
th

e 
ar

ea
 im

m
ed

ia
te

ly
 a

fte
r t

he
 p

as
si

ng
 o

f 
th

e 
tra

w
l, 

an
d 

th
e 

im
m

ig
ra

tio
n 

ra
te

 o
f a

ni
m

al
s 

in
to

 th
e 

tra
w

le
d 

ar
ea

. 
In 

th
es

e 
st

ud
ie

s, 
th

e 
sp

ec
ie

s 
de

pe
nd

en
t 

im
m

ig
ra

tio
n 

ra
te
 c

an
 b

e 
ca

lc
ul

at
ed

 f
ro

m
 t

he
 3

-m
 b

ea
m
 t

ra
w

l 
sa

m
pl

in
g,
 a

s 
th

e 
in

cr
ea

se
 i

n 
de

ns
ity

 in
 t

he
 

in
te

rv
al 

be
tw

ee
n 

ti 
an

d 
t2
 p

ro
po

rti
on

al
 t

o 
th

e 
ini

tia
l 

de
ns

ity
. 

It 
w

as
 a

ss
um

ed
, 

th
at
 t

hi
s 

ini
tia

l 
de

ns
ity

 w
as

 
sim

ila
r t

o 
th

e 
de

ns
ity

 ju
st 

ou
tsi

de
 th

e 
ar

ea
 d

ur
in

g 
ti 

an
d 

t2
 s

am
pl

in
g.

 T
he

 h
ig

he
st 

im
m

ig
ra

tio
n 

ra
te

 w
as

 fo
un

d 
fo

r p
la

ic
e 

(>
0 

gr
ou

p;
 7

2%
). 

So
le

a 
so

le
a 

sh
ow

ed
 a

n 
im

m
ig

ra
tio

n 
ra

te
 o

f 
49

%
. 

In 
th

e 
24

 h
ou

rs
 p

er
io

d 
af

te
r 

tra
w

lin
g,
 d

ab
 s

ho
w

ed
 a

 n
eg

at
iv

e 
im

m
ig

ra
tio

n 
ra

te
, 

in
di

ca
tin

g 
th

at
 th

is 
sp

ec
ie

s 
w

as
 le

av
in

g 
th

e 
ar

ea
, 

af
te

r a
n 

ini
tia

l i
m

m
ig

ra
tio

n 
du

rin
g 

tra
wl

in
g.
 D

ab
 is

 p
ro

ba
bl

y 
a 

sc
av

en
gi

ng
 s

pe
ci

es
, t

ha
t, 

at
tra

ct
ed

 b
y 

da
m

ag
ed

 a
ni

m
al

s 
on

 th
e 

se
ab

ed
, r

ap
id

ly
 in

va
de

s 
an

 a
re

a 
to

 s
ca

ve
ng

e 
du

rin
g 

a 
re

la
tiv

e 
sh

or
t p

er
io

d.
Of

 a
li 

in
ve

rte
br

at
e 

sp
ec

ie
s, 

th
e 

im
m

ig
ra

tio
n 

ra
te

 o
f o

nl
y 

A
st

er
ia

s 
ru

be
ns

 is
 in

 a
 s

am
e 

or
de

r o
f m

ag
ni

tu
de

 a
s 

fis
h 

(5
8%

), 
th

e 
ot

he
r 

sp
ec

ie
s 

sh
ow

in
g 

co
ns

id
er

ab
ly
 

lo
w

er
 

im
m

ig
ra

tio
n 

ra
te

s 
(1

9%
 

fo
r 

Eu
pa

gu
ru

s 
be

rn
ha

rd
us

). 
Th

es
e 

re
la

tiv
e 

di
ffe

re
nc

es
 in

 im
m

ig
ra

tio
n 

ra
te

 b
et

w
ee

n 
sp

ec
ie

s 
m

ay
 a

iso
 a

pp
ea

r i
n 

ot
he

r a
re

as
 

un
de

r s
im

ila
r c

on
di

tio
ns

 (
eg

. t
em

pe
ra

tu
re

, s
ea

so
n,
 b

ot
to

m
 ty

pe
). 

H
ow

ev
er

, t
hi

s 
ha

s 
ye

t t
o 

be
 e

sta
bl

ish
ed

 in
 

fu
tu

re
 s

tu
di

es
. A

s 
th

e 
po

ss
ib

le
 f

ee
di

ng
 r

at
e 

of
 th

e 
im

m
ig

ra
tin

g 
sp

ec
ie

s 
is 

un
kn

ow
n,
 n

o 
co

nc
lu

sio
ns

 c
an

 b
e 

dr
aw

n 
on

 th
e 

co
nt

rib
ut

io
n 

of
 th

es
e 

sp
ec

ie
s t

o 
to

ta
l s

ca
ve

ng
in

g.
Sc

av
en

gi
ng

 a
ni

m
al

s 
no

t o
nl

y 
fe

ed
 o

n 
an

im
al

s 
th

at
 a

re
 e

xp
os

ed
 o

r d
am

ag
ed

 in
 th

e 
tra

w
l t

ra
ck

, b
ut
 a

iso
 o

n 
da

m
ag

ed
 o

r 
ki

lle
d 

an
im

al
s 

th
at
 a

re
 d

is
ca

rd
ed

 to
 t

he
 s

ea
. 

Re
ga

rd
in

g 
th

e 
hi

gh
 s

ur
vi

va
l 

of
 s

ta
rfi

sh
 (

A
ste

ria
s 

ru
be

ns
 ),

 w
he

n 
di

sc
ar

de
d 

fro
m

 th
e 

tra
w

le
r, 

th
is 

sp
ec

ie
s 

m
ay

 p
la

y 
a 

pr
om

in
en

t r
ol

e 
as

 s
ca

ve
ng

er
 o

n 
ot

he
r 

di
sc

ar
de

d 
(d

ea
d)

 a
ni

m
al

s.
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5. 
CO

N
CL

U
SI

O
N

S

Th
e 

fo
llo

wi
ng

 c
on

cl
us

io
ns

 o
n 

th
e 

to
ta

l m
or

tal
ity

 o
f b

en
th

ic
 fa

un
a,
 d

ue
 to

 tr
aw

lin
g 

an
 a

re
a 

1.
5 

to
 2

 ti
m

es
 w

ith
 

4-
m

 b
ea

m
 tr

aw
ls,

 c
an

 b
e 

dr
aw

n 
fro

m
 th

is 
stu

dy
:

To
ta

l 
m

or
ta

lit
y 

co
ul

d 
on

ly
 b

e 
es

tim
at

ed
 f

or
 a

 n
um

be
r 

of
 f

la
tfi

sh
 s

pe
ci

es
 (

da
b,
 p

la
ic

e,
 A

rn
og

lo
ss

us
 l

at
er

na
, 

Bu
gl

os
sid

iu
m
 l

ut
eu

m
 a

nd
 S

ol
ea

 s
ol

ea
 ) 

an
d 

ap
pe

ar
ed

 t
o 

va
ry
 c

on
sid

er
ab

ly
 b

et
w

ee
n 

sp
ec

ie
s 

an
d 

siz
e 

cl
as

se
s 

(2
-7

0%
 o

f t
he

 n
um

be
rs

 in
iti

all
y 

pr
es

en
t o

n 
th

e 
ar

ea
). 

It 
sh

ou
ld

 b
e 

st
re

ss
ed

, t
ha

t t
he

 to
ta

l m
or

tal
ity

 
of

 fi
sh

 m
ay

 b
e 

un
de

re
st

im
at

ed
, a

s 
th

e 
no

n-
ca

tc
h 

m
or

tal
ity

 c
ou

ld
 n

ot
 b

e 
es

tim
at

ed
.

To
ta

l 
m

or
tal

ity
 i

n 
ec

hi
no

de
rm

s 
w

as
 g

en
er

al
ly
 l

ow
 (

<6
%

) 
fo

r 
A

st
er

ia
s 

ru
be

ns
 a

nd
 O

ph
iu

ra
 t

ex
tu

ra
ta
 a

nd
 

co
ns

id
er

ab
le

 (4
4%

) f
or

 E
ch

in
oc

ar
di

um
 c

or
da

tu
m

.
Th

e 
m

ol
lu

sc
 s

pe
ci

es
, A

ng
ul

us
 sp

p.
, 

C
ha

m
el

ea
 g

al
lin

a 
an

d 
En

si
s s

pp
. w

er
e 

ha
rd

ly
 a

ffe
ct

ed
. T

ot
al
 m

or
tal

ity
 o

f 
A

br
a 

al
ba

, 
D

on
ax
 

vi
tta

tu
s, 

Eu
sp

ira
 p

ol
ia

na
, 

M
ac

tra
 

co
ra

lli
na

, 
Sp

isu
la
 

su
bt

ru
nc

at
a 

an
d 

Te
lli

m
ya

 
fe

rru
gi

no
sa

 v
ar

ie
d 

be
tw

ee
n 

4 
an

d 
84

%
, 

an
d 

is 
co

ns
id

er
ed

 t
o 

be
 a

 d
ire

ct
 e

ffe
ct
 o

f 
th

e 
pa

ss
ag

e 
of
 t

he
 

tic
kl

er
 c

ha
in

s, 
w

hi
ch

 d
am

ag
ed

 th
e 

an
im

al
s o

r e
xp

os
ed

 th
em

 to
 s

ca
ve

ng
er

s.
C

or
ys

te
s 

ca
ss

iv
el

au
nu

s 
sh

ow
ed

 a
 t

ot
al
 m

or
tal

ity
 o

f 
ap

pr
ox

im
at

el
y 

45
 t

o 
69

%
. 

La
rg

e 
Li

oc
ar

ci
nu

s 
ho

ls
at

us
 

sh
ow

ed
 a

 si
m

ila
r l

ev
el 

of
 m

or
tal

ity
 (2

2-
58

%
), 

w
he

re
as

 m
or

tal
ity

 o
f j

uv
en

ile
 s

pe
ci

m
en

s 
w

as
 v

er
y 

lo
w 

(-0
%

) 
To

ta
l m

or
ta

lit
y 

of
 E

up
ag

ur
us

 b
er

na
rd

us
 w

as
 e

st
im

at
ed

 a
s 

47
 to

 8
2%

.
In 

ge
ne

ra
l, 

th
e 

to
ta

l m
or

ta
lit

y 
of

 a
nn

el
id

 s
pe

ci
es

 a
nd

 so
m

e 
an

th
oz

oa
ns

 w
as

 lo
w 

(<
24

%
).

It 
sh

ou
ld
 b

e 
no

te
d 

th
at
 f

or
 m

os
t 

sp
ec

ie
s, 

th
e 

to
ta

l 
m

or
tal

ity
 a

fte
r 

tra
wl

in
g 

an
 a

re
a 

1.
5 

to
 2

 t
im

es
, 

is 
ge

ne
ra

lly
 h

ig
he

r t
ha

n 
af

te
r t

ra
w

lin
g 

an
 a

re
a 

on
ce

. T
hi

s 
di

ffe
re

nc
e 

m
ay

 b
e 

co
ns

id
er

ab
le

 fo
r i

m
m

ig
ra

tin
g 

(e
.g

. 
da

b)
 o

r b
ur

ro
w

in
g 

sp
ec

ie
s 

(e
.g

. b
iv

al
ve

s 
an

d 
Co

ry
ste

s c
as

si
ve

la
un

us
)

Th
e 

de
ep

 d
ig

gi
ng

 d
re

dg
e 

(T
rip

le-
D)

, w
hi

ch
 w

as
 d

ev
el

op
ed

 d
ur

in
g 

th
is 

EC
-F

AR
 p

ro
je

ct
, a

pp
ea

re
d 

to
 b

e 
a 

va
lu

ab
le

 to
ol

 in
 th

is 
ef

fe
ct

 st
ud

y.

N
on

e 
of
 t

he
 c

ar
ni

vo
ro

us
 s

pe
ci

es
, 

pr
es

en
t 

on
 t

he
 s

tu
dy

 a
re

a 
af

te
r t

ra
wl

in
g,
 c

ou
ld
 b

e 
ex

cl
ud

ed
 a

s 
po

te
nt

ia
l 

sc
av

en
ge

r 
or
 p

re
da

to
r 

on
 e

xp
os

ed
 i

nf
au

na
. 

In
 t

hi
s 

stu
dy

, 
st

om
ac

h 
co

nt
en

t 
an

al
ys

is 
an

d 
im

m
ig

ra
tio

n 
be

ha
vi

ou
r a

fte
r t

ra
w

lin
g,

 s
ho

w
ed

 th
at

 d
ab

 (>
0-

gr
ou

p)
 m

ay
 b

e 
co

ns
id

er
ed

 a
s 

th
e 

pr
ed

om
in

an
t s

ca
ve

ng
er

 o
n 

a 
re

ce
nt

ly
 tr

aw
le

d 
se

ab
ed

.

A
ck

no
w

le
dg

em
en

ts
.-  

Th
is 

re
se

ar
ch

 w
as

 f
un

de
d 

by
 th

e 
Eu

ro
pe

an
 C

om
m

un
ity

 u
nd

er
 F

A
R-

co
nt

ra
ct
 n

um
be

r
M

A 
2-

54
9 

(IM
PA

CT
 p

ro
je

ct
). 

Fi
na

nc
ia

l 
su

pp
or

t 
w

as
 a

iso
 p

ro
vi

de
d 

by
 P

ol
icy

 L
in

ke
d 

Ec
ol

og
ica

l 
R

es
ea

rc
h

No
rth

 S
ea

 a
nd

 W
ad

de
n 

Se
a 

(B
EO

N)
. T

ha
nk

s 
ar

e 
du

e 
to

 A
. S

ta
m

 fo
r h

is 
va

lu
ab

le
 c

on
tri

bu
tio

n 
to

 th
is 

stu
dy

.
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r. 

dt.
 w
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4 M BEAM TRAWL GEAR for HARD bottom, ‘SOUTH GEAR’, used In 1992

Fig
. 1

. C
om

me
rci

al 
4-m

 b
ea

m 
tra

wl
s u

se
d 

in 
th

e V
lie

lan
d s

tud
y.

20
7

TOTAL WEIGHT OF EACH GEAR IS ABOUT 1.175 TONS



4 M BEAM TRAWL GEAR for SANDY bottom, WEEK 16 AND 17 1993
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cr

ab
s 
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ht
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 c
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m
er
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al
 h

au
ls 
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th
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m
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be

am
 tr

aw
l a

re
 i

n 
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re
em

en
t w

ith
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th
er
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xp

er
im

en
ts
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s 

(th
is 

re
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rt)
 r

ep
or

ts 
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rv
iv

al
 r

at
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 o

f 
96

%
 f

or
 

sta
rfi

sh
, 

91
%
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or

 b
rit

tle
sta

rs
 a

nd
 7

8%
 f

or
 s

w
im

m
in

g 
cr

ab
s 

ca
ug

ht
 in

 t
he

 tr
aw

l, 
91

%
 f

or
 b

rit
tle

sta
rs
 a

nd
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1­
96

%
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r s
w

im
m

in
g 

cr
ab

s 
fro

m
 th

e 
co

d-
en

d 
co

ve
rin

g 
ne

t. 
K

ai
se

r &
 S

pe
nc

er
 (

19
93

b)
 r

ep
or

t s
ur

vi
va

l r
at

es
 o

f 
99

%
 fo

r s
ta

rfi
sh

, 
97

%
 f

or
 s

ea
m

ic
e,
 8

8%
 fo

r 
br

itt
le

sta
rs

, 
87

%
 f

or
 s

w
im

m
in

g 
cr

ab
s 

an
d 
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-1

00
%

 fo
r 
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rm
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cr
ab

s. 
Hi

gh
 s

ur
vi

va
l 

ra
te

s 
w

er
e 

re
co

rd
ed

 a
s 

we
ll 

fo
r 

in
ve

rte
br

at
es

 f
ro

m
 h

au
ls 

wi
th
 a
 1

2m
-b

ea
m
 t

ra
wl

. 
In 

ex
pe

rim
en

ts 
wi

th
 a

ni
m

al
s 

fro
m

 th
e 

tra
wl

, s
ur

vi
va

l 
ra

te
s 

of
 7

9-
97

%
 f

or
 s

ta
rfi

sh
, 

60
-9

9%
 f

or
 b

rit
tle

sta
rs

, 
60

­
91

%
 f

or
 s

w
im

m
in

g 
cr

ab
s, 

81
-1

00
%
 f

or
 h

er
m

it 
cr

ab
s, 

an
d 

77
-9

6%
 f

or
 s

ea
 m

ou
se
 w

er
e 

re
co

rd
ed
 (

BE
ON

 
19

90
, 1

99
1,
 1

99
2;
 F

on
ds

, t
hi

s 
re

po
rt)

. I
n 

ex
pe

rim
en

ts 
wi

th
 s

pe
ci

es
 fr

om
 a

 c
od

-e
nd

 c
ov

er
, B

EO
N 

(1
99

0)
 a

nd
 

Fo
nd

s 
(th

is 
re

po
rt)

 r
ec

or
de

d 
af

te
r t

w
o 

da
ys

 s
ur

vi
va

l r
at

es
 o

f 9
7-

99
%

 fo
r s

ta
rfi

sh
, 9

9%
 fo

r b
rit

tle
sta

rs
 a

nd
 8

3­
98

%
 fo

r s
w

im
m

in
g 

cr
ab

s. 
A

s s
ea

 u
rc

hi
ns

 h
av

e 
br

itt
le 

te
st

s 
m

ay
 b

e 
lo

w
er

 th
an

 o
th

er
 e

ch
in

od
er

m
s 

(s
ee

 K
ai

se
r 

& 
Sp

en
ce

r, 
19

93
b)

. H
ow

ev
er

, n
o 

su
rv

iv
al

 e
xp

er
im

en
ts 

w
er

e 
pe

rfo
rm

ed
 w

ith
 th

is 
sp

ec
ie

s.
Th

e 
re

co
rd

ed
 s

ur
vi

va
l 

ra
te

s 
of
 d

is
ca

rd
ed
 d

ab
 (

0-
21

%
) 

se
em

s 
to
 b

e 
in 

ag
re

em
en

t 
wi

th
 o

th
er
 f

ig
ur

es
 

re
po

rte
d 

by
 F

on
ds

 (
th

is 
re

po
rt)

 fo
r d

isc
ar

ds
 o

f a
 4

m
-b

ea
m

 tr
aw

l (
11

-2
5%

) 
an

d 
in 

ex
pe

rim
en

ts 
wi

th
 d

ab
 fr

om
 

ha
ul

s w
ith

 a
 1

2m
-b

ea
m

 tr
aw

l (
0-

38
%

 a
fte

r t
w

o 
da

ys
) 

(B
EO

N 
19

90
, 1

99
1 

; F
on

ds
 th

is 
re

po
rt)

.
Th

e 
su

rv
iv

al
 o

f 6
8%

 fo
r p

la
ic

e 
re

co
rd

ed
 in

 th
e 

Ap
ril
 1

99
2 

ex
pe

rim
en

t i
s 

in 
ag

re
em

en
t w

ith
 th

e 
su

rv
iv

al
 r

at
e 

of
 7

6%
 r

ep
or

te
d 

by
 K

ai
se

r 
& 

Sp
en

ce
r 

(1
99

3b
), 

bu
t 

m
uc

h 
hi

gh
er

 th
an

 t
he
 r

at
es
 r

ec
or

de
d 

by
 F

on
ds
 (

th
is 

re
po

rt)
: 

17
-2

0%
. 

Fo
r p

la
ic

e 
ca

ug
ht

 in
 a

 1
2m

-b
ea

m
 tr

aw
l, 

su
rv

iv
al
 c

ha
nc

es
 o

f 5
-8

9%
 a

fte
r 4

8 
ho

ur
s, 

an
d 

3­
60

%
 a

fte
r t

hr
ee

 d
ay

s 
ar

e 
re

po
rte

d 
(v

an
 B

ee
k 

et
 al

., 
19

89
; B

EO
N 

19
90

, 1
99

1;
 F

on
ds

, t
hi

s 
re

po
rt)

.
Th

e 
re

co
rd

ed
 s

ur
vi

va
l r

at
es

 fo
r s

ol
e 

(1
5-

17
%

) f
ro

m
 th

e 
ne

t a
re
 in

 th
e 

lo
w

er
 ra

ng
e 

re
po

rte
d 

by
 v

an
 B

ee
k 

et
 

al.
 (

19
89

) 
in 

be
am

 tr
aw

l h
au

ls 
of
 6

0 
m

in
ut

es
 (

15
.1

-3
3.

3%
). 

W
he

re
as

 s
ur

vi
va

l r
at

es
 r

ec
or

de
d 

by
 F

on
ds

 (
th

is 
re

po
rt)
 a

nd
 B

EO
N 

(1
99

1)
 a

re
 h

ig
he

r, 
Fo

nd
s 

fo
un

d 
su

rv
iv

al
 r

at
es
 o

f 3
3-

45
%

 a
fte

r 
2-

3 
da

ys
 i

n 
ex

pe
rim

en
ts 

wi
th

 s
ol

e 
fro

m
 h

au
ls 

wi
th
 a

 4
m

-b
ea

m
 tr

aw
l. 

Fo
r s

ol
e 

fro
m

 a
 1

2m
-b

ea
m

 tr
aw

l c
at

ch
, 

BE
ON

 (
19

91
) 

re
co

rd
ed

 a
 

su
rv

iv
al

 r
at

e 
of

 7
9%

 a
fte

r t
w

o 
da

ys
, w

he
re

as
 F

on
ds

 (t
hi

s 
re

po
rt)

 fo
un

d 
on

ly
 9

%
 st

ill
 a

liv
e 

af
te

r 2
 d

ay
s.

Th
e 

su
rv

iv
al
 r

at
es

 o
f 

so
le
 f

ro
m
 th

e 
co

ve
rin

g 
ne

t 
ar

e 
in 

ag
re

em
en

t 
wi

th
 m

os
t 

ra
te

s 
re

co
rd

ed
 e

ar
lie

r: 
76

­
10

0%
 (B

EO
N 

19
90

, 1
99

1 
; F

on
ds

, t
hi

s 
re

po
rt)

.
Va

n 
Be

ek
 e

t a
l. 

(1
98

9)
 fo

un
d 

su
rv

iv
al
 in

 b
ot

h 
so

le
 a

nd
 p

la
ic

e 
di

sc
ar

ds
 to

 b
e 

ne
ga

tiv
el

y 
co

rr
el

at
ed

 w
ith

 h
au

l 
du

ra
tio

n 
an

d 
to

ta
l w

ei
gh

t o
f t

he
 c

at
ch

. 
B

ec
au

se
 h

au
l d

ur
at

io
n 

an
d 

to
ta

l w
ei

gh
t 

of
 th

e 
ca

tc
h 

w
er

e 
po

sit
iv

ely
 

co
rre

la
te

d 
th

em
se

lv
es

, a
 d

ist
in

cti
on

 b
et

w
ee

n 
th

e 
co

nt
rib

ut
io

n 
of

 b
ot

h 
co

ul
d 

no
t b

e 
m

ad
e.
 A

s 
th

e 
ca

tc
h 

bu
ild

s 
up

 a
t t

he
 r

ea
r 

of
 th

e 
co

d-
en

d,
 t

he
 c

od
-e

nd
 n

et
tin

g 
is 

dr
aw

n 
ou

t 
in

to
 a

 p
ea

r 
sh

ap
e,
 a

nd
 t

he
 m

es
he

s 
in 

th
e 

fo
rw

ar
d 

zo
ne

 b
ec

om
e 

m
or

e 
el

on
ga

te
d 

an
d 

cl
os

ed
, 

re
du

ci
ng

 fi
sh
 e

sc
ap

es
 in

 th
is 

ar
ea

. 
Fi

sh
 h

as
 to

 s
qu

ee
ze

 
th

em
se

lv
es

 th
ro

ug
h 

th
e 

m
es

he
s, 

re
su

lti
ng

 in
 s

ca
le

 re
m

ov
al

 a
nd

 d
am

ag
es

. T
he

 p
ro

lo
ng

ed
 ti

m
e 

in 
th

e 
co

d-
en

d 
ai

so
 in

cr
ea

se
s 

th
e 

lik
el

ih
oo

d 
of

 su
pe

rfi
ci

al
 d

am
ag

e 
by

 c
on

ta
ct

 w
ith

 c
ru

st
ac

ea
ns

 o
r r

ou
gh

 s
ki

nn
ed

 s
pe

ci
es

 (
as

 
e.

g.
 s

ta
rfi

sh
, d

og
fis

h,
 g

ur
na

rd
s)
 (

M
ain

 &
 S

an
gs

te
r, 

19
90

). 
M

or
eo

ve
r, 

on
 h

au
lin

g 
th

e 
ne

t, 
pr

es
su

re
 fr

om
 th

e 
w

ei
gh

t 
of
 t

he
 c

at
ch

 c
an

 i
nf

lic
t b

ru
ise

s 
an

d 
in

te
rn

al 
in

ju
rie

s 
w

hi
ch
 m

ay
 l

ea
d 

to
 d

el
ay

ed
 m

or
tal

ity
 (

K
ai

se
r 

& 
Sp

en
ce

r, 
19

93
b)

. 
Co

ns
id

er
in

g 
th

e 
hi

gh
 n

um
be

r 
of
 d

am
ag

ed
 s

ol
e 

in 
th

e 
ne

t, 
a 

hi
gh
 m

or
tal

ity
 r

at
e 

is 
no

t 
st

ra
ng

e.
 T

he
 h

ig
h 

am
ou

nt
 o

f s
ta

rfi
sh

 p
os

sib
ly

 a
iso

 e
xp

la
in

s t
he

 h
ig

h 
di

re
ct

 m
or

ta
lit

ie
s 

re
co

rd
ed

: 3
0%

 fo
r s

ol
e, 

40
%

 fo
r d

ab
 a

nd
 8

5%
 fo

r p
la

ic
e.

O
ne

 c
an

 c
on

cl
ud

e 
th

at
 th

e 
su

rv
iv

al
 c

ha
nc

es
 o

f s
om

e 
of

 th
e 

ep
ib

en
th

ic
 s

pe
ci

es
 e

xa
m

in
ed

 in
 th

is 
st

ud
y 

ar
e 

al
m

os
t 

10
0%

. 
Pa

rt 
of
 t

he
 d

is
ca

rd
ed
 a

ni
m

al
s 

wi
ll, 

ho
w

ev
er

, 
su

ffe
r 

fro
m
 m

or
tal

ity
 r

el
at

ed
 t

o 
su

bs
eq

ue
nt

 
pr

ed
at

io
n 

by
 e

.g
. 

bi
rd

s. 
Th

e 
su

rv
iv

al
 c

ha
nc

e 
of

 th
e 

ca
ug

ht
 f

ish
es

 o
n 

th
e 

ot
he

r 
ha

nd
 a

re
 v

er
y 

low
. S

ol
e 

th
at
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ca
pe

d 
th

e 
fis

hi
ng

 n
et
 w

ill 
su

rv
iv

e. 
W

e 
ex

pe
ct

 th
is 

to
 b

e 
th

e 
sa

m
e 

wi
th
 o

th
er

, 
sm

al
l f

ish
 s

pe
ci

es
 e

sc
ap

in
g 

th
e 

co
d-

en
d,

 a
s 

e.
g.
 d

ra
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ne
t, 

ho
ok

no
se

 o
r l

es
se

r w
ee

ve
r (

se
e 

Ta
bl

e 
8)

, a
s 

re
po

rte
d 

by
 F

on
ds

 (t
hi

s 
re

po
rt)

. 
Bu

t, 
K

ai
se

r &
 S

pe
nc

er
 (

19
93

b)
 r

ep
or

te
d 

su
rv

iv
al
 r

at
es

 o
f o

nl
y 

3-
32

%
 fo

r d
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go
ne

t. 
Th

e 
re

as
on

 f
or

 th
e 

hi
gh

 
m

or
tal

ity
 is

 n
ot

 c
le

ar
, a

s 
th

e 
dr

ag
on

et
s 

ap
pe

ar
ed

 u
nd

am
ag

ed
.

Im
pa

ct
 o

n 
m

ac
ro

be
nt

hi
c 

in
fa

un
a

If 
fis

hi
ng
 d

is
tu
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an

ce
 c

au
se

s 
a 

hi
gh

er
 m

or
tal

ity
 o

f 
th

e 
be

nt
hi

c 
in

fa
un

a, 
ei

th
er
 d

ire
ct

ly
 o

r 
in

di
re

ctl
y 

by
 

su
bs

eq
ue

nt
 p

re
da

tio
n,

 th
is 

sh
ou

ld
 b

e 
re

fle
ct

ed
 b

y 
a 

de
cr

ea
se

 in
 d

en
sit

y.
 O

n 
th

e 
ot

he
r h

an
d,

 d
is

tu
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an
ce

 c
an

 
br

in
g 

m
or

e 
sp

ec
ie

s 
to

 th
e 

su
rf

ac
e,
 a

nd
 o

ne
 m

ig
ht

 fi
nd

 a
n 

in
cr

ea
se

 in
 d

en
sit

y 
as

 th
e 

va
n 

V
ee

n 
gr

ab
 u

se
d 

on
ly

 
sa

m
pl

ed
 t

he
 u

pp
er

 8
-1

0 
cm

 o
f t

he
 s

ed
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en
t. 

Fo
nd

s 
(th

is 
re

po
rt)

 f
ou

nd
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n 
in

cr
ea

se
 i

n 
th

e 
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m
be

rs
 o

f t
he
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va
lv

es
 A

rc
tic

a 
an

d 
M

ac
tra

 a
fte

r t
ra

wl
in

g,
 b

ec
au

se
 th

e 
an

im
al

s 
ha

d 
be

en
 d

ug
 o

ut
 b

y 
th

e 
be

am
 tr

aw
l a

nd
, 

th
er

ef
or

e,
 h

ad
 m

or
e 

ch
an

ce
 to

 b
e 

ca
ug

ht
. 

M
or

eo
ve

r, 
so

m
e 

sp
ec

ie
s 

m
ig

ht
 m

ig
ra

te
 t

o 
th

e 
up

pe
r 

se
di

m
en

t, 
at

tra
ct

ed
 b

y 
an
 i

nc
re

as
ed

 f
oo

d 
av

ail
ab

ili
ty

. 
In 

ou
r 

ex
pe

rim
en

ts
, 

no
 d

ec
re

as
es
 w

er
e 

fo
un

d.
 F

ou
r 

sp
ec

ie
s 

sh
ow

ed
 a
 s

ig
ni

fic
an

t 
in

cr
ea

se
 

in 
de

ns
ity

: 
th

e 
bi

va
lv

es
 

M
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ta
 f

er
ru

gi
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sa
 a

nd
 

M
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el
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 b

id
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ta

 
(M
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cu
tid

ae
), 

an
d 

th
e 

po
ly
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ae
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s 
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eo

ne
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. (
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yl
lo

do
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da
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nd
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lo
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os
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ig

er
 (O
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iid
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).
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At
 l

ea
st

 tw
o 

of
 th

e 
fo
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 s

pe
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es
 a

re
 li

vin
g 
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so

ci
at

ed
 w

ith
 o

th
er

 in
ve

rte
br

at
es

. 
M

on
ta

cu
ta
 f

er
ru

gi
no

sa
 li

ve
s 

as
so

ci
at

ed
 w

ith
 S

pa
ta

ng
oi

da
 a

s 
e.

g.
 t

he
 c

om
m

on
 s

an
d 

ur
ch

in
 E

ch
in

oc
ar

di
um

 c
or

da
tu

m
 (

G
ag

e,
 1

96
6b

). 
M

ys
el

la
 b

id
en

ta
ta
 l

iv
es
 a

ss
oc

ia
te

d 
wi

th
 a

m
ph

iu
rid

s, 
an

d,
 i

n 
th

e 
ab

se
nc

e 
of
 a

m
ph

iu
rid
 h

os
ts

, 
wi

th
 o

th
er

 
in

ve
rte

br
at

es
 (

po
ly

ch
ae

te
s, 

sip
un

cu
lid

s, 
op

hi
ur

oi
ds

, 
ho

lo
th

ur
ia

ns
, b

iv
al

ve
s)
 (

O
ck

el
m

an
n 

& 
M

uu
s, 

19
78

). 
No

 
sig

ni
fic

an
t 

in
cr

ea
se
 i

n 
nu

m
be

rs
 w

as
 f

ou
nd

 f
or
 a

ny
 p

os
sib

le
 'h

os
t 

sp
ec

ie
s'.
 M

or
eo

ve
r, 

in 
th

e 
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se
 o

f 
th

e 
m

on
ta

cu
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s, 
th

e 
an

im
al

s 
ar

e 
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ow
n 

to
 b

ur
ro

w
 a
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os

t 
im

m
ed

ia
te

ly
 w

he
n 

pl
ac

ed
 o

n 
th

e 
se

di
m

en
t, 

re
­

es
ta

bl
ish

in
g 

th
e 

as
so

ci
at

io
n 

wi
th
 t

he
ir 

'h
os

t' 
(G

ag
e 

19
66

a,
 b

; 
O

ck
el

m
an

n 
& 

M
uu

s, 
19

78
). 

It 
is,
 t

he
re

fo
re

, 
un

lik
ely

 th
at

 th
e 

hi
gh

er
 d

en
si

tie
s 

ar
e 

du
e 

to
 p

lo
ug

in
g 

of
 th

e 
su

rf
ac

e 
se

di
m

en
t l

ay
er

s 
by

 b
ea

m
 tr

aw
lin

g.
A

re
 th

es
e 

sp
ec

ie
s 

re
sp

on
di

ng
 to

 a
n 

in
cr

ea
se
 in

 f
oo

d 
ite

m
s?
 M

ys
ell

a 
bi

de
nt

at
a 

is 
m

os
tly

 c
on

si
de

re
d 
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 a

 
fil

ter
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