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Introduction

A d v a n c e s  in t e c h n o l o g y  h a v e  en ab led  th e  f i sh in g  in­
d u s t ry  to h a rv e s t  re sources  f ro m  a progressively g reater  
p r o p o r t i o n  o f  t h e  m a r i n e  e n v i r o n m e n t .  T h e r e  are 
n o w  few p laces  w here  m a r i n e  s to c k s  a re  n o t  ta rge ted ,  
a n d  o ve rf ish ing  is c o m m o n p la c e  (D a y to n  e ta ! .  1995;
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University o f  W ales-Bangor, M enai Bridge, Anglesey LL59 5AB, 
U K  (fax +44 1248 7 16367; e-mail rblytli_skyrme@ yahoo.co.uk).

V itousek  el al. 1997; Pau ly  e t al, 1998; P i tch e r  & Pauly  
1998; Roberts &  H aw k in s  1999; P itcher 2000). To address 
the  resulting  p r o b le m s  th e re  is a  d r ive  t o  a d o p t  f ishery  
m a n a g e m e n t  sy s tem s  th a t  i n c o r p o r a te  tem p o ra l  and  
spa t ia l  re s t r ic t ions  o n  fishing effort  ( D u g a n  &  Davis 
1993; R o b e r ts  &  P o lun in  1993; R o b e r ts  1997; All ison, 
L u b ch e n co  & C a r r  1998; L a u c k  e l al. 1998; B abcock 
e ta l .  1999; A u s te r  &  Shackell  2000; M an g e l  2000; 
R osen b e rg  2001; Blyth e ta l .  2002; Willis,  M i l la r  & 
B ab co ck  2003). T h es e  re s t r ic t ions  a re  usua l ly  in te n d e d  
to p ro tec t  s ignif icant  p o r t i o n s  o f  th e  s to ck s  o f  targe ted
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spec ies  such th a t  sp a w n in g  e v e n t s  a n d  g e n e t ic  v a r i ­
ability m ay be at  least partially en su red  (M a lak o f f  1997; 

R o b e r ts  1998).
A s  well as benef i ts  fo r  ta rg e te d  species,  o t h e r  im ­

p o r t a n t  bio logical  benefits  m ay a c c r u e  from  fishery 
m anagem en t  systems that restrict the  use o f  certain types 
o f  fishing gear. T hese  include the p rev en t io n  o f  hab ita t  

d eg rad a t io n  th a t  inevitably a c c o m p a n ie s  the  use o f  
towed bo t tom -f ish ing  g e a r  such a s  trawls o r  d redges  
( D a y to n  el cd. 1995; Jenn ings  & K a i s e r  1998; A u s te r  & 
L angton  1999; Norse  & Walling 1999; Kaiser et cd. 2002; 
Schralzberger,  D in m o rc  & Je n n in g s  2002). Benthic  
c om m unit ie s  in a reas  that a re  heavily  fished w ith  lowed 
gears  tend lo be less com plex  a n d  have lower b io m ass  
an d  p ro d u c t io n  th an  c o m m u n i t ie s  in a rea s  th a t  a re  n o t  
fished in this way, o r  are fished a t  low  levels o f  effort 
(Jennings  e t cd. 2001; K a ise r  e t a l. 2002). In co n tra s t ,  
ben th ic  c om m unit ie s  a re  re latively unaffec ted  by static  
fishing gears (fish o r  c ru s tacean  pots,  long-lines o r  
a n ch o re d  nets) because  o f  the  rela tively sm all  a rea  o f  
seabed  directly affected (K in n e a r  e t cd. 1996; Jenn ings  
& K a ise r  1998; E n o  e t cd. 2001). H en ce ,  th e  use o f  static  
gears  m igh t  enable  som e ex p lo i ta t io n  to o c c u r  w i th o u t  
negative  effects o n  ben th ic  com m unit ie s .  Few  direct 
c o m p a r iso n s  exist o f  the long- te rm  im p a c ts  o f  sta tic  
gears  a n d  towed gears  on ben th ic  c o m m u n i t ie s  (Kaiser ,  
Spence  & H a r t  2000). I n  a d d i t io n ,  few s tud ies  have 
fo c u sed  on  th e  im p l ic a t io n s  fo r  b e n th i c  c o m m u n i t i e s  
o f  m a n a g e m e n t  stra tegies th a t  i n c o r p o r a te  tem p o ra l  
zonation o f  fishing effort (Sainsbury et cd. 1997; Murawski 
e t cd. 2000),

T h e  In sh o re  Po t t in g  A g re em e n t  ( IP A )  is a zoned  
fishery m a n a g em e n t  sys tem  loca ted  o f f  the  s o u th  coas t  
o f  D evon ,  U K  (F ig .  1). T h e  IP A  has  o p e ra te d  since 
1978 over a n  a re a  o f  a p p rox im ate ly  500 k m 2 to reduce  
conflict  between different sectors o f  the  fishing industry. 
T h e  IPA  includes a rea s  for the exclusive use  o f  sta tic  
gears (principally  crab pots) ,  a n d  areas  fo r  seasonal  
sta tic -gear  use. T ow ed -g ea r  fishers a re  able  to  w o rk  in 
se a so n a l  a reas  d u r in g  p e r iods  w h e n  these  a re  free from  
static gears ( Blyth et cd. 2002), T h e  success a n d  longevity 
o f  the  IPA p ro v id e  a u n iq u e  o p p o r tu n i ty  to  investigate  
the characteristics o f  benthic com m unities  tha t  have been 
sub jec ted  to  v a ry in g  levels o f  to w ed  a n d  static  fishing 
gear  use.

We a im ed  to  use  the  IPA  to  inves tigate  th e  im p a c t  o f  
dif feren t  c o m m erc ia l  fishing regim es o n  b e n th ic  c o m ­
munit ies .  T w o fa c to rs  were  o f  p a r t i c u l a r  in te res t  in 
assess ing  species r ichness a n d  b io m a ss  o f  the  b e n th ic  
c o m m u n i ty ;  f i rs t ,  th e  e f fec t  o f  s t a t i c - g e a r  f i sh in g  in 
c o m p a r is o n  to  to w ed -g ea r  fishing; secondly,  th e  effect 
o f  an n u a l ,  sea so n a l  ro ta t io n  o f  f ish ing regime.

M ethods

M e m b e rs  o f  the  S o u th  D ev o n  a n d  C h a n n e l  Shellf ish- 
e r m e n ’s A sso c ia t io n  L td  were  a p p r o a c h e d  in s u m m e r  
2002 to  p rov ide  de ta i ls  o n  the  ex ten t  to w h ich  towed 
gears  h a d  b e en  used in t h e  vicin i ty  o f  a re a s  w h e re  they

ESI = Static gears only ■  = Seasonal static or towed gears

fig. 1. T he  lo ca t io n  o f  the Inshore  Pot t ing  Agreement 
(IPA). Shaded areas denote  the officially recognized fishery 
management system. Numbers denote locations of sampling 
sites in areas subjected to different fishing regimes. Sites 1-3, 
trawl; 4 and 5, seasonal; 6 and 7, ex-trawl; 8 and 9, untrawled.

m a in ta in e d  s t a t i c - g e a r  terr i tories .  C h a r t s  o f  the  IPA 
were  p ro v id ed  to  2 2  s ta t ic -g ea r  fishers,  w h o  were asked 
to  ind ica te  a r e a s  w h e re  towed g e a rs  h a d  never been 
used, a re a s  w h e re  to w e d  g ears  h a d  been  used, b u t  not 
w ith in  th e  p re v io u s  year,  a re a s  w h e re  tow ed  gears were 
used sea so n a l ly  o n  a n  a n n u a l  basis, a n d  areas where 
towed gears  were  u sed  regularly. Im p o r ta n t ly ,  these sites 
d id  n o t  have lo  c o r r e s p o n d  exac tly  w i th  th e  boundaries  
o f  the  IPA  m a n a g e m e n t  sys tem , as to w e d -g ea r  fishers 
o c c a s io n a l ly  i n f r in g e d  th e  IP A  (B ly th  et cd. 2002). 

W i t h o u t  th e  i n p u t  o f  fishers,  these  in f r in g e m en ts  could 
have u n k n o w in g ly  c o n f o u n d e d  a t t e m p t s  to  a ttr ibute  
d if fe ren t  f ish ing reg im es  to  sites. T o w ed -g ea r  fishers 
were  n o t  co n su l te d  o n  th e  use  o f  to w ed  gears  in the  IPA, 
as  it w as  t h o u g h t  u n l ik e ly  th a t  th ey  w o u ld  co-operate  
h o n e s t ly  o r  b e  w il l ing  Lo in c r im in a te  o t h e r  fishers oper­
a t in g  in s ta t ic -g ea r  a reas .  In  c o n t ra s t ,  it was considered 
th a t  s ta t ic -g ea r  f ishers  h a d  n o  m o t iv a t io n  to provide 
m is le a d in g  i n f o r m a t io n  re g a rd in g  th e  illicit use o f  
to w ed  gears  inside  s ta t i c -g e a r  areas,

In  c o m p a r i s o n  to  o t h e r  p o ten t i a l  so u rces  o f  da ta  on 
th e  use  o f  tow ed-gears  [i.e. fisheries en fo rcem en t  agency 
over-flight d a ta  o r  g lo b a l  p o s i t io n  sy s te m  (G P S)  m oni­
to r ing ] ,  f ishers '  i n f o r m a t io n  was co n s id e re d  to  provide 
th e  m o s t  d e ta i l  a n d  a cc u ra c y  in th e  a r e a  o f  th e  IPA. 
T h is  w a s  b ecause  th e  sm all  spa t ia l  va r ia t ion  between 
sites a n d  th e  lack  o f  d a i ly  agency  m o n i to r in g  precluded 
th e  u se  o f  fisheries over-fl ight  d a ta .  F u r th e rm o re ,  the 
sm all  b o a t s  t h a t  p ro se c u te  to w e d -g ea r  fisheries within 6 
m i le s  o f  t h e  U K  c o a s t l i n e  a re  n o t  r e q u i r e d  to  c a r ry
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differen tia l  G  PS  a u to m a te d  p o s i t ion  recorders.  I m p o r ­
tantly, IPA s ta t ic -gear  fishers operate  in small  terri tories 
a n d  typ ica lly  m a in t a in  precise knowledge  o f  all fishing 
activ it ies  in these  a rea s  because  o f  conflict issues a r is ­
ing w ith  o t h e r  l ishers  (B lyth  e t a i  2002). F in a l ly ,ch a r ts  
were  cross-re ferenced be tw een fishers to avoid potential  
so u rc e s  o f  d e l ib e ra te  b ias  a n d  to  c o r ro b o ra te  in fo rm a ­
t ion  on  to w e d -g ea r  use al  the sites selected for sampling.

U s in g  in f o r m a t io n  p ro v id ed  by lishers. n in e  sites that 
h ad  been im p a c te d  by f ish ing  gears  t o  vary ing  degrees, 
and  situated as close to each o ther  as possible, were selected 
a n d  sa m p le d  in A u g u s t  2002 (Fig. I ). Two o f  these sites 
were  re p o r te d  as  never  hav ing  been fished with lowed 
gears  (called uii t raw led  sites) a n d  two sites were last used 
by to w e d -g ea r  f ishers IS m on il is  a n d  2 years  p r io r  to 
s a m p l in g  (cal led  ex- traw l sites). Two o f  the o th e r  sites 
se lected w ere  t raw led  sea so n a l ly  o n  a n  annual  basis an d  
were last used by towed-gear lishers 3 m onths a n d  6 m onths 
p r io r  lo s a m p l i n g  (cal led  sea so n a l  sites). T h re e  fu r th e r  
sites, loca ted  ju s t  o u ts ide  the IPA system, were regularly 
used by the  t o w e d -g e a r  licet (called trawl s i tes ;Tab le  1 ).

N o  d a t a  on  t h e  p re c ise  f r e q u e n c y  o f  f ishing g e a r  
use at e ac h  s a m p l in g  site were o b ta in e d  for this  study. 
However,  little sp a c e  exis ts  inside the IPA for add it ional  
s ta tic  g e a r  ( Blytii  e t al. 2002)  a n d  so it was a ssu m ed  tha t  
c r a b  p o t s  w ere  re g u la r ly  fished al the  u n traw led  a n d  
ex- trawl sites, a n d  the  se a so n a l  sites d u r in g  pe r iods  
w hen  these  w ere  accessible.  D u e  lo the  perceived ca tch  
benefits  o f  o p e r a t i n g  in th e  p rox im ity  o f  the IPA, it was 
r e p o r t e d  t h a t  t h e  p e r i m e t e r  o f  the  IPA, a n d  h e n c e  
the  trawl sites, were  ta rg e te d  by the tow ed-gear  fleet 
t h r o u g h o u t  the  year .  S e a s o n a l  sites were r e p o r te d  to 
be  t a r g e te d  r e g u la r ly  b y  th e  to w e d -g ea r  fleet w h e n  
accessible . B oth  o f  the  ex-traw l sites had been  fished 
regu lar ly  o v e r  a  p e r io d  o f  1-2 m on th s .  At the t im e o f  

s a m p lin g ,  the  u n t r a w le d ,  ex-trawl a n d  seasonal  sites 
were  o ccu p ied  by  lines o f  c rab  an d  lobster  pots.

T h e  s u b s t r a t u m  a l  e ach  site w as  assessed visually, as 
th e  m ix ed  c o a r se  s u b s t r a t a  e n c o u n te re d  with in  the IPA 
p rec lu d ed  th e  u se  of' g r a b  sam p lin g .  A t  each site, a 
v ideo  c a m e r a  w a s  lowered  lo th e  seabed and  su sp en d ed  
f ro m  the R. V  P rin ce  M  acini' fo r  30 miii . D u r in g  this  
p e r io d ,  the  vessel w as  a llow ed to  d r i f t  with the  tide, so 
th a t  the  c a m e r a  m o v e d  ac ro ss  the seabed. iM ovie©

V. 1.0.2 v ideo  s o f t w a r e  w as  used to c a p tu re  a still im age  
on every o c c a s i o n  th a t  th e  c am e ra  c a m e  to rest on the 
seabed d u r in g  e a c h  30-min dep lo y m en t.  T h e  su b s tra tu m  
type in 20 i m a g e s ,  se lected at  r a n d o m  from  e ac h  site, 
was a l lo ca ted  ¿i score  b a s e d  o n  the  <F scale  (B u c h a n a n  
19X4). S c o re s  o f  be tw een  0 a n d  5 w e re  a l lo c a te d  for 
sed im en ts  t h a t  va r ied  f ro m  s a n d  par tic les  o f  less th an  
2 m m  d i a m e t e r  to gravel o f  ap p ro x im a te ly  30 m m  
d iam e te r  ( T a b le  1). W ate r  d e p th  was o b ta in e d  a t  the  
s ta rt  an d  end  o f  every to w  using  the  sh ip ’s echo-sounder .  
T h e  m ea n  w a t e r  d e p th  at each si te  was c a lcu la ted  as the 
average o f  th e  s t a r t  a n d  finish d e p th s  re co rd ed  for all 
tows a t  each s i t e  (co rrec ted  to c h a r t  d a tu m ) .  T h e  m ean  

±  S E  d e p th  a c r o s s  all sites w as  60-5 ±  1 -3 m  (Tabic 1 ).
Following t h e  v ideo surveys, three replicate tows were 

u n d e r ta k en  at  e a c h  site u s in g  a g a n g  o f  fo u r  New haven  
c o m m erc ia l  s c a l lo p  d redges  (eac h  d red g e  w as  850 m m  
wide). To m a x im iz e  the collect ion  o f  sm alle r  organisms, 
two ol the d red g e s  were fitted with 50-mrn belly rings and  
teeth posi t ioned  35  m m  a p a r t  (called scientific dredges). 
T he  o th e r  two d re d g e s  h a d  1 OO-mm belly rings a n d  teeth 
p osi t ioned  85 m m  a p ar t  (called s t a n d a rd  dredges). Tows 
were l im ited  t o  10 m in  b o t to m  lime, a n d  were c o n ­
d u c te d  p e rp e n d ic u la r  to  the  d i rec tion  o f  the  m a in  t idal  
flow to run  paralle l  to any lines o f  static gear. T h e  d istance 
the d redges  travelled  over  the g ro u n d  was calcula ted  
f rom  differential G P S  posi t ions recorded a t  the  t im e the 
trawl winch was s to p p e d  a t the beginning o f  each tow, and  
at the m o m en t  h a u l in g  com m enced .  O nly  great scallops 
Pecten m a x im u s  L in n a e u s  w ere  collected from  th e  two 
s ta n d a rd  dredges,  while b e n th o s  fo r  the  c o m m u n i ty  
analyses was sa m p le d  on ly  f ro m  the  s t a rb o a rd -m o s t  
scientific dredge. T h e  ca tch  from  the scientific  d redge  
was so r ted  a n d  iden tif ied ,  an d  the  shells o f  h e rm i t  c rabs  
(Pagur idae ) ,  as well as o th e r  su b s t r a tu m  fragments ,  
were rem oved  b e fo re  all species were se p a ra ted  a n d  
w eighed w et  on  a  m o t io n - c o m p e n s a te d  b a la n ce  (± I g). 
Indiv id  nais o f  e ac h  species w ere  n o t  weighed separa te ly  
d u e  to th e  difficulty o f  c o u n t in g  co lon ia l  anim als .

S T A T IS T IC A L  M E T H O D S

B iom ass  d a ta  for e a c h  species w ere  s ta n d a rd iz e d  to  the  
m ean  ±  S E  to ta l  to w  len g th  a t  all  sites o f  4408 ±  160 m

Table 1. Environmental characteristics and fishing history for IPA sample sites

F ish ing M ean Total tow S ubstrate
Site regim e dep th  (m) length (m) g rad e  (O) Fisher in fo rm ation

1 Trawl 66-4 4548 0-00 Towed g ears used regularly, all year round
2 Trawl 64-4 3951 0-ÜÜ Towed g ears used regularly, all year round
3 Trawl 56-6 4659 0 0 0 Towed g ears used regularly, all year round
4 S easo n a l 6.3-8 4059 -2-81 Towed g ears used annually  F eb ru ary -M a y  

Towed g ears last used 3 m o n th s previously
5 S easo n a l 66-0 4635 -2-81 Towed g ears used annually  Ja n u a ry -F e b ru a ry  

Towed gears last used 6 m o n th s previously
6 E x-traw l 49-8 3888 -3-81 Towed gears used 18 m o n th s  previously
7 E x-traw l 49-2 3963 -1*00 Towed gears used 22 m on ths previously
8 U n traw led 62-3 5340 -2-58 Only static gears used in living m em ory
9 U n lraw ied 65-7 4632 -3-32 Only static gears used in living m em ory

su b ito  e.V . licen sed  c u s to m e r  co p y  su p p lie d  a n d  p rin ted  for F la n d e rs  M arine Institu te  Library (SL I05X 00225E )
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(Tabic 1 ). T h e  species richness p e r  tow was not  s t a n d ­
a rdized. D a ta  l'or fish species c a u g h t  incidentally  were 

excluded from an y  analyses.

U nivariate ana lyses

U nivaria te  s ta tist ical analyses o f  the  biological d a ta  
w ere  c a r r i e d  o a t  to d e t e r m i n e  g ro ss  d if fe rences  in 
species richness a n d  the b io m a ss  o f  the  ben th ic  c o m ­
m u n i ty  be tw een  si tes  su b je c t e d  to  d i f fe ren t  f ishing 
regimes, All un ivar ia te  s ta tist ics w e re  co n d u c ted  using 
M in i tab  V. 13.2, B iom ass  d a ta  lo r  e ac h  species a n d  the 
to ta l  n u m b ers  o f  species collected  a t  each site were 
t ran s fo rm ed  (V =  logm(.v + 1)] to  stabilize variance.  
Nested [fishing regime x  site(fishing regime)] general linear 
model  (G L M )  a n o v a  were then  u n d e r ta k e n  on these 
da ta .  Th is  m o d e l  a cco u n ts  for the  enforced lack  o f  
o r th o g o n a l i ty  in th e  survey  des ign  ( U n d e rw o o d  1997). 
B o n fe r ro n i  p a i rw is e  m u l t ip le  c o m p a r i s o n  tes ts  were  
u n d e r ta k e n  w h e n  s ig n if ican t  d i f f e re n c e s  were  found  
b e tw ee n  the  f ish ing  regim es. In  a f u r th e r  analysis ,  
ben th ic  taxa w ere  th en  ca tegor ized  as e i the r  ‘a t t a c h e d ’ 
o r  'f ree ' a cco rd ing  to th e i r  a d u l t  life m ode .  A t tach ed  
species included bryozoans, h y d ro z o a n sa n d  other species 
tha t  a re  fixed p e rm a n e n t ly  to  the  s u b s t r a tu m .  Free taxa  
included crabs, starf ish,  bivalves a n d  o th e r  species tha t  
a re  able  to m ove  freely (see the  A p p e n d ix  in S u p p le ­
m en ta ry  m ateria l) .  Fo r  b o th  life m o d es ,  nested G L M  
a n o v a  were u n d e r ta k e n  o n  the  n u m b e rs  o f  species a n d  
b io m ass  o f  species collected  a t  e ac h  site. B onferroni  
pairw ise  m ult ip le  c o m p a r is o n s  w ere  a lso  u n d e r tak en  
when significant differences were f o u n d  between fishing 
regimes, Finally, n e s ted  G L M  a n o v a  a n d  B onferron i  
pairw ise  m u lt ip le  c o m p a r is o n s  w ere  u n d e r ta k en  on 
log|,j(A +  I t r a n s f o r m e d  d a t a  fo r  the  n u m b e r s  o f  
sca llops g rea ter  t h a n  100 m m  shell  h e ig h t  ( the  m in i­
m u m  legal l a n d in g  size in  D e v o n  w a ters )  collected a t  
each site using  the  two s ta n d a rd  dredges.

M ulti varia te a n a lyses

M ultiva r ia te  sta tis t ica l  analyses o f  the  bio logical  d a ta  
were carried  o u t  to  d e te rm in e  differences in the  s truc ture  
o f  the ben th ic  c o m m u n i ty  b e tw ee n  sites sub jected  to 
different fishing regimes. All  m u lt iv a r ia te  analyses were 
pe rfo rm ed  using th e  p r i m e r ©  V.5 so f tw are  package. 
D a ta  were init ially  averaged  ov e r  th e  th ree  tows c o n ­
duc ted  at  each site. To ex am in e  th e  overall  sim ilar ity  o f  
the  ben th ic  c o m m u n i t ie s  be tw een  sites, a  n o n -m e tr ic  
m ult id im ensional  sca l ing  (M D S )  o r d in a t io n  p lo t  was 
created from th e  c o m m u n i ty  b io m a s s  da ta .  T h is  used 
the  B ra y -C u r t i s  index o f  s im ila r i ty  on  sq u a re  root-  
t rans fo rm ed  d a ta  ( the  de fau l t  p r i m e r  t r an s fo rm a t io n  
lo do w n -w eig h t  th e  c o n t r ib u t io n  o f  c o m m o n  species in 
re la tion  to ra re r  ones)  a n d  the  g r o u p  average l inkage 

technique.  B ecause  o f  the  low  n u m b e r  o f  replicate  sites, 
we then p e rfo rm ed  a n  a  p r io r i  o n e -w ay  analysis  o f  s im ­
ilarity  ( a n o s im ), a  m u lt iv a r ia te  a n a lo g u e  o f  a n o v a , on 
aggregated  d a ta .  T h e  u n traw led  a n d  ex-trawl sites were

g ro u p e d  as  ' i n s i d e ' s i t e s ,  a n d  the sea so n a l  an d  trawled 
sites w e re  g r o u p e d  as ‘o u t s id e ’ sites. A s im p e r  analysis 
w as  c o n d u c te d  t o  d e te rm in e  the  species th a i  contributed 
most to the w ith in -f ish ing  regime similarities and  between- 
f ishing re g im e  d i s s im ila r i t ie s .  Finally, a r e l a t e  test was 
c o n d u c te d  to  d e t e r m i n e  the  extent t o  which  patterns 
ob se rv ed  in t h e  b io lo g ic a l  c o m m u n i ty  w ere  corre lated  
with  ab io t ic  v a r ia b le s  resu l t ing  from the  survey design. 
T h is  te s t  u n d e r t o o k  a n  e l e m e n t - b y - e l e m e n t  c o r re la ­
t io n  o f  a s i m i l a r i t y  m a t r ix  cons truc ted  from  the square 
r o o t - t r a n s f o r m e d  c o m m u n i ty  d a ta ,  w ith  a second sim­
ilarity  m a t r ix  c o n s t r u c t e d  from d a ta  for th e  low  length, 
w a ter  d e p th  a n d  s u b s t r a t u m  type a t  e ac h  site.

Results

U N IV A R IA T E  A N A L Y S E S

Significant  d i f fe rences  w ere  d e te rm in ed  a m o n g  different 
f ish ing reg im es  f o r  b o th  th e  m ean  to ta l  species richness 
a n d  th e  m e a n  t o t a l  b io m a ss  o f  th e  b e n th ic  comm unity  
(Table 2), P a i r w i s e  c o m p a r i s o n s  show ed  th a t  a greater

Table 2. Nested G L M  a n o v a  results for comparisons of 
(a) n um ber  o f  species and  (b) biomass o f  species, of the 
total benthic community , attached species and free species 
observed at sites subjected to different fishing regimes. Bold 
indicates significant comparisons

Source d.f. Adj MS F P

(a) N u m b er o f  species
Total
F ishing regim e 3 0-25 25-52 < 0-001
Site (fishing regim e) 5 00 3 2-96 0-040
E rro r 18 001
Total 26

A ttached
F ish in g  regim e 3 0 1 4 9-49 0-001
Site  (fishing regime) 5 0-06 3-64 0-019
E rro r 18 0-02
Total 26

Free
F ish ing  regim e 3 0-30 35-27 < 0-001
Site (fishing regime) 5 0 0 5 5-84 0-002
E rro r 18 001
Total 26

(b) B iom ass
Total
F ish ing  regim e 3 0-72 42-63 < 0-001
Site (fishing regime) 5 0-04 211 0-111
E rro r 18 0 0 2
Total 26

A ttached
F ish ing  regim e 3 2-29 17-13 < 0-001
Site (fishing regime) 5 0-55 4-09 0-012
E rro r 18 0 1 3
Total 26

Free
F ish ing  regim e 3 1 '49 33-99 < 0-001
Site (fishing regime) 5 0-08 1-87 0150
E rro r 18 0-04
T ota l 26
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T able 3. H onlcrroni m ultip le  co m p ariso n s  o f differences iii 
(a) num ber o f  species and (h ) b iom ass o f  species ul' the to tal 
ben th ic  com m unity, a ttach ed  species and  free species observed 
betw een  sites  su b je c ted  to  d iffe ren t fishing regim es. Holti 
ind icates significant com p ariso n s

(¡i) N u m b er o f
'1' . i A

S easonal

species

Ex-traw l Static

lo ta!
Trawl 0-519 < 0 001 < 0-001
S easonal 
I-x-trawl

< 0-001 0-003 
1 •()()()

A tta c h a i
Trawl 0  DM 0-017 < 0-001
S easonal 
Ex-1 rawl

1-000 0-252
0-922

I-ice 
Trawl 1 -ooo < 0-001 < 0-001
Seasonal
Ex-traw l

(b) B iom ass 
T ota l

C 0-001 < 0-001 
0-165

Trawl 0-3-17 < 0-001 <0-001
Seasonal 
Ex-traw l

0-012 < 0-001 
0-002

A ttached
Trawl 0-012 0-070 <0-001
Seasonal 
E x-traw l

1-000 0-030
0-006

Free
Trawl 0-459 < 0-001 <0-001
Seasonal
Ex-lraw l

0-004 <0-001
0-099

S ite

a  12

S ite

CD =  Trawl 
□  =  Seasonal

BH =  Ex-T rawl 

E2 = Untrawled

Fig, 2. M ean (± I S E ) num ber o f  (a) a ttach ed  species and (b) 
free species ob se rv ed  al sites subjected  to different fishing 
regimes.

to ta l  species r ich n ess  a n d  c o m m u n i ty  b iom ass  were  
o b se rv ed  a t  i h e e x - l r a w l  a n d  u n l raw le d  sites t h a n  a t  the  
trawl and  seasonal  sites (Tab le  3). T he  total co m m u n i ty  

b io m a ss  w a s  a lso  s ign if ican tly  g rea ter  a t  the u n traw led  
sites in c o m p a r i s o n  w i th  the  ex-trawl sites. Pairwise  
c o m p a r i s o n s  o f  to ta l  spec ies  richness and  c o m m u n i ty  
b io m a ss  were n o t  d i f fe ren t  between o th e r  co m b in a tio n s  

o f  f ishing regimes.
A n  e x a m in a t io n  o f  th e  life m o d e  c o m p o n e n t s  o f  the  

b e n th ic  c o m m u n i ty  revealed significant d ifferences 
a m o n g  fishing reg im es  fo r  the m ean  n u m b e r  o f  species 
o f  a t t a c h e d  a n d  f ree  a n im a l s  (T ab le  2 a  a n d  Fig. 2a).  

P a irw ise  c o m p a r i s o n s  sh o w ed  tha t  t h e  m ean  n u m b ers  
o f  a t t a c h e d  spec ies  a t  th e  ex-trawl a n d  u n traw led  sites 
w ere  s ign if ican tly  g re a te r  th an  tha t  a t  the trawl sites 
(Table 3a). In  a d d i t io n ,  t h e  m ea n  num bers  o f  free species 

at  the  ex-trawl a n d  u n t raw le d  sites were  significantly  
g re a te r  th a n  a t  t h e  traw l a n d  sea so n a l  sites (Table  3a). 
T h e r e  were  a lso  s ig n i f ic a n t  differences a m o n g  fishing 
reg im es  in th e  m e a n  b io m a s s  o f  a t ta ch ed  a n d  free spe ­

cies (Table  2b  a n d  Fig. 3a ,b).  Pa irw ise  c o m p a r is o n s  
sh o w ed  th a t  the  m e a n  b io m a s s  o f  a t ta ch e d  species at 
the  u n traw led  sites w as  significantly  g reater  t h a n  at o th e r  

f ish ing  reg im es (T able  3b).  T h e  b iom ass  o f  a t ta ch ed  
s p e c ie s  a t  t r a w l  s i t e s  w a s  a l s o  g r e a t e r  t h a n  a t  t h e  
sea so n a l  sites. In a d d i t i o n ,  the  m ean  b io m a sses  o f  free

species a t  th e  ex - traw l  a n d  u n traw led  sites were  signif­
icantly  greater  t h a n  a t  th e  trawl a n d  sea so n a l  sites. 
O th e r  c o m p a r i s o n s  a m o n g  f ishing regimes o f  the  m ean  
n u m b er  o r  b io m a s s  o f  a t t a c h e d  o r  free species did n o t  
differ significantly.

T h e  n u m b e r  o f  legal-s ized sca l lo p s  c a u g h t  in the  
s ta n d a rd  d redges differed s ignificantly  a m o n g  a rea s  
subjected to  d ifferent fishing regimes ( a n o v a ,  F U(i =  9-40, 
P  =  0-001 ; Fig, 3c).  Pairwise  c o m p a r is o n s  revealed th a t  
fewer scallops w e re  c a u g h t  a t  t h e  trawl sites th an  a t  
e ither the ex-trawl (P  = 0-009) o r  u n traw led  sites (P  <  
0-001 ). T h e  c o m p a r is o n s  o f  the  n u m b e rs  o f  scallops 
c au g h t  a t  sites sub jec ted  to  o t h e r  f ish ing reg im es were 
n o t  significantly d ifferent.

M U L T IV A R IA T E  A N A L Y SE S

T h e  re la tive  s im i la r i ty  b e tw e e n  the  o b s e r v e d  c o m ­
p o s i t io n  o f  the sp ec ie s  a s s e m b la g e  o f  e ac h  si te  w as  
r e p re se n te d  by th e  M D S  o r d i n a t i o n  p lo t  o f  s q u a r e  
ro o t- tran sfo rm ed  species d a ta  ( F ig .  4). T h e  u n t raw led  
a n d  ex-trawl sites g ro u p e d  discretely, while  th e  g ro u p ­
ings o f  the  trawl a n d  seasonal  sites were less well defined. 
However,  these ag grega tions  o f  ins ide  a n d  o u ts id e  sites 
were significantly d if fe ren t  a t  th e  10% level ( a n o s i m , /• =  

0-375, P  =  0-06). T h e  s im p e r  analysis  d e te rm in e d  th a t

su b ito  e.V . lic e n se d  c u s to m e r  co p y  s u p p lie d  a n d  p rin ted  fo r  F la n d e rs  M arine Institu te  Library (SL105X 00225E)
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Fig. 3. M ean (± I SE) (a) b iom ass o f  a ttached  species, (b) 
b iom ass o f free species and (c) num ber o f  legally sized scallops 
observed at sites subjected to different fishing regimes.

the  overall  m e a n  sim ila rit ies  w i th in  the  trawl,  sea sona l ,  
ex-trawl a n d  u n t raw le d  sites were  10-5%, 16 '8% , 24-5% 
a n d  40-0%, respectively. T h e  greates t  overall  m e a n  d is ­
s im ila r ity  o c cu r re d  be tw een  th e  traw l a n d  u n t raw led  
sites (89-4%) an d  th e  lowest overall m ean  dissim ila rity  
was be tw een  the  traw l a n d  se a so n a l  sites (73-9%).

C o m m o n  t a x a  th a t  m a d e  the  greates t  c o n t r ib u t io n  
to the  s imilarit ies w i th in  sites o f  all f ishing regim es were  
the a t ta ch e d  c o lo n ia l  a n th o z o a n  A lcyo n iu m  d ig ita tu m  
L innaeus ,  hydro ids  an d  the  tu b e  bu i ld ing  bristle  w o rm  
C haetop terus variopedatus  R e n ie r  (T ab led ) .  T h e  sea 
u rch in  E ch inus escu len tus  L in n a eu s  was a lso  found  f re ­
q u en tly  a t  th e  ex-trawl a n d  u n traw led  sites, How ever ,  
this  species c o n t r ib u t e d  greatly  to  th e  between-fish ing

Inner’
site s

S tre s s ; 0-06

'O uter'
s ite s

o =  T raw l 0  =  Ex-Trawl

<^> =  S e a s o n a l  ^  = U ntraw led

Fig. 4. M D S  o rd in a tio n  p lo t show ing square root-transformed 
com m u n ity  b io m a ss  d a ta  for IPA sites sub jected  lo different 
fish ing  reg im es (n u m b e rs  in d ica te  site). In n e r  and  outer 
g roup ings ind ica te  s ite  g roup ings used in the a n o sim  test.

regim e d i s s im ila r i t ie s  b ecause  it w as  n o t  recorded  at the 
traw l o r  s e a so n a l  s i tes  (Tab le  5). A lc yo n iu m  digitatum  
a lso  c o n t r i b u t e d  g re a t ly  to  th e  dissim ila r it ies  between 
th ese  c o m b i n a t i o n s  o f  fishing regim es because  rela­
tively la rg e  q u a n t i t i e s  o f  th is  species w e re  found  at the 
ex-trawl a n d  u n t r a w le d  sites. T h e  b r i t t le  s ta r  Ophi­

o th r ix  fra g ilis  T h o m s o n  was on ly  fo u n d  in abundance  
a t  the  ex- traw l sites, a n d  m a d e  the  g rea tes t  con tr ibu t ion  
to  th e  d is s im ila r i t ie s  b e tw ee n  these  sites a n d  those of 
th e  o t h e r  f ish ing regim es.

T h e  r e l a t e  an a ly s i s  d e te rm in e d  t h a t  there  was no 
s im ila r i ty  in t h e  p a t t e r n s  obse rv ed  be tw een  the  benthic 
c o m m u n i ty  a n d  th e  to w  leng th ,  su b s t r a tu m  type and 
w a te r  d e p th  a t  e ac h  s i te  ( R h o  =  -0 - 1 1 6 ,  P  =  0-73). This 
resu lt  in d ica ted  t h a t  t h e  abio tic  variables tes ted  were not  

able  to p re d ic t  th e  v a r i a t i o n  obse rved  in t h e  biological 
co m m u n i ty .

D iscu ssion

C o m p a r a t iv e  s tud ies  o f  f ishing im p a c ts  a re  p ro n e  to the 
c o n f o u n d in g  effects  o f  variables  such as subs tra tum  
ty p e  t h a t  m ay  be a u to c o r r e l a te d  w ith  th e  f ishing treat­
m en t .  I n  th is  study, t h e  su b s t r a ta  a t  th e  t raw l sites were 
less c o a r se  t h a n  t h o s e  a t  th e  sites o f  o th e r  fishing 
regim es. However,  t h e  r e l a t e  analysis  ind ica ted  that 
f ish ing  w as  t h e  only va r iab le  t h a t  c o r re sp o n d e d  with 

th e  o b se rv e d  differences in th e  b e n th ic  communities 
b e tw ee n  th e  sites o f  d i f f e re n t  fishing regimes. T h e  infer­
ence  t h a t  f ish ing  r a th e r  t h a n  su b s t r a tu m  ty p e  brought  
a b o u t  t h e  obse rved  d ifferences  w as  fu r th e r  supported  
by  o u r  d a ta ,  because  while  th e  su b s t r a ta  a t  th e  seasonal 
a n d  t raw l sites were d ifferen t,  the  c o m m u n i t ie s  were 
a lm o s t  ind is tingu ishab le .  I f  it is a s su m e d  th a t  the  com ­
m u n it ie s  a t  t h e  trawl sites were  th e  m o s t  im pac ted  by 
co m m e rc ia l  fishing, t h e n  th e  cessa t ion  o f  towed-gear 
f ish ing  c o u ld  enable t h e  co m m u n i t ie s  at all sites a round 
th e  IP A  to  recover to w a r d s  th o se  o f  the  u n t raw led  state.
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1 able 4. s im i’I'.k results: iclaiive co n trib u tio n  lo w ilhin-site sim ilarities o l the l o u r  m ost sim ilar species observed at each  site

M ean M oan C o n trib u tio n C um ulative
ab undance (g ) sim ilarity (%) con trib u tio n  (%)

Trawl
H ydro ids 18-4 2-59 24-6 24-6
Atelecyclus ro tundatus 48-3 2-41 22-9 47-5
Nem ertesia 15 6 I 07 10-1 57-6
Asterias rubens 10-fi 1 01 9-6 67-2

Seasonal
Alcyonium  digita tan i 222-8 6-42 38-3 38-3
( hitetiipierits variopedatus 53-0 2 86 17 1 55-4
H yd roi d s 23-4 2-27 13-6 69-0
Aequipecten opercularis 18-4 1-19 7 ! 76-1

lí  X-trawl
A lartliaslerias glacialis 649-1 8 0 2 32-8 32 8
Echinus esculentus 813-9 7 15 29-2 61-9
A equipeclen opercularis 777-4 2-85 11-6 73-5
H ydroids 123-4 2-53 10-3 83-8

U n trawled
Alcyonium d ig ita tum 1583-7 25-96 64-9 64-9
Echinus esculentus 589-6 6-40 1 6-0 80-9
M ala squinado 104-5 1-84 4-6 85-5
Chaetopterus variopedatus 107-4 1 -60 4-0 89-5

Table 5. s im i’i :r  resu lts: relative c o n tr ib u tio n  lo betw een-site dissim ilarities o f  the fo u r  most d issim ila r species observed between 
each site.

M ean abundance  (g)

Regime 1 Regim e 2
M ean
dissim ilarity

C on tribu tion
(%)

Cum ulative 
con tribu tion  (%)

Trawl vs. seasonal
AIcyonitm i d ig itu lum 108-9 222-8 15-59 21-1 21-1
N em ertesia 15-6 186-2 12-48 16-9 38-0
M arthasterias g lacia lis 158-5 92-5 12-44 16-8 54-8
Pecten m axim us 6 2 9 42-2 5-47 7-4 62-2

Trawl vs. ex-traw l
A equipeclen opercularis 41-0 777-4 24-70 28-5 28-5
Echinus esculentus 0-0 813-9 18-03 20-8 49-3
M arthasterias glacialis 158-5 649-1 13-10 15-1 64-4

Chaetopterus variopedatus 3-5 203-9 4-17 4-8 69-2

Trawl vs. un traw led
Oph io thrix fra g ilis 0-0 1782-4 27-70 31-0 31-0

A Icyonium d ig ita tum 108-9 1583-7 26-14 29-2 60-2

Echinus esculentus 0-0 589-6 10-75 12-0 72-2

N em ertesia 15-6 309-1 5-57 6-2 78-4

S easonal vs. ex-traw l
A equipeclen opercularis 18 9 777-4 23-89 27-7 27-7

Echinus esculentus 0-0 813-9 17-43 20-2 47-9

M arthasterias g lacia lis 92 5 649-1 12-04 14-0 61-9

A Icyonium d ig ita tum 222-8 3-7 5-77 6-7 68-6

Seasonal vs. un traw led
Oph io thrix  fragilis 6-6 1782-4 27-09 33-8 33-8

Alcyonium  d ig ita tum 222-8 1583-7 23-49 29-3 63-1

Echinus esculentus 0-0 589-6 10-47 13-0 76-1

N em ertesia 186-2 309-1 4-80 6-0 82-1

Ex-lraw l vs. u n traw led
O phiothrix fragilis 86-2 1782-4 19-76 25-5 25-5

A Icyonium d ig ita tu m 3-7 1583-7 19-11 24-6 50-1

A equipeclen opercularis 777-4 10-4 10-12 13-1 63-2

Echinus esca lent is 813-9 589-6 6-61 8-5 71-8
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T h e  benthic com m unit ie s  in a re a s  that had  been open 
only to static gears in the y e a r  p reced in g  s a m p lin g  were 
richer and  o f  g rea ter  b io m a ss  t h a n  those  in a reas  tha t  
were impacted  by towed iish ing g e a rs  d u r in g  the sam e  
period. 1 Iowever. the benthic com m unities  at the ex-trawl 
sites rem ained  d ifferent to  those  a t  the u n t raw led  sites. 
T h e  lower c o m m u n i ty  b iom ass  b u t  g re a te r  species r ich­
ness a t  the ex-trawl sites is c o n s is ten t  w ith  the  in te r ­
m ediate disturbance theory  (Connell  1978). This suggests 
tha t  regular  t raw ling  d i s tu rb a n c e  will result  in a c o m ­
m unity  d o m in a ted  by a small  n u m b e r  o f  rap id ly  c o lo n ­
izing  a n d  m a tu r in g  species. In  c o n t r a s t ,  o c c a s io n a l  
t raw ling d is tu rb an c e  m ay  e n h a n c e  species r ichness 
b ecause  o f  o p p o r tu n i t ie s  for s low er  develop ing  species 
to becom e established in a d d i t io n  to  the  fastes t  c o lo n ­
izers. In the long  term absence o f  v igo rous  d is tu rbance  
a l  th e  u n t r a w le d  sites, a c o m m u n i t y  o f  m o d e r a t e  
species richness but  g rea te r  b io m a ss  a p p e a r s  to  have 
b e c o m e  d o m in a n t .  T h is  f in d in g  is n o t  n ecessa r i ly  
m ir ro red  by results  from o th e r  s tudies .  F o r  exam ple,  
T h r u s h  et al. (1998) found  th a t  a n  increase  in traw ling 
freq uency  resulted in a decrease  in  species richness. T h e  
present  s tudy was l imited in t h a t  the  d red g es  used 
would  have been unlikely to  sa m p le  sm all  species c o n ­
sistently. If  a d d i t io n a l  s a m p lin g  h a d  been  c o n d u c ted  
using f ine-mesh liners ins ide  th e  d redges ,  then  it is p o s ­
sible t h a t  g reater  n u m b e rs  o f  sm all  species w o u ld  have 
c h an g e d  the  observed  p a t t e rn  o f  b e n th ic  c o m m u n i ty  
r ichness between sites.

Arguably  th e  m o s t  s ignif icant  re su l t  f ro m  th is  s tudy 
is th a t  the  ben th ic  co m m u n i t ie s  fo u n d  a t  the seasonal  
sites were a lm os t  ind is t ingu ishab le  f rom  th o se  f o u n d  at 
the  t raw l sites. Only  th e  b io m a ss  o f  the  a t ta ch e d  c o m ­
m u n ity  was g re a te r  a t  the  se a so n a l  sites. T h is  indicates 
th a t ,  in  the a rea  o f  the IP A ,  a  6 - m o n th  cessa t io n  o f  
tow ed-gear  use  is insufficient fo r  the b e n th ic  c o m m u ­
n ity  to recover. In  c o n tra s t ,  so m e  s tud ies  c o n d u c te d  at 
shallow, coas ta l  sites have re p o r te d  t h a t  th e  b e n th ic  
com m unities  in f ish ing-im pacted  a reas  recovered within 
a  s h o r t  p e r io d  p o s t -d is tu rb an c e ,  an d  have  suggested  
tha t  n a tu ra l  d i s tu rb an c e  even ts  su c h  as  s to r m s  o r  t idal 
scour a re  likely to have a re latively g re a te r  im p a c t  th a n  
fishing d is tu rb an c e  (C u r r ie  &  P a r ry  1996; ICaiser & 
S p e n c e r  1996; K a ise r  e ta l .  1998; Collie  el at. 2000).  
How ever ,  th ese  w ere  e x p e r i m e n t a l  s tu d ie s ,  a n d  th e  
re p o r te d  responses o f  b e n th ic  c o m m u n i t i e s  to localized 
experim ental  fishing, m a y  n o t  rep re se n t  th e  effects o f  

fishing on  the  large scale a n d  r e g u la r  basis  t h a t  occurs  
w ith  co m m erc ia l  fleets.

In  sh o r t - t e r m  im p ac t  e x p er im en ts  (d ay s /m o n th s ) ,  
co m m u n i t ie s  m ay  a p p e a r  to  recover  as a  re su l t  o f  im m i­
g ra t io n  o f  f a u n a  f ro m  n e a rb y  areas ,  as th e  recovery  t r a ­

jec to r ies  typically  described  are  unlikely to  re su l t  f rom  
the  r e c ru i tm e n t  a n d  g ro w th  o f  se t t l ing  la rvae  (K a ise r  
e.t a!. 2002). I f  tow ed  g ears  a ffec t  a large a rea ,  then  
recovery  m a y  be m u c h  slower as im m ig ra t io n  ra te s  a re  
reduced ,  an d  th e  p rocess  o f  r e c ru i tm e n t  th en  beco m es  
increas ingly  im p o r t a n t  ( Jenn ings  e t a l  2001). I n  a d d i ­
tion ,  a t t a c h e d  e p ib e n th ic  species such  as A lcyonium

digitatum  an d  C h a e to p te ru s  variopedatus a re  slow grow­
ing (Rees 1987; N e w e ll ,  S e id e re r  & H itch c o ck  1998) 
a n d  m a y  take  m a n y  years  to a t t a in  fo rm er  biomasses 
(i.e. t h e  p r e f i s h in g  sta te) .  H ence ,  a t  the  la rge r  scales o f  
o p e ra t io n  o f  c o m m e r c i a l  fisheries,  b e n th ic  c o m m u n ­
ities m a y  take  y e a r s ,  d eca d es  o r  even th o u sa n d s  o f  years 
in deep  w a te r  a r e a s ,  to recover  (S a in sb u ry  et a!. 1997; 
H a l l -S p en c e r  &  M o o r e  2000; H a l l-S pencer ,  Allain & 
Fossa 2002).

T h e  s ig n i f ic a n t ly  g re a te r  b io m a ss  o f  a t t a c h e d  species 
a t  the u n t r a w le d  s i t e s  in c o m p a r is o n  to all  o th e r  sites is 
o f  p a r t i c u la r  i n t e r e s t  b e cau se  a t t a c h e d  e p ifa u n a  act as 
se t t lem en t  si tes  f o r  m an y  b e n th ic  species (Walters & 
Ju a n e s  1993). T h e  p re sen ce  o f  a t t a c h e d  ep ifauna  has 
been sh o w n  to i n c r e a s e  th e  su rv iv o rsh ip  o f  com m er­
cially ta rge ted  s p e c ie s  in c lu d in g  silver h a k e  M erluccius 
bilinearis  M i t c h i l l  (A u s te r ,  M a l a t e s t a  &  D o n a ld so n  
1997), c o d  G adus m o rh u a  L in n aeu s  ( T u p p e r  & Boutilier 
1995; L in d h o lm ,  A u s t e r  & K a u f m a n  1999) a n d  spiny 
lo b s te r  P anulirus a rg u s  L a tre i l le  (H e r r n k in d ,  Butler & 
H u n t  1999). S c a l l o p s  m ay  be th e  c o m m erc ia l ly  targeted 
species m o s t  l ike ly  t o  benefit  f ro m  the  IPA , a n d  signi­
ficant increases i n  s c a l lo p  b io m a ss  have  been reported 
a f te r  th e  e s t a b l i s h m e n t  o f  o th e r  c losed -a rea  systems 
( T u r n e r ,T a m m i  &  R ic e  1996; B rocken  &  K enching ton  
1999; M u r a w s k i  e t  a l. 2000). A  n u m b e r  o f  facto rs  may 
be im pl ica ted  in t h i s  effect. P r im ari ly ,  in add it ion  to 
being c a p tu re d ,  s c a l lo p s  m a y  be physically  damaged 
w hen  in d i rec t  c o n t a c t  w i th  tow ed  gears,  thereby  reduc­
ing su rv iv o rsh ip  a n d  fitness (C a d d y  1973; B rand ,  Paul 
&  I-Ioogesteger 1980) .  T h e  p resence  o f  a t tached  epi­
fauna  has also been identified as a critical spat settlement 
cue for  a  n u m b e r  o f  s c a l lo p  species ( D a r e  8c Bannister 
1 9 8 7 ;M in c h in  1992; S t o k e s b u r y & H i m m e lm a n  1995). 
F ina lly ,  f ishe ry  c o l l a p s e s  o f  s im i l a r  sessile  species 

have b e en  a t t r i b u te d  t o  a  re d u c t io n  in th e  density  o f  
adu lts ,  such  th a t  m a t u r e  in d iv id u a ls  were  t o o  isolated 
to  re p ro d u c e  success fu lly  (Tegner,  B asch  &  D ayton 

1996; M a l a k o f f  1 9 9 7 ;  O r e n s a n z  e t a l. 1998; R oberts  
&  H a w k in s  1999; J e n n in g s  2000). H en ce ,  significant 
cum ula t ive  benefi ts  m a y  acc ru e  for th e  IPA  scallop 
p o p u l a t i o n  f r o m  g r e a t e r  r e p r o d u c t iv e  o u t p u t ,  spat  
se t t le m e n t  a n d  s u b s e q u e n t  ju v en i le  survival.  High« 
den s i ty  p a tc h es  o f  sc a l lo p s  w ere  p re sen t  a t  the ex-trawl 
an d  u n t r a w le d  sites w i t h in  th e  IPA. However,  th e  impli­
c a t io n s  o f  th e se  h ig h -d en s i ty  p a tch es  fo r  recru i tm ent to 

th e  s u r r o u n d i n g  f ishery  r e m a in  u n k n o w n .
W ith in  the  IPA  sy s te m ,  so m e  a re a s  a re  ro ta ted  sea­

sona l ly  to p e rm i t  f ishers  f ro m  different  sectors equitable 
access to  re sources  (B ly th  e t al. 2002). A re a  rotations 
p re se n t  a  p o ten t ia l  p r o b le m  for  th e  m a in ten a n ce  o f  
b e n th ic  c o m m u n i t ie s  b e c a u se  to w e d -g ea r  fishers return 
regularly  to a reas  th a t  previously  p ro d u c ed  goo d  catches 
a n d  a r e  k n o w n  to be  c le a r  o f  seabed  o b s t ru c t io n s  that 
co u ld  d a m a g e  the  f ish ing  gear  ( R i jn s d o r p  et al. 1998). 
A r e a  r o ta t io n s  may th e re fo re  re lo ca te  f ish ing effort by 
fo rc ing  f ishers to  o p e ra te  away f r o m  favoured  sites. For 
exam ple ,  large-scale  f ishe ry  c losures  f ro m  2000 to 2002 
in t h e  N o r t h  Sea ,  w h i c h  w ere  d e s ig n e d  to  p ro tec t
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sea so n a l  s p a w n in g  ag g reg a t io n s  o f  cod ,  forced fishers 
aw ay  from t r a d i t io n a l  g rounds .  D in m o re  at al. (2003) 
a rg u e d  tha t  the  result  o! this fishery d isp lacem en t  m ay 
have h a d  g re a te r  lo n g - te rm  im p a c ts  on  fish s tocks  a n d  
be n th ic  c o m m u n i t i e s ,  b ecause  l ishers were forced lo 
o p e ra te  in a r e a s  th a t  h a d  rare ly  o r  never been fished 
before ,  t h a n  if  th e  fleet h ad  s im p ly  been a l lo w ed  to 
c o n t in u e  o p e r a t in g  in t r ad i t io n a l  locations.  However,  
th e  g reates t  im p a c t  on  the  p r o d u c t io n  and  b io m a ss  o f  
e p ib e n t h i c  c o m m u n i t i e s  o c c u r s  w i th in  th e  first few 
passages o f  towed, demersal gears (Sainsbury et al. 1997; 
Jenn ings  & K a ise r  1998; Jennings 2000). Hence, in o p e n -  
access  sys tem s w h e re  lishers a re  able  to target virgin 
g ro u n d s ,  s table  b e n th ic  co m m u n i t ie s  may be im pac ted  
s ign if ican tly  by even  single passes w ith  lowed gears.

P reven ting  to w ed -g ea r  fleets from o pe ra t ing  in closed 
ti reas  over  suffic iently  long  p e r iods  h a s  the p o ten t ia l  to  
a l low  b e n th ic  c o m m u n i t i e s  in those  areas to recover 
a n d  be m a in t a in e d .  F in d in g s  f rom  th is  s tudy  suggest  
t h a t  th e  c e s s a t i o n  o f  to w e d - g e a r  f ishing in re g io n s  
s im ila r  lo  th o se  rep re sen ted  by the IPA m ust  be o f  a 

d u r a t io n  lo n g e r  t h a n  2 years  if  benefits  for th e  b en th ic  
c o m m u n i ty  a re  to  accrue.  A 5 -year  c losure  on  G e o r g e ’s 
B a n k ,  C a n a d a ,  re su l ted  in s ignif icant  recovery o f  the 
b e n th ic  c o m m u n i ty ,  in c lu d in g  ta rge t  species such  as 
yellowtail  f l o u n d e r  L im a n d a  ferrug inea  S to re r  a n d  sea 
sca l lo p s  P la co p ec ten  m agellan icus G  m elia ,  such th a t  a 
ro ta t in g  c lo su re  sy s te m  was su b seq u en t ly  p ro p o se d  to 
increase  f ishery  p r o d u c t io n  (M u ra w sk i  et id. 2000).

C O N C L U S IO N S

Fish e rs  m ay  o b jec t  lo  the c rea tion  o f  p e rm a n en t  m ar in e  
p ro tec te d  a r e a s  b e c a u se  harves tab le  s tocks can  m ove  
f ro m  place to p lace ,  a n d  f ro m  season  to  season, In  c o n ­
t ra s t ,  z o n e d  m a n a g e m e n t  sys tem s a llow fishers f ro m  
so m e  sec to rs  o f  t h e  f ish ing in d u s t ry  lo  re ta in  access to 
m a r i n e  resources ,  while  hav ing  the p o ten t ia l  to en su re  
th a t  sensit ive  o r  im p o r t a n t  hab ita ts ,  and  a s ignificant 
p o r t io n  o f  ta rg e te d  s locks ,  rem a in  p ro tec ted .  T h e  a r g u ­
m e n t  for a d o p t i n g  z o n e d  sys tem s will be s t ren g th e n ed  
i f  it c a n  b e  s h o w n  t h a t  th e se  reg im es  c a n  p r o v id e  
e c o n o m ic  b e n e f i t s  to  local c o m m u n i t i e s  t h a t  d e p e n d  
on  fishing, while  h e lp in g  to achieve hab ita t  a n d  s to c k  
m a n a g e m e n t  goa ls .  How ever ,  if  a rea  ro ta t io n s  a re  
i n c o r p o r a te d  i n to  m a n a g e m e n t  plans,  the  length  o f  
t im e  b e tw ee n  s w i tc h in g  usage from  o n e  area  to  a n o th e r  
m u s t  be  suff ic ien t  fo r  th e  b io m ass  a n d  diversity o f  ben -  
th ic  c o m m u n i t i e s  to  recover. T h is  t im e per iod  m ay need  
to be  m u c h  lo n g e r  t h a n  is pred ic ted  by  ben th ic  recovery  
t ra jec to r ie s  c o n s t r u c t e d  f ro m  sh o r t - t e rm  ex p e r im e n ta l  
f ishing (C ollie  e t a i  2000) ,  a n d  will d e p en d  on  fa c to rs  
th a t  in c lu d e  th e  d e p th ,  t idal regime, susceptib i l i ty  to 
w e a th e r  a n d  s u b s t r a t u m  a n d  fishery types (D a y to n  
e t a!, 1995; K a i s e r  e t a i  2002). In th e  presen t  s tudy,  a 
cessa t io n  o f  to w e d - g e a r  fishing f o r a  2-year pe r iod  was 
insuff ic ient  fo r  b e n th i c  co m m u n i t ie s  to recover to  the  
p o in t  th a t  th ey  w e re  in d is t ingu ishab le  f rom  c o m m u n ­
ities f o u n d  in a d j a c e n t  a rea s  th a t  h a d  been exclusively

subjected  lo a  s t a t i c -g e a r  fishing reg im e  (i.e. n o  towed- 
gear  im p a c ts ) .  T h e s e  resu lts  a re  i m p o r t a n t  fo r  fishery 
m a n a g e rs  g i v e n  the  c u r re n t  d r ive  fo r  using  spatia l  a n d  
tem pora l  re s t r ic t io n s  o n  f ishing effort a s  fishery m an ag e ­
m ent tools.

A ck n ow led gem en ts

T h e  a u th o r s  a r e  gra tefu l  to th e  fishers o f  th e  S o u th  
D ev o n  a n d  C h a n n e l  S h e l l f i sh e rm en s  A sso c ia t io n  L td  
an d  the  S o u th - w e s t e r n  F ish  P ro d u c e rs ’ O rgan iza t ion  
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ing for the ir  a s s i s t a n c e  w i th  field w ork :  H i lm a r  Hinz, 
Ivor Rees, R i c h a r d  S h u c k sm i th ,  M a r i k a  G a lan id i  a n d  
M elan ie  B e rg m a n n .  T h e  a u th o r s  a lso  th a n k  Vivienne 
Skyrme, S im o n  Jen n in g s ,  the  ed ito rs  a n d  three  a n o n y ­
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