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A bstract

T he fishery fo r brow n shrim p (C rangon crangon ) is im portant in the N orth Sea and  is carried  out by m ore than 600 vessels, 
w ith total annual brown shrim p landings o f around 20,000 t. Due to the sm all m esh  size  used the catches also contain large 
am ounts o f by-catch. To find w ays o f reducing this by-catch, experim ents w ere carried  ou t with a Nordmcjme type sorting grid 
during tw o trips on a research vessel and three trips on a com m ercial vessel.

T he results depended strongly on the catch  com position in the brow n shrim p fishery. I f  the catch com position did not cause 
clogging problem s with the sorting  grid, it m et the objectives it was designed for. T h e  reduction  o f fish (>70% ) and benthos 
(65% ) in the catch was quite high. T he com m ercial brown shrim p catch was reduced  by 15%. T he cod-end catch  consisted 
m ainly o f shrim ps and required less sorting  and the cod-end selectivity for shrim p increased. If, however, m aterial occurred in 
the catch that caused clogging, the  com m ercial brow n shrim p catch was soon be low  the level acceptable to comm ercial 
fisherm en. (f) 2002 E lsevier Science B.V. All rights reserved.
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1. Introduction

T h e  fishery fo r b row n sh rim p  (C rangon crangon)  in 
th e  N orth  S ea  is ca rried  o u t by  m o re  than  600  vessels 
w ith  a to tal annual b row n  sh rim p  land ing  o f  around  
20 ,000  t (A non., 1996). Browni sh rim ps a re  caugh t in 
coasta l and estuarine  w aters , by  sm all b eam  traw lers 
w ith  a m ax im um  eng ine  p o w er o f  221 kW  (300  hp). 
M o st o f  the vessels tow  tw o b eam  traw ls w ith  a  legal 
m in im um  cod-end  m esh  o p en in g  o f  20  m m . T he 
brow n  shrim p fishery on th e  B elg ian  and  D u tch  coast, 
p rim arily  ta rgets brow n sh rim p , b u t has an im portan t 
b y -ca tch  o f  several ro und  and  flatfish  spec ies, such  as
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cod (G adus m o rh u a ), w h iting  (M erla n g iu s m erlan­
g u s) , dab  (L im a n d a  lim anda), p la ice  (P leuronectes  
p la tessa ), flounder (P la tich tys  fle su s)  and so le  (Solea  
solea).

B ecau se  o f  th e  sm a ll m esh  size  necessary  to catch 
brow n  sh rim ps (C . crangon), th e  nets con ta in  large 
am ounts o f  u n w an ted  by -catch . B esides large  quan­
tities o f  un d ers ized  sh rim p  (over 2/3 in  num bers o f  the 
sh rim p  catch  —  n o t rep o rted  d a ta  from  d iscard  obser­
vations 1 9 9 6 -1 9 9 7 ), la rg e  am ounts o f  ju v en ile  co m ­
m ercial fish o ccu r in  th e  ca tches o f  N orth  S ea  brow n 
shrim p traw lers (T able 1). A lthough  these num bers are 
substan tia l, they  te ll little  o f  the b io log ica l and eco ­
nom ic  effec ts  o f  d iscard ing . E luc ida ting  the signifi­
cance  o f  d iscard ing  in  the brow n  sh rim p  fishery, in 
term s o f  its  p o ten tia l im p ac t upon recru itm en t and
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Table  1
A nnual num bers (in  m illions) o f  d iscards in the  E uropean C rangon  
fishing fleets 1996/ 1997a

Plaice Sole W hiting Cod

D enm ark 33.7 0 .1 1.1 3.0
G erm any 724.7 8.7 9.8 17.3
T h e  N etherlands 157.5 4.0 22.3 16.9
B elgium 2 .2 1.5 9.2 0.5
U K  (E ast coast) 9.9 1.3 12.9 4 .6

Total 928.1 15.7 55.3 42.3

a Source: E conom ic  and B iological C onsequences o f  D iscard­
ing  in  the  E uropean Crangon  F isheries, EU  (D G  X IV ) P ro ject No. 
97/SE /025.

sp aw n in g  sto ck  b iom ass o f  the fish species concerned , 
and h ence  on the po ten tia l lost land ings and the ir 
a sso c ia ted  m ark e t values, w as th e  m ain  aim  o f  the 
E C O D IS C -p ro jec t.1 T he annual land ings lo s t due  to 
th e  cu rren t levels o f  d iscard ing  in th e  E u ropean  C ran­
gon  fisheries h av e  been  estim ated  in th is p ro jec t to  be 
a ro u n d  2 0 0 0  t fo r cod , 1500 t fo r w h iting , 12,000 t fo r 
p la ice  and  600  t fo r so le. In re la tion  to th e  cu rren t 
N orth  S ea  T A C , d iscard ing  o f  0- and  1-group p la ice  in 
the C rangon  fisheries has a sign ifican t b io log ica l and 
eco n o m ic  im p ac t on th e  N orth  Sea p la ice  stock  an d  its 
fishery  po ten tia l. T he estim ated  im pacts on  cod , so le  
and  w h iting , how ever, are  re la tively  sm all. A p art from  
co m m erc ia l sp ec ies , a  w ide variety  o f  non -com m erc ia l 
fish and b en th ic  species (m ostly  c rustaceans, ech ino - 
derm s and m o llu scs) (Polet, 1998) ends up  in  the 
ca tches, w h ich  are d iscarded  to g e th e r w ith  th e  u n d er­
sized  fishes and brow n  shrim ps.

To find w ays o f  reduc ing  b y -ca tch , a na tional 
re sea rch  p ro g ram m e w as set up at the B elg ian  Sea 
F ish eries  D epartm en t. B eside e lec tric  fish ing and  the 
se lec tiv e  sieve net, th e  selec tive  so rting  g rid  is one  o f  
the tech n ica l adap ta tions to  th e  fish ing g ea r w h ich  is 
cu rren tly  be in g  investigated . T he resu lts  from  grid  
study, o b ta ined  so  far, are  p resen ted  here. It is w orth  
m en tio n in g  th a t th e  m andato ry  use o f  se lec tive  dev ices 
fo r th e  sh rim p  fisheries in  the N orth  S ea  is be ing  
d iscussed  w ith in  th e  E uropean  C om m ission . F ish er­
m en  w ill have th e  cho ice  betw een so rting  grids and 
sieve nets.

1 E conom ic  and  B io log ical C onsequences o f  D iscard ing  in  the 
E uropean  C rangon  F isheries, EU (D G  X IV ) P ro ject N o . 97 /S E / 
025.

Sorting  g r id s  ex is t in d iffe ren t designs, lik e  the 
Nordmcjire g r id ,  so rt-X  and sort-V , and are  u sed  in 
m any  fisheries t o  im prove sp ec ie s  and /o r size  se lec ­
tiv ity  (A non., 1 9 9 8 ) .  Sorting  grids are a lready  w idely  
u sed  in th e  c o m m e rc ia l  shrim p fishery  in the northern  
A tlan tic  to s e p a r a te  P andalus borea lis  from  th e  fish 
ca tch  and are o f t e n  adopted  on a  vo lun tary  b asis  by  the 
fisherm en. In t h e  N orth Sea, how ever, th e  use o f  
so rting  grids i s  s till in th e  experim en ta l p h ase  w ith  
tests carried  o u t  in  the U n ited  K ingdom  (G raham , 
1997) and G e rm a n y  (W ienbeck , 1997).

2. Materials an d  methods

2.1. F ishing a r e a ,  vessels an d  traw ls

T he trials w e r e  carried  ou t du ring  tw o cru ises  in 
N ovem ber 1 9 9 6  and A pril 1997 on board  o f  the RV 
“ B e lg ica”  ( le n g th  =  50.9  m , G R T  =  7 6 5 1, engine 
p o w er =  1154 k W )  and th ree  c ru ises in Ju ly  and 
S ep tem ber 1 9 9 7  on the com m erc ia l sh rim p  traw ler 
Z .582 , “A s a n a t”  (length  =  19.8 m , G R T  =  491 , eng ine  
po w er =  107 k W ) .  T he da ta  co llec ted  during  th e  first 
trip  on  th e  R V  “ B elg ica”  w as u sed  fo r p re lim inary  
experim en ts t o  op tim ise the rigg ing  o f  th e  grid 
w hereas those  co lle c ted  in th e  o th e r trips w ere  used 
to fo r the se le c tiv ity  estim ates o f  the so rting  grid . A 
com m erc ia l s k ip p e r  was h ired  to se lec t fish tracks and 
gu ide  fishing o p e ra tio n s  in o rd e r to  m eet as c lo se  as 
poss ib le  c o m m e rc ia l cond itions. It has to  be  noted, 
how ever, th a t d u e  to safety  regu la tions and restric ted  
access o f  th e  research  vessel to shallow  fishing 
g rounds, the ex p e rim e n ts  w ere m ain ly  ca rried  out 
on  flat and h a rd  sand  grounds w ith  a ra ther low  num ber 
o f  species in  t h e  catch. C on trary  to  th e  research  vessel, 
th e  c o m m e rc ia l b o a t tow ed tw o  beam  traw ls s im u lta ­
neously , one  a t  each  side o f  th e  vessel. T he brow n 
sh rim p  fish ing  g rounds w ere lo ca ted  on th e  B elg ian  
and southern  D u tc h  coast, in IC E S  subd iv ision  IVc. 
T h e  tow ing  s p e e d  w as betw een  2  and 3 kno ts on  the 
research  as w e l l  as on the com m erc ia l vessel. T he 
variab ility  in to w in g  speed  w as som ew hat h ig h e r on 
th e  c o m m e rc ia l vessel due to th e  influence o f  tid e  but 
th e  d iffe ren ces  w ere  very sm all. T h e  w arp len g th  was 
th ree  tim es th e  w ater depth.

T h e  gear u s e d  w as a  com m ercia l shrim p beam  traw l 
(F ig . 1) w ith  a  beam  length o f  8 m  and a  vertica l net
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Fig. 1. T he  brow n shrim p beam  traw l.

o p en in g  o f  0.5 m. T h e  leng th  o f  the  head lin e  and the 
g round rope  w as 7.8 and 9 .8  m , respectively . T he 
b o b b in  rope consisted  o f  ru b b e r bobb in s w ith  a  d ia ­
m e te r o f 21 cm  rigged  on steel axes w ith  a d iam eter o f 
20  m m . T he n e t (Fig. 2) w as m a d e  o f  kno tted  p o ly ­
am ide  netting  w ith  a nom inal m esh  len g th  o f  28  m m  in 
th e  fro n t part d ecreas ing  to  22  m m  in  th e  aft part o f  the 
net. T he cod -end  w as m ade  o f  k n o tted  po lyam ide 
n e ttin g  w ith a nom inal m esh  s ize  o f  22  m m  and 
p ro tec ted  by a po lyam ide  liftin g  b ag  w ith  a  nom inal 
m esh  size o f  80 m m . T h e  sam e n e t d esign  w as used  for 
a ll experim ents.

T h e  sorting  g rid  used  w as 6 0  cm  w ide  and 80  cm  
long  w ith  bars p ara lle l to  th e  80  c m  side  and p ara lle l to 
the long itud ina l axis o f th e  net. T h e  bars had  a 
d iam e te r o f  6 m m  and  w ere  m ad e  o f  po lyethy lene. 
T h e  grid -fram e co n sis ted  o f  p la s tic  tubes w ith  a 
d iam e te r o f  30 m m  during  th e  tests  on  th e  research

vessel b u t w ere  re p la c e d  by sta in less s tee l tubes w ith  a 
d iam ete r o f  17 m m  fo r  th e  tria ls  o n  th e  com m ercial 
vessel. T h e  la tte r  w as  rigged  w ith  tw o  1 1 floats to 
p reven t sc rap ing  on th e  bottom . T h e  b a r spacing  was 
12 m m  d u ring  the exp e rim en ts  in N o v em b er 1996 and 
w as in c reased  to  14 m m  fo r the rem ain ing  ones. T he 
g rid  w as rigged  w ith  an  angle o f  45° slop ing  back­
w ards and  w ith  an o u tle t all a long th e  top  side o f  the 
g rid  w ith  a w id th  o f  15 cm .

2.2. T he co d -en d  a n d  the ou tle t covers

T h e  cod -end  se lec tiv ity  w as de te rm ined  using the 
covered  cod-end  tech n iq u e  (W ilem an et ah, 1996). 
T he co v er w as con stru c ted  o f  kn o tted  po lyam ide 
n e tting  w ith  a nom ina l m esh s ize  o f  11 m m  and 
w as 800 m eshes on  th e  c ircum ference  and had a 
su ffic ien t leng th  to  le av e  an open sp ace  beh ind  the
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Net: 7.80 m  I  9.80 m

Type : Beam trewi - 8m beam 
-s : t r e  on shrimp [C/ungon crangon) 

: Lucien Desmit

Vessel.

Beam trawler - shrimp

Ropes
Length Material Oiameter

a  7 80 m mixed 18 00
b  1 00  m PE 16 00
c  0 80 m mixed 18 00
d  4 50 m mixed 1800

Fig . 2. T h e  netplan.

aft en d  o f  the cod -end  o f  1.5 m. T h e  co v er w as held  
open  by  a h a lf  ho o p  over the top  panel o f  th e  cod -end  
and h a d  a d iam ete r o f  1.5 m  (Fig. 1). T h e  app lica tion  
o f  fu ll hoops w as no t feasib le  due to  freq u en t d am age 
cau sed  b y  the c lo se  bo ttom  con tac t o f  b eam  traw ls. To 
study  th e  se lec tiv ity  o f  the grid  on th e  re sea rch  vesse l, 
th e  o u tle t w as covered  by a sm all m esh  cod-end  
(ca lled  th e  o u tle t cover) m ade o f  th e  sam e ne tting  
as th e  cod-end  cover. T o p reven t ob stru c tio n  o f  the 
o u tle t, th e  ou tle t co v er w as rigged  w ith  fou r 1 1 floats 
(Fig. 1). O n the com m ercia l vesse l, the o u tle t w as 
co v e red  by  a la rge  m esh  (80 m m ) co d -en d  in o rd e r to 
ca tch  th e  m arke tab le  fish (Fig. 1). A  sm all m esh  cover 
w as n o t necessary  because  catch  co m p ariso n  w as 
po ss ib le  be tw een  the standard  g ear a t o n e  s ide  and 
the  experim en ta l g ear a t the o ther side o f  th e  vessel. 
T h e  covered  cod -end  techn ique m ay have d isad v an ­
tag es , lik e  a reduc tion  o f  w ater flow, m ask in g  o f  the

cod -end  m e s h e s  and  influence on the  behav iou r o f  the 
fish (W ilem an e t  al., 1996). O n the  research  vesse l this 
m ethod  w as, h o w e v e r, th e  b est op tion  b u t escapem en t 
o f  an im als  th ro u g h  the co d -en d  m eshes and the grid  
ou tle t m ay  h a v e  been underestim ated .

D ue to  the s m a ll  size o f  the m eshes, th e  IC E S  m esh 
g auge cou ld  n o t  be  used to  m easure the open ing  o f  the 
m eshes. A lte rn a tiv e ly , a  ca lliper w as used, stretching 
th e  m eshes w ith  a w eight o f  2  kg. T he w eigh t o f  2 kg 
w as chosen  a c c o rd in g  to  the ru les  set up  in  EU - 
regu la tion  2 1 0 8 /8 4  for m easuring  m eshes w ith  a size 
below  35 m m . T h e  m esh open ings o f  th e  large m esh 
ou tle t co v er w e r e  m easured  w ith  the IC E S m esh  gauge 
se t a t 4  kg  p re ten s io n . T he average m esh  open ings (and 
standard  d ev ia tio n s ) o f  the cod-end  used  on the RV 
“ B e lg ica” , th e  cod-end cover, the sm all m esh  outlet 
cover w ere 2 1 .7  (0.61 m m ), 10.5 (0 .74 m m ), 10.7 m m  
(0 .54  m m ), respec tive ly . F or the experim en ta l and
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standard  cod-end  used  on th e  com m ercia l vessel and 
the large  m esh ou tle t cover th is w as 21.3 (0.58 m m ),
21.5  (0.78 m m ) and 77.7  m m  (2 .16 m m ), respectively.

2.3. D a ta  co llec tion  an d  ana lysis

T h e  species investigated  on th e  research  vesse l w ere 
b row n shrim p, p la ice , so le , dab , w h iting  and cod. On 
the com m ercia l vesse l, all an im al species occu rring  in 
the ca tch  w ere investigated .

A fte r each h au l the cod -end  and ou tle t cover catches 
w ere  processed  th ro u g h  a co m m erc ia l ro ta ting  shrim p 
ridd le  to separa te  b row n sh rim ps from  the la rg e  by- 
ca tch  and subdiv ide the brow n sh rim ps in to  com m er­
cial and non -com m ercia l sizes. A fte r so rting , th e  ca tch  
w as thus split in to  th ree  ca tch  fractions:

© T h e  large by-catch  co n ta in in g  th e  la rg e r fishes, 
crabs, starfish , deb ris , etc.

© T h e  com m ercial shrim ps co n ta in in g  also 0- and 1- 
g roup  fla tfish  to g e th e r w ith  o ccasio n a l ju v en ile  
roundfish .

© T h e  non -com m ercia l sh rim ps a lso  w ith  th e  sm allest 
0- and 1-g roup  flatfish .

T h e  vo lu m e o f  each  ca tc h  f ra c tio n  w as reco rded . 
T h e  fish in each  ca tc h  frac tio n  w ere  m easu red , im m e­
d ia te ly  a fte r th e  h au l. A ll fish w e re  m easu red  fo r  to ta l 
len g th  (T L ) to  th e  ce n tim e te r be low . A  sam p le  o f  1.5 1 
o f  b row n  sh rim ps w as ta k e n  fro m  th e  c o m m erc ia l and 
fro m  the n o n -co m m erc ia l sh rim p  frac tio n  fo r la te r 
an a ly s is  in the labo ra to ry . T h e re  th e  T L  o f  th e  sh rim ps 
w as m easu red  to  th e  m ill im e te r  b e low  fro m  th e  tip  
o f  th e  scap h o cerite  to  the d is ta l m arg in  o f  th e  fans 
o n  th e  stre tch ed  u ropods . F o llo w in g  th e  re su lts  o f  a 
th eo re tic a l study  on th e  e ffec t o f  sam p le  sizes  on  the 
e s tim a tio n  o f  se lec tio n  p a ra m e te rs  fo r sh rim p  traw l 
co d -en d s  (P o le t and  R ed an t, 1999), i t  w as decided  
to  m easu re  a t le a s t 25 0  sh rim p s p e r  c a tc h  frac tio n , 
w h ic h  is a co m p ro m ise  b e tw e e n  w o rk lo ad  an d  accu ­
racy , i.e . 500 fro m  th e  co d -en d , 50 0  fro m  th e  o u tle t 
co v e r  and 250  fro m  th e  c o d -e n d  cover. T h e  fish and 
th e  b row n  sh rim p s from  the  co d -en d  co v e r w ere  
m an u a lly  so rted . A ll fish w ere  m e a su re d  and  a  sam p le  
o f  1.5 1 o f  sh rim ps w as ta k e n  to  b e  m easu red  in  the 
laboratory .

To estim ate  the am oun t o f  b en th ic  an im als sorted  
o u t by  the grid , th ese  w ere  an a ly sed  during  th e  e x p e ri­
m en ts conducted  w ith  th e  co m m erc ia l vessel. A t each

hau l, a  6 -1 0 1  s a m p le  w as taken  from  th e  large  by- 
ca tch  frac tion  f ro m  e a c h  o f  th e  tw o nets, a fte r the fish 
w ere  so rted  out. I n  th e  labo ra to ry  all ben th ic  anim als 
w ere  w eighed  a n d  c o u n te d . T h is w as also done  fo r the 
b en th ic  o rg an ism s in  th e  b row n  shrim p sam ples. A ll 
these  data  w ere  th e n  reco m b in ed  to e stim ate  the 
co m position  o f  th e  to ta l ca tch  and this a llow ed  the 
ca lcu la tion  o f  th e  e x tra  se lec tiv ity  due to  th e  g rid  for 
each  species e n te r in g  th e  traw l.

T he cod-end  s e le c tiv ity  w as stud ied  only  fo r brow n 
shrim p. F ish  w ere  n o t fo und  in  the cod-end  cover in 
su ffic ien t n u m b ers  to  d e te rm in e  any se lec tion  ogive. 
B ased  on  the  d e v ia n c e  res idua ls  fo r se lec tion  curves, 
th e  log istic  fu n c tio n  w as chosen  to  describe  th e  selec­
tiv ity  fo r e ach  sp e c ie s  and  fitted the data  v e ry  well. 
T h is fun c tio n  is th e  cu m u la tiv e  d is tribu tion  fu nc tion  of 
a lo g is tic  ran d o m  v a ria b le  and is specified  by fo llow ­
ing  eq ua tion  (W ilem an  e t al., 1996):

exp (a +  bt)
1 +  e x p (a  +  bí)

w here  r(l) is the  p ro b a b ility  tha t an anim al o f  leng th  / 
is re ta in ed  in  th e  co d -en d . a  and  b, the  tw o param eters 
to  be  estim ated , re p re se n t th e  in te rcep t and th e  slope, 
a fte r a  log it tran sfo rm a tio n . T h ese  param eters were 
e stim ated  w ith  th e  m ax im u m  like lihood  m ethod  using 
th e  C C  so ftw are  (C o n sta t, D enm ark). L25, L 50  and 
L 75 are  the bo d y  le n g th s  a t w h ich  25 , 50 and 75%  o f 
th e  b row n sh rim ps a re  re ta in ed  in  the cod-end. SR  is 
the se lec tion  range, eq u a l to  the d ifference  betw een  
L75 and  L 25 and g ives an idea  abou t th e  slope  o f  the 
curve.

L 50  =  - j ,  SR  =  21oj M 3 ) L25 =  L 50  -  — ,
b  b  2

SR
L75 =  L 50  +  —

S ing le  hau ls w ere co m b in ed  by  the variance co m p o ­
nent analy sis m ethod  o f  F ryer (1991) by  the CC 
so ftw are . 95%  confidence  lim its a re  given betw een 
b rackets.

T h e  selectiv ity  o f th e  grid , in  the  case o f  the research  
vesse l tria ls, w as ca lcu la ted  as the ratio  o f  the num bers 
in  th e  cod -end  and th e  cod -end  cover to the  total 
num bers in  the cod-end , the cod-end  cover and the 
ou tle t cover. In  the case  o f  the com m ercia l vessel this 
w as ca lcu la ted  as the ra tio  o f  the num bers in th e  cod- 
end  o f  the experim ental gear, tow ed  at one  side o f  the
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vesse l, to the num bers in the cod -end  o f  the standard  
gear, tow ed  at the o ther side o f  th e  vessel. E xcep t fo r 
so le  and brow n shrim p, the logit m odel w as found  to  fit 
th e  data.

3. Results

3.1. F ish ing  cond itions

A  lo g  o f  th e  sea tria ls  is given in  T able  2. D uring  the 
first c ru ise  (96 /27) five hauls w ere  carried  ou t to 
o p tim ise  th e  rigg ing  and the han d lin g  o f  th e  g rid  
and th e  covers. A  p re lim inary  e stim ate  w as m ade 
on th e  loss o f  m arketab le  shrim ps.

D uring  the second  trip  (9 7 /08 ), 24  hau ls w ere 
ca rried  ou t w ith  a traw l rigged  w ith  the  so rting  grid, 
a co d -en d  co v er and an ou tle t cover. S hrim ps w ith  
len g th s w ith in  the SR  w ere cau g h t in su ffic ien t n u m ­
bers in each  h au l to  ca lcu la te  cod -end  selectiv ity . T he 
fish in  the ca tch  w ere, how ever, n o t sm all en ough  to 
find su ffic ien t num bers o f  escapees in the cod -end  
co v er to  ca lcu la te  any cod-end  se lec tiv ity  og ive . F or 
the ca lcu la tio n  o f  the grid  se lec tiv ity  og ives fo r th e  five 
fish spec ies caugh t, all hau ls w ere  poo led  s ince  n u m ­
bers w ere  too sm all to  de term ine  th e  ogives at th e  haul 
level. C onsequently , no  confidence  lim its a re  given. 
C o m pared  to  com m ercia l cond itions, the ca tches w ere 
ra ther c lean , i.e . w ith  low  am oun ts o f  ben thos and 
debris.

D uring  the  th ree  trips on the  com m erc ia l vesse l, 10 
h au ls  w ere carried  ou t w ith th e  standard  g ear a t one 
side o f  the  vessel and the experim en ta l net w ith  a 
so rtin g  g rid  on the o ther side. O nly  five hau ls w ere 
u sed  fo r  selec tiv ity  calcu la tions since  clogg ing  o f  th e  
g rid  occu rred  in  the  o ther five hau ls. T h e  num bers o f 
b row n  sh rim ps w ere sufficiently  la rg e  to  de te rm in e  the 
g rid  selectiv ity . F or the ca lcu la tion  o f  the g rid  se lec ­
tiv ity  og ives fo r the four fish sp ec ie s  ana ly sed , again  
all h au ls  w ere pooled . T he vo lum es o f  ben thos and

debris in  th e  c a tc h e s  w ere la rg e  com pared  to the 
research  v e sse l trips.

D uring  e a c h  h au l the tow ing  d irec tion  w as k ep t 
constan t. D ue to  obstacles on  th e  seafloor and  the 
natu re  o f  the f i s h in g  ground, th e  m ax im um  leng th  o f  
the fish tracks d if fe re d  and hau l du ra tion  cou ld  n o t be 
kep t constan t (T a b le  2). N o co rre la tio n  w as found , 
how ever, b e tw e e n  tow ing d irec tion  o r  hau l du ra tion  
and se lec tiv ity  o f  the cod-end  n o r the grid.

3.2. C od-end  s e le c tiv ity

T he L 50  f o r  b row n sh rim p  fo r all hau ls , on the 
second  re s e a rc h  vessel trip , co m b in ed  w as 44.1 m m  
(4 2 .2 -4 6 .0  m m )  and the se lec tion  fac to r 2 .03 (1 .9 4 -  
2 .12). T he s e le c t io n  range w as 12.7 m m  (1 0 .9 -
14.5 m m ). T h e  se lec tion  og ive  is  show n in bo ld  in  
Fig. 3 to g e th e r  w ith  the len g th  d is tribu tion  fo r a ll 
b row n sh rim p s th a t  en tered  th e  codend . T he se lection  
og ives fo r the in d iv id u a l hauls a re  a lso  show n in Fig. 3 
and  the L 50  a n d  S R  values in T ab le  3. M ost o f  th e  L 50 
values lied  w i th in  the 4 0 -5 0  m m  range. T he SR  values 
w ere  ra ther v a r ia b le  ranging  fro m  8.5 to 29  m m . F or 
m ost o f  the h a u l s  the se lec tiv ity  d a ta  w ere o verd is­
persed . I n s p e c tio n  o f  the re s idua ls , how ever, d id  not 
show  a s tru c tu re  so that the m o d e l cou ld  be  accep ted . 
T h e  o v e rd isp e rs io n  could  be  cau sed  by the ra th e r h igh 
sam pling  f a c to r s  used (F ryer, 1991). F or fish, no  cod- 
end se lec tiv ity  c o u ld  be ca lcu la ted  s ince  a lm ost no  fish 
w ere  found in  t h e  cod-end cover.

3.3. Sorting  g r i d  selectiv ity

D uring  the f i r s t  research  vesse l trip  it w as fo und  tha t 
th e  barsp ac in g  o f  12 m m  w as too  sm all. A lm ost 50%  
o f  the b row n sh r im p s  escaped  th rough  the ou tle t. It 
w as therefo re  d e c id e d  to increase  the barsp ac in g  to 
14 m m .

T h e  b a r s p a c in g  increase im proved  the g rid  se lec­
tiv ity  for b ro w n  shrim p during  th e  second  research

Tabic  2
L og o f  the  experim ental hauls

Vessel N um ber o f  hauls H aul duration  range  (h) R igging a n d  action

B elgica 5 0 :28 -0 :55 R igging g r i d  and prelim inary  g rid  se le c th ity  test
B elg ica 24 1 :00-1 :40 C od-end a n d  g rid  selectiv ity  —  cod-end and o u tle t covers
Z.582 10 0 :45 -1 :13 G rid s e le c t iv i ty  —  catch  com parison
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Fig. 3. T he  estim ated  overall selectiv ity  ogive (bold  line) toge the r w ith the  24  selection  ogives (dashed  lines) o f  the  s ing le  hauls and the length 
frequency  d istribution o f  C rangon crangon  o f the  cod-end 4- cod -end  cover catch  (bold  dashed  line).

vesse l trip . T h e  p e rcen tag e  lo s t d e c rea sed  to  14%. 
T h e  red u c tio n  in c a tc h  o f  u n d e rs ized  b row n  sh rim ps 
(< 45  m m ) w as so m ew h a t h ig h e r  (1 7 % ) co m p ared  to 
the red u c tio n  o f  co m m erc ia lly  s ized  sh rim p s (13% ), 
th o u g h  a p a ired  r- te s t d id  n o t sh o w  a sign ifican t 
d iffe ren ce  (p  >  0 .0 5 ). In  F ig . 4 , th e  av erag e  loss 
o f  b ro w n  sh rim ps, o v e r a ll h a u ls , is g iv en  in  re la tio n  
to  th e  bo d y  len g th  w ith  th e  95%  con fid en ce  lim its as 
e rro r  bars . T h e  d a ta  p o in ts  g ive  th e  p e rcen tag e  o f  
an im a ls  th a t do  n o t p a ss  th ro u g h  th e  g rid  spac ings 
and  e scap e  th ro u g h  th e  o u tle t in  fro n t o f  the  grid . 
T h e re  is a c lea r len g th  d e p e n d e n c e  in  th e  re la tiv e  
am o u n ts  o f  b ro w n  sh rim p s e sc a p in g  th ro u g h  the 
ou tle t. In the  m id -ran g e  o f  th e  le n g th  c la sses  (3 5 -  
65 m m ) a b o u t 15%  o f  th e  an im a ls  escape . A bove 
65 m m , th e  lo sses in c rea sed  to  a lm o s t 40% . B elow  
35 m m  th e  lo sses w ere  ev en  h ig h e r  and  in c rea sed  to 
o v e r 90% .

T h e  overall ca tch  red u c tio n  in  num bers o f  com m er­
c ia l fish species due  to  th e  g rid  w as 75% . T he grid  
se lec tion  ogives and th e  len g th  freq u en cy  d is tribu tions

(total n u m b er in  th e  ca tch ) fo r dab , p laice, sole, 
w h iting  and cod  c a u g h t during  th e  second  research 
vessel trip  are  show n  in Fig. 5 A -E . T he selection  
og ive  g ives the p e rcen tag e  o f  fish th a t do  not go 
th rough  th e  grid  and  e scap e  th rough  th e  outlet. T he 
m in im um  landing  s iz e  (M L S ) is g iven as a dashed 
vertical line, excep t fo r  dab  fo r w h ich  there  is no M LS. 
T he L 50  and  SR v a lu es  are  g iven in  T able 4.

D u rin g  th e  trips o n  th e  com m erc ia l vessel, five 
hauls had  to  be d isca rd ed  due to c logg ing  o f  the grid  
w ith  starfish  and /o r d eb ris , p reven ting  norm al passage 
o f  th e  b row n sh rim ps. T h is resu lted  in  a  loss o f  the 
co m m erc ia l catch  th a t ranged  b e tw een  39 and 90%  
(T able 3).

F o r th e  five su ccessfu l hau ls the reduc tion  in the 
com m erc ia l brow n sh rim p  catch  w as betw een  0 and 
2 6%  w ith  an average o f  15%  (Table 3). T he average 
loss o f  unders ized  sh rim ps w as 45%  bu t the variability  
w as very  h igh . In  F ig . 6 , the average  loss o f  brow n 
sh rim ps, o v e r the five h au ls  is g iven  in re la tion  to the 
body  len g th  w ith th e  95%  confidence lim its as error
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Table  3
C od-end  selection  param eters  and 95%  confidence lim its  (betw een  brackets) for brown s h r im p  and  percen tage  o f  shrim ps lost due to  grid  
selection

H aul num ber C od-end L50 (m m ) C od-end  SR  (m m ) P e rc e n ta g e  lost

<45 m m  T L  > 4 5  m m  T L  A ll shrim ps

97/08-01 45 .9  (45.1—46.8) 8 .5 (7 .1 -9 .9 ) 1 4 2

97/08-02 4 3 .4  (42 .7 -44 .1 ) 9 .2  (7 .7 -1 0 .8 ) 14 18 16
97/08-03 52 .4  (50 .9 -53 .8 ) 9 .3 (7 .5 -1 1 .1 ) 1 4 3
97/08-04 35.8 (32 .2 -39 .4 ) 20.7 (15 .1 -2 6 .2 ) 16 13 14
97/08-05 39.9 (37 .9 -42 .0 ) 12.7 (9 .8 -1 5 .6 ) 19 14 15
97/08-06 39.4 (35.9^42.9) 25 .2  (16 .8 -3 3 .7 ) 15 12 13
97/08-07 34.2 (32 .2 -36 .2 ) 11.7 (9 .6 -1 3 .9 ) 15 16 16
97/08-08 41 .0  (39 .1 -43 .0 ) 19.7 (14 .8 -2 4 .6 ) 15 9 11

97/08-09 43 .6  (42 .7 -44 .5 ) 9 .5 (7 .6 -1 1 .4 ) 25 17 21

97/08-10 56.6 (52 .4 -60 .8 ) 25.1 (15 .2 -3 5 .1 ) 5 3 3
97/08-11 4 4 .4  (43 .6 -45 .2 ) 9.4 (7 .9 -1 0 .9 ) 1 9 3
97/08-12 41 .6  (40 .3 -42 .9 ) 12.7 (10 .1 -1 5 .2 ) 28 19 23
97/08-13 35.2 (30 .6 -39 .7 ) 20.5 (13 .5 -2 7 .6 ) 15 10 12

97/08-14 42.5 (41 .1 -44 .0 ) 15.1 (11 .6 -18 .5 ) 2 0 16 18
97/08-15 40 .3  (38 .8 -41 .9 ) 15 (1 1 .9 -1 8 ) 21 12 16
97/08-16 42 .4  (41 .5 -43 .2 ) 9  (7 .7 -1 0 .2 ) 9 18 14
97/08-17 47 .9  (46.9—48.8) 12.4 (1 0 .6 -1 4 .2 ) 4 6 5
97/08-18 42 .4  (3 .70 -81 .1 ) 8 .9 (-8 .8 -2 6 .6 ) 78 18 34
97/08-19 43 .7  (42 .5 -44 .8 ) 15.6 (1 2 .4 -1 8 .7 ) 13 13 13
97/08-20 47.1 (46 .1 -48 .1 ) 10 (8 .5 -11 .6 ) 8 8 8

97/08-21 57 .0  (53 .6 -60 .3 ) 29.1 (2 0 .6 -3 7 .7 ) 14 10 12

97/08-22 49 .4  (48 .6 -50 .1 ) 8 .8  (7 .6 -1 0 .1 ) 4 11 8

97/08-24 47.1 (46 .1 -48 .2 ) 12.3 (10 .2 -14 .5 ) 13 16 15
97/08-25 41.8 (40 .0 -43 .5 ) 18.2 (1 4 .4 -2 2 ) 54 36 43
97A-01 ( - ) ( - ) 58 8 37
97A -02 ( - ) ( - ) 33 13 26
97B -03 ( - ) ( - ) 21 - 9 5
97B -04 ( - ) ( - ) 62 2 2 47
97B -05 ( - ) ( - ) 80 39 67
97C -06 ( - ) ( - ) 58 26 38
97C -07 ( - ) (- ) 88 76 81
97C -08 (- ) (- ) 90 70 79
97C -09 (- ) (- ) 90 71 80
97C -10 (- ) ( - ) 93 8 6 90

Table  4
G rid  selec tion  param eters fo r fish

Species RV B elgica Z .5 8 2  —  com m erc ial vessel

G rid  L 50  (mm) G rid  SR  (m m ) G r id  L 50 (m m ) G rid  SR  (m m )

D ab 8 .6 11.5 - 9 . 4 24 .0
Plaice 9.4 9.7 9 .5 7.3
Sole 9.9 5.2 N A N A
W hiting - 0 .9 17.3 6 .7 10.5
Cod 14.2 15.2 N A N A
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Fig. 4. Percen tage  o f  C rangon crangon  escap ing  through the outle t w ith  the  95%  con fidence  lim its  ind icated  as erro r bars.

bars. A gain  there  is a  c lea r len g th  dependence  in the 
re la tive  am ounts o f  b row n  sh rim ps escap ing  th rough  
the ou tle t, a lthough  the  e rro r b a rs  ind ica te  a h igh 
variability . F o r leng th s >  48 m m , b e tw een  10 and 
20%  o f  the an im als escaped . F o r  leng ths <  48 m m , 
losses increased  w ith  d ecreas ing  leng th  w ith  a red u c ­
tion  around  90%  fo r th e  sm a lle st anim als.

T h e  overall ca tch  red u c tio n  in  n um bers  o f  com m er­
cial fish species due  to  the  g rid  w as 72% . Tn Fig. 7 A -E , 
th e  g rid  se lection  og ives and th e  leng th  d istribu tions 
(total num ber in the catch) in  th e  stan d a rd  (so lid  line) 
and experim en ta l (d ash ed  line) gea rs  fo r dab , p laice, 
sole and  w hiting  a re  g iven . T he L 5 0  and  SR  values are 
g iven  in  Table 4 . A  se lec tion  o g iv e  w as n o t p o ss ib le  to 
be ca lcu la ted  fo r so le  b ecau se  o f  th e  h igh  reduction  in 
ca tch  o f  the sm allest fish.

O verall, 12 b en th ic  an im al sp ec ie s  w ere caugh t 
(Fig. 8). T he average reduc tion  w as 65% . F o r m ost 
o f  th e  species, the so rting  g rid  w as  very  effec tive  in 
re leasing  the an im als and th e  red u c tio n  ran g ed  from  
abou t 5%  fo r L ip a r is  liparis  to  a lm o st 100%  for 
O phiura  spp.

4. Discussion

T he selec tiv ity  o f  th e  cod-end  fo r b row n shrim p in a 
n e t w ith  a so rting  g rid  seem s h ig h er com pared  w ith  a 
cod -end  in a net w ith o u t grid . P rev ious cod-end  
se lec tiv ity  exp e rim en ts  (Polet, 2000) w ith  a  com m er­
cial b row n shrim p b e a m  traw l, w ithou t grid , gave an 
L 50  o f  39 .4  m m  (3 7 .0 -4 1 .4  m m ) and a selection  
fac to r o f  1.82 (1 .7 1 -1 .9 1 ). B ased  o n  the ¿-value o f 
th e  d iffe rence  b e tw een  the  tw o m eans, this is signifi­
can tly  low er ip  <  0 .0 0 1 ) com pared  w ith  the present 
resu lts  (see S ection  3 .2 ). T his is p robab ly  due to the 
fac t th a t the cod-end  ca tc h  size in a  n e t w ith  a  grid  is 
sm alle r and the ca tch  co m position  m ore hom ogenous 
and  co n ta in s  less la rg e  b en th ic  an im als and debris that 
can  h in d e r shrim p escapes . In the lite ra tu re  the relation  
betw een  catch  size an d  se lec tiv ity  d iffers. E rickson  
e t al. (1996), F lodder and M ay (1964) and M adsen  and 
M o th -P ou lsen  (1994) fo und  a nega tive  correlation  
b e tw een  th e  selection  fac to r and th e  size  o f  the catch  
fo r roundfish . D ahm  (1991) and S u u ro n e n e t al. (1991) 
d id  n o t find a sign ifican t re la tionsh ip  betw een  catch
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19068
Pomatoschistus spp.
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Liparis liparis
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Agonus cataphractus

289
Myoxocephalus scorpius

Ciliata mustela

Ophiura spp.
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Asterias rubens
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Sepiola atlantica
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Ensis directus
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Liocarcinus holsatus
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Pagurus bernhardus
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P e r c e n t a g e  g o i n g  t h r o u g h  t h e  o u t l e t

F ig . 8 . T he  percen tage  reduction  o f the  d ifferent ben thos species in  the  catch  o f  th e  experim ental net.

size and L50 fo r he rrin g  in pe lag ic  traw ls. O ’N eill and 
K ynoch  (1996), on  th e  o ther hand , found  th a t L50 
increased  w ith  in creasin g  ca tch  size. In  a p revious 
B elg ian  experim en t (P olet, 2000) w ith  a b row n shrim p 
beam  traw l, how ever, it  w as found  th a t ca tch  size  and 
clogg ing  o f  the m eshes by  seaw eed  and hydro ids had a 
significant, negative ly  co rre la ted  effec t on the cod-end  
selectiv ity  o f  b row n sh rim p . C a tches in a net w ith  a 
grid  hav e  low er vo lum es and show  less c logg ing  o f  the 
cod -end  m eshes. C onsequently , th e  h igher selectiv ity  
param eters found  in th is study  a re  in line w ith  the 
p rev ious results.

D uring  the co d -en d  se lec tiv ity  tr ia ls  in 97/08 a lm ost 
no fish escaped  th ro u g h  the co d -en d  m eshes. In  a 
p rev ious study  (P o le t, 2000) th e  cod -end  L 75 for 
dab and  so le  w as 4 .8  and 8.7 cm , respective ly  and 
no p la ice  w ith  len g th  above 4  cm  escaped  from  the 
cod-end . T he dab , so le  and p la ice  caugh t du ring  this 
cru ise  w ere no t sm a lle r than  5, 7  and 5 cm , re sp ec ­
tively  and, there fo re , had very  little  opportun ity  to 
escape  th rough  th e  co d -en d  m eshes. C onsequen tly , the 
se lec tiv ity  og ives w ere  no t po ss ib le  to  be ca lcu la ted .

T h e  lo ss o f  the c o m m erc ia l b row n  sh rim p  catch  was 
e stim ated  to  be  13%  o n  th e  research  vessel. T his 
n u m b er shou ld  be  in te rp re ted  w ith  cau tion  since it 
is an average  o f  all n u m b ers  in  a poo led  range o f  length 
c lasses and  depends on  th e  catch  com position . T he 
losses o f  sh rim ps are  len g th -d ep en d en t and the am ount 
o f  sh rim ps la rger than  6 0  m m  in  the catches du ring  the 
sea  tr ia ls  in th is  ex p e rim en t w as relatively  low. C on­
sequently , i f  th e  re la tive  am o u n t o f  la rge  shrim ps in the 
ca tches w ou ld  be  h igher, th e  percen tage  com m ercial 
sh rim ps lo s t w ould  also  increase.

W ith  the conversion  fo rm u la  to  ca lcu la te  the car­
apace  w id th  o f  a b row n sh rim p  from  its T L  (R edant, 
1978), it w as found th a t th e  largest shrim ps in the 
ca tches in  th is experim en t had  carapace  w idths below
11.5 m m . T heo re tica lly  these  shrim ps should  be  able 
to  pass th ro u g h  the bar gaps o f  a g rid  w ith  a  12 m m  bar 
spacing . T h e  tests have show n, how ever, tha t th is was 
n o t th e  case. Even w ith  a  14 m m  b ar spacing, a 
sign ifican t am ount o f  th e  la rger sh rim ps escaped 
th rough  th e  outlet. P ro b ab ly  fo r som e o f  the anim als 
en co u n te rin g  the  grid w ith  the ir bod ies no t p ara lle l to
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th e  gaps, tim e is too  short to  ob tain  th e  rig h t o rien ta ­
tion  to  pass th rough  the gaps o r the ir p assage  is 
h indered  by  o ther m ateria l ly in g  against th e  grid. 
T he results on  th e  leng th  d ep en d en ce  (F igs. 4  and 
6) o f  sm all sh rim ps lost th rough  the ou tle t, how ever, 
seem  illogical since they should  pass th rough  the gaps 
m ore  easily  th an  th e  b igger ones. A  poss ib le  exp lana­
tion  could  be  tha t th e  sm allest an im als are taken  w ith 
th e  w aterflow  going  th rough  th e  o u tle t qu ite  easily  due 
to  the ir low  body  w eights. T h e  num bers o f  shrim ps 
caugh t in the  low est and h ighes t leng th  classes w ere 
ra ther low, how ever, and the confidence  lim its rather 
w ide, w hich resu lts  in less firm  conclusions on this 
m atter.

F ig. 5 A -E  dem onstra tes th a t th e  len g th  classes 
w ith in  the se lec tion  range o f  th e  so rting  grid  fo r fish 
lie  fa r  below  the M L S  fo r all spec ies observed . T he 
grid  g ives the opportun ity  to  th e  la rg e r fish (age  1 and 
higher) to  escape  th rough  the o u tle t and a lm ost all 
m arketab le  fish w ill be lost i f  no  second  large  m esh 
co d -end  is a ttached  over the ou tle t. A ge 0 fish, how ­
ever, still pass quite easily  th rough  th e  grid  bars (50%  
and  m ore) and are  caugh t in th e  cod-end . T h is  has 
consequences fo r the app licab ility  o f  the so rting  grid. 
I f  th e  unw anted  by-catch  o f  fish consists  m ain ly  o f  the 
la rger fish, the grid  can be usefu l. I f  m ain ly  sm all fish 
are caught, like  in nu rsery  areas , th e  e ffec tiveness o f 
th e  g rid  is sm aller.

W hen  com paring  the re su lts  o f  th e  research  vessel 
and  the com m ercia l vessel, th e  variab ility  in  the  data  is 
h ig h e r on the latter, due to th e  ra ther low  n um ber o f 
successfu l hauls. T h e  g rid  se lec tiv ity  resu lts  fo r brow n 
sh rim p  and  p la ice  w ere con firm ed  in  com m erc ia l 
cond itions (Figs. 4 , 5B, 6 and  7B ). F or dab , how ever, 
m ore sm all fish escaped  in th e  case  o f  the com m ercial 
vessel (Figs. 5A  and 7A ). A lthough  th e  opposite  seem s 
to be  true fo r w hiting , such a  com parison  is d ifficu lt to 
be  m ade  s ince  sm all fish w ere n o t p resen t in  the 
ca tches on th e  research  vesse l (F igs. 5D  and 7D ). 
T h e  resu lts fo r so le  w ere u n expec ted , since th e  sm al­
lest fish (<8 cm ) show ed a h ig h e r e scap e  ra te  th an  the 
m id  range o f  the length  classes. I t  is po ss ib le  tha t the 
sm a lle st fish w ere m ore easily  tak en  b y  the w aterflow  
th ro u g h  the outlet. It is, how ever, also po ss ib le  that 
due  to  the low er catch  vo lum e in  th e  cod -end  o f  the 
experim en ta l gear tha t the  se lec tiv ity  fo r sole 
im proved  w hen  com pared  to th e  stan d a rd  gear. T he 
se t-up  o f  th e  com para tive  fish ing experim en t, how ­

ever, does n o t  a llow  to  a ttribu te  th e  h igher escapes o f 
the sm all s o l e s  to  one or th e  o th e r  possib le  cause.

T h e  loss o f  m arketab le  b ro w n  sh rim p  recorded  
during  th is s tu d y  w as co m p arab le  w ith  the 12% loss 
found  by G ra h a m  (1997) w ith  a g rid  w ith  14 m m  bar 
spacing. W ie n b e c k  (1997) reco rd ed  a 15%  loss w ith  a 
g rid  w ith  20 m m  bar spacing. B o th  au thors a lso  found 
a leng th  d e p e n d e n c e  in the b ro w n  shrim p selec tiv ity  o f 
the g rid  w ith  h ig h e r  losses fo r th e  larger anim als. T he 
h igh  loss o f  t h e  sm allest b row n sh rim ps as reco rded  in 
the B elg ian  e x p e r im e n ts  w as, how ever, no t observed. 
D uring  e x p e r im e n ts  in the N o rw ay  sh rim p  fishery {P. 
borealis) w i th  a  Nordm (j)re g rid  w ith  19 m m  bar 
spacing, s h r im p  losses up to  5%  w ere reco rded  but 
no  length d e p e n d e n c e  w as ob serv ed  (Isaksen  e t al., 
1992).

G raham  ( 1 9 9 7 )  found L 50  va lues fo r the 14 m m  
g rid  fo r w h i t in g  and p la ice  o f  11.8, 10.4 cm , re sp ec ­
tively, w h ich  i s ,  in com parison  w ith  the p resen t study, 
qu ite  h igher f o r  w h iting  and co m p arab le  fo r p laice.

S tarfish  a n d  debris w ere an im p o rtan t p roblem  for 
the fu n c t io n in g  o f the grid. E spec ia lly  starfish had a 
tendency  to  s t i c k  their arm s b e tw een  the bars and  hold  
on. T h is r e d u c e s  the se lec tive  a rea  o f  th e  grid  and 
decreases th e  o p p o rtun ities  fo r b row n sh rim ps to  pass 
th rough  the b a r  spacing. A ny ob jec t, p lan t o r anim al 
th a t a c c u m u la te s  on the g rid  w ill have  such  an effect. 
Seaw eed , h y d ro id s , big je lly fish , starfish , p lastic  bags, 
p ieces o f  w o o d , etc., are  very com m on  th roughou t the 
year o r in  c e r ta in  seasons in th e  sou thern  N orth  Sea 
catches and a r e  likely to  cau se  loss o f  com m ercia l 
ca tch  in m a n y  hauls. T h erefo re , a  so rting  grid  as 
designed  in  th i s  experim en t, w ith  a sm all se lection  
a rea  and a te n d e n c y  to  accum ula te  part o f  the catch , 
w ill p ro b a b ly  b e  d ifficult to  b e  accep ted  in the com ­
m ercial f ish e ry .

5. Conclusions

If  th e  c a tc h  com position  in the b row n  sh rim p  fishery 
does no t c a u s e  clogging  p rob lem s the sorting  g rid  
m eets the p u rp o s e  it w as d esigned  for. T he reduction  
o f  age  1 an d  o ld e r  fish in the ca tc h  w as very  sa tisfac ­
tory. A ge 0 f i s h  w ere so rted  o u t as w ell, bu t to  a lesser 
exten t. M o s t b en th ic  an im als a re  se lec ted  out by the 
grid . T h e  c o m m e rc ia l b row n sh rim p  catch  is reduced  
bu t usually  n o t  m ore than  15% g e ts  lost. T he cod-end
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ca tch  consists  m ain ly  o f brow n sh rim ps and requires 
less so rting  and the cod-end  selec tiv ity  fo r b row n 
sh rim p  increases. In  th is case, the so rting  grid  seem s 
a v e ry  favou rab le  ch o ice  to  im prove th e  selectiv ity  o f 
the b ro w n  sh rim p  b eam  traw l.

If, how ever, m ate ria l occurs in the  ca tch  tha t can 
cause  c logg ing , the  com m ercia l b row n  shrim p catch  is 
soon b e low  th e  level accep tab le  to  com m ercial fish­
erm en. S tarfish  and  debris w ere th e  m ain  causes o f  
c lo g g in g  d u ring  th ese  experim ents. Seaw eeds, hydro- 
ids, je lly f ish  and o th e r debris, how ever, often occur in 
the b row n  sh rim p  catches in  the sou thern  N orth  S ea  
and can  be  expec ted  to  cause  the sam e problem s. In 
th is case  it  can  be  an tic ipa ted  tha t accep tance  by the 
fish ing industry  w ill be  difficult.

References

A non., 1996. R eport o f  the  w orking  g roup  on C rangon  fisheries and 
life  h istory. IC ES C .M . 1996/K:4.

A non., 1998. R eport o f  the  study group on  grid  (grate) sorting  sys­
tem s in  traw ls, beam  traw ls and seine nets. ICES C .M . 1998/B:2.

D ahm , E ., 1991. D oubtfu l im provem ent o f  the  selectiv ity  o f  herring  
m id w ate r traw ls by  m eans o f  square  m esh codends and 
constructional m odifications o f  d iam ond  m esh codends. ICES 
C .M . 1991/B:2.

E rickson, D .L ., P erez-C om as, J.A ., P ik itch , E .K ., W allace, J.R ., 
1996. E ffects  o f  ca tch  s ize  and codcnd  ty p e  on the  escapem ent 
o f  w alleye P o llock  (Theragra cha lcogram m a) from  pelagic 
traw ls. F ish. Res. 28, 179-196.

Fryer, R ., 1991. A m odel o f  betw een-hau l variation  in  selectivity. 
IC ES J. Mar. Sei. 48 , 2 8 1 -290 .

G raham , G .N ., 1997. R e d u c tio n  o f by-catch in the brow n shrim p, 
C rangon c ra n g o n , f ish e rie s  o f  the  W ash and H um ber Estuaries. 
Ph .D . T hesis. U n iv e rs ity  o f  L incolnshire  and H um berside.

H odder, V .M ., M ay, A .W ., 1964. T he effect o f catch  size on  the 
selec tiv ity  o f  o tte r  tra w ls . IC N A F Res. Bull. 1, 2 8 -3 5 .

Isaksen , B ., V a ldem arsen , J.W ., Larsen, R .B ., K arlsen, L ., 1992. 
R eduction  o f  fish  b y -c a tc h  in  shrim p traw l using  a rigid 
sep a ra to r grid  in th e  a f t belly. Fish. R es. 13, 3 3 5 -352 .

M adsen, N ., M o th -P o u lsen , T., 1994. M easurem ent o f  selectiv ity  o f 
N ephrops  and d e m e rsa l  roundfish species in  conventional and 
square  m esh p a n e l c o d en d s  in the northern  N orth  Sea. ICES 
C .M . 1994/B: 14.

O ’N eill, F.G., K ynoch, R .J ., 1996. T he effect o f  cover m esh size and 
cod-end catch  s iz e  o n  cod-end selectivity. Fish. Res. 28, 291— 
303.

Polet, H ., 1998. E x p e rim en ts  w ith sorting  g rids in  the B elgian 
brow n shrim p (C ra n g o n  crangon) fishery. ICES Fish. Technol. 
F ish. B ehav. W ork. G ro u p  M eeting, L a  C oruña, Spain, April 
1998.

P o let, H ., 2000. C o d -en d  a n d  w hole  traw l selectiv ity  o f  a  shrim p 
beam  traw l used  in  th e  N o rth  Sea. F ish. R es. 48 , 167-183.

P o let, H ., R edant, F., 1999 . Effect o f  population  structu re , sam p­
ling  stra tegy  and s am p le  s ize  on the estim ates o f se lection  para­
m eters fo r  sh rim p (C rangon  crangon) traw ls. Fish. Res. 40, 
2 1 3 -2 2 5 .

R edan t, F., 1978. K o n su m p tie  en produk tie  van post-larvale 
C rangon crangon  (L .) (C rustacea, D ecapoda) in de B elgische 
k ustw ateren . Ph.D . T h e s is . F ree  U niversity  o f  B russels.

S uuronen, P., M illar, R .B ., Jarv ik , A ., 1991. S e lectiv ity  o f d iam ond 
and hexagonal m esh  codends in pe lag ic  herring  traw ls: 
ev idence  o f  catch  s ize  effect. Finn. Fish. R es. 12, 143-156.

W ienbeck, H ., 1997. F irst tr ia ls  on the selection  o f  a sorting  g rid  in 
th e  com m erc ial fishery  fo r brown shrim ps. IC ES C .M . 1997/ 
FF:8.

W ilem an , D .A ., Ferro , R .S .T ., Fonteyne, R ., M illar, R.B. (Eds.), 
1996. M anual o f m e th o d s  o f  m easuring  the  selectiv ity  o f  tow ed 
fish ing  gears. IC ES C ooperative  R esearch  R eport, N o. 215.




