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A b s t r a c t

In preparation o f  a by-catch reduction  program  for the Belgian brow n shrim p fishery, a study was carried out on the codenc 
and w hole traw l selectivity o f the beam  traw l w idely used in this fishery. T he codend  cover technique w as used to determine 
the codend selectivity, w hereas the w hole traw l selectivity was estim ated  using sm all m esh pockets attached to severa 
positions on the body of the net. C odend selectivity fo r shrim p proved to be very variab le  and was significantly influenced by 
clogging of the m eshes, catch volum e and state o f the sea. T he L 50 fo r shrim p, fo r all hauls com bined, was 39.4 m m  and the 
selection factor 1.82 fo r a m esh size o f 21.7 m m . The selection range was 11.6 m m . T he selectivity o f the net body was quite 
im portant and allow ed m ore shrim ps to escape than the codend did. It was m ainly the rounded lateral part o f the  bell}’ tha- 
contributed to this selectivity . D ue to the small m esh size, the codend selectivity fo r flatfish was very poor. The selectivity oí 
the net body for flatfish was negligible. 2000 E lsevier Science B.V. All rights reserved.

Keyw ords: C odend  selectiv ity ; W ho le  traw l selectiv ity ; Crangon crangon

1. Introduction

In  th e  N orth  S ea  brow n sh rim ps (C rangon crangon) 
a re  caugh t in th e  coasta l zone  and estuaries by sm all 
beam  traw lers w ith  a m ax im um  eng ine  pow er o f 
221 kW  (300  hp). E ach vesse l tow s tw o beam  traw ls 
w ith  a legal m in im um  codend  m esh opening  o f 
20  m m . T h e  sh rim p  beam  traw l fishery ea rn ed  out 
on  the B elg ian  and D utch  coast ta rgets b row n  shrim ps 
b u t has an  im p o rtan t b y -ca tch  o f  several flat- and 
roundfish  species. B esides brow n  shrim p, w hich is 
the  m ain ta rg e t species, the land ings o f  th e  shrim p 
traw ler fleet co n sis t o f  several round- and  flatfish 
species lik e  co d  (G adus m orhua ), w h iting  (M erlan ­
g iu s  m erlangus), dab (L im a n d a  lim anda), p laice
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(.P leuronec tes p la te ssa ) , flounder (.P la tich tys flesus) 
and  so le  (Solea  so lea ).

D ue to the sm all m esh  size , necessary  to catch  the 
sh rim ps, the ca tches con ta in  h igh am oun ts of 
unw an ted  by-catch . B esides large  quantities o f  under­
s ized  shrim ps (over 2/3 in num bers o f  the sh rim p  catch 
—  d a ta  from  d iscard  sam pling  program  1996-1997), 
h ig h  am ounts o f  ju v en ile  com m erc ia l fish (m ainly 
w h iting , p laice, dab  and sole) (van M arlen  et al., 
unpub lished  report, 1998), non -com m ercia l fish and 
a  w ide  variety  o f b en th ic  species (m ostly  crustaceans, 
ech inoderm s and m o llu scs) (P olet, 1998) end  up in the 
ca tch . A fte r so rting  th e  ca tch  on  board  o f  the vessel 
w ith  a  ro tating  sh rim p  ridd le  th e  unders ized  fishes and 
sh rim ps and the n o n -co m m erc ia l an im als are dis­
carded .

In 1995, a research  p rog ram  aim ing  at a reduction  of 
th e  by-catches in  th e  brow n  sh rim p  fishery w as started
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a t th e  B elg ian  S ea  F isheries D epartm en t. O ne o f  the 
p rep ara to ry  phases o f  th is program  w as th e  study  o f 
th e  se lec tiv e  p roperties o f  the shrim p beam  traw l, the 
re su lts  o f  w h ich  are  presen ted  in th is paper.

In  g enera l, se lec tiv ity  studies co n cen tra te  on the 
codend . O bservations m ade  by d ivers and tow ed 
u n d erw a te r vehicles show  that la rge  am oun ts o f  fish 
e scap e  from  the codend  and fo r m ost species th is is 
w here  th e  m ain  m esh se lec tion  is th ough t to occur 
(W ilem an  e t al., 1996). H illis and E arley  (1982), 
how ever, dem onstra ted  th a t the se lec tiv ity  o f  th e  net 
can  be  fa r  m ore im portan t than codend  selectiv ity  
w hen  they  found that over 40%  o f  N ephrops  en tering  
a typ ica l Irish  p raw n o tte r traw l escaped  th rough  the 
ne t m eshes, com pared  to  only  10% th rough  th e  codend  
m eshes. A  study by T horste insson  (1981) show ed th a t 
m any sm all shrim ps (P andalus borea lis) escaped  
th ro u g h  the  sidepanels o f  the net. E x p erim en ts  carried  
ou t by  B ohl (1963) com paring  tw o  nets w ith  iden tical 
codends b u t w ith  d ifferen t m esh sizes in th e  n e t also 
d em onstra ted  th a t som e part o f the sh rim ps (C. cran ­
gon) e scap ed  th rough  th e  net m eshes. T herefo re , it 
w as dec id ed  to  study the w ho le  traw l se lec tiv ity  o f  the 
sh rim p  beam  traw l and n o t only  the  codend  selectiv ity . 
To co m p le te  the p ic tu re , the se lec tiv ity  o f  the  ground  
rope  w as also included  in  the study.

T h e  selec tiv ity  experim en ts w ere ca rried  ou t du ring  
six  sea  tr ip s  in  M ay and N ovem ber 1995, M arch  and 
N o v em b er 1996 and D ecem ber 1997.

2. Materials and methods

2.1. The fish in g  area , the vessel a n d  the traw l

T h e sea  trials w ere carried  ou t on  board  o f  the 
research  vesse l ‘B e lg ica ’ hav ing  an overa ll len g th  o f  
50 .9  m , a G R T o f  765 t and an en g in e  pow er o f  
1154 kW . S ince  a large team  w as necessary  to  hand le  
the  gear, em pty  the codends and p ocke ts  and  m easure  
the  h igh  am oun t o f  ca tch  frac tions fo r each  hau l, it w as 
no t feas ib le  to  u se  a  com m ercia l vesse l fo r th e  sea  
tria ls. A  com m erc ia l sk ipper, how ever, w as h ired  to 
se lec t the  fish tracks and to  gu ide  th e  fish ing  o p e ra ­
tions in  o rd e r to  m ee t as c lose as p o ss ib le  com m erc ia l 
cond itions. T h e  sh rim p  fishing g rounds on the B elg ian  
and sou thern  D utch coast, located  in  IC E S  subd iv ision  
IV c, w ere fished during  th e  six sea  trip s. T he tow ing

speed  w as b e tw een  2 .5  an d  3 kno ts and  the  w arp  length 
w as three tim es th e  w a te r  depth.

T he gear s tu d ied  w a s  a com m erc ia l sh rim p  beam  
traw l (Fig. 1) w ith  a  b e a m  len g th  o f  8 m  and a  vertical 
n e t opening o f  0.5 m . T h e  leng th  o f  the head lin e  and 
the ground  rope  w a s  7 .8  and 9.8 m , respectively . The 
bobb in  rope  c o n s is te d  o f  ru b b er bobb in s w ith  a d ia­
m eter o f  21 cm  r ig g e d  o n  steel axes w ith  a d iam ete r o f 
20  m m . T he net w a s  m ad e  o f  k n o tted  po lyam ide 
netting  w ith  n o m in a l m e sh  sizes o f  28 m m  in th e  front 
part decreasing  to 2 2  m m  in th e  a ft part. T h e  codend 
w as m ade o f  k n o tte d  p o ly am id e  n e ttin g  w ith  a n o m ­
inal m esh s ize  o f  2 2  m m  and p ro tec ted  by  a po lyam ide 
lifting  bag w ith  a  n o m in a l m esh  size  o f  80 m m . A  net 
p lan  is g iven in  F ig . 2.

D uring  each  h a u l th e  fo llow ing  variab les w ere 
recorded: haul d u ra tio n , speed  th rough  the w ater, state 
o f  the sea, to tal c a tc h  vo lu m e , c lo g g in g  o f  th e  codend 
m eshes, w ater te m p e ra tu re  and ligh t cond itions. T he 
sta te  o f  th e  sea w as ex p re ssed  as th e  standard  dev iation  
o f  th e  w ave he ig h ts  reco rd ed  each  second  by  th e  heave 
com pensato r on  th e  v e sse l’s echo  sounder. T h e  c lo g ­
g ing  o f  the c o d en d  m esh es  w as a sub jec tive  m easure 
o f  the am oun ts o f  seaw eed  and hydro ids th a t w ere 
stuck  on the m esh b a rs , thus decreasing  the open ing  o f 
the m eshes. T h is w a s  a n um ber betw een  0 (fu lly  open 
m eshes) and 10 (fu lly  c logged  m eshes), alw ays 
reco rded  by the s a m e  person.

2.2. The co d en d  a n d  the n e t covers

T h e  codend  se lec tiv ity  w as de te rm ined  w ith  the 
covered  codend  tech n iq u e . T h e  cover was constructed  
o f  knotted  p o ly a m id e  ne tting  w ith  a nom inal m esh 
s ize  o f  11 m m  an d  w as 800 m eshes on th e  c ircum ­
ference and had  a  su ffic ien t leng th  to  leave  an open 
space  beh ind  the a f t end  o f  the codend  o f  1.5 m. T he 
cover w as held  o p en  by a h a lf  hoop  over th e  top  panel 
o f  the codend  an d  had a d iam e te r o f  1.5 m. T he 
application  o f  fu ll hoops w as n o t feas ib le  due  to 
frequen t dam age  cau sed  by the c lo se  bo ttom  contac t 
o f  beam  traw ls.

To study  th e  w h o le  traw l selectiv ity , th e  n e t was 
subdiv ided  in to  d iffe ren t sec tions (Fig. 3) to  be 
sam pled  fo r e scap in g  shrim ps and fishes. L o n g itud in ­
ally  as w ell as vertica lly , th e  n e t w as subd iv ided  into 
fo u r sections. E ach  sec tion  w as nam ed  w ith  a  letter, A , 
B , C  o r D , in d ica tin g  the vertica l position  and a
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Fig. 1. A com m ercial sh rim p beam  trawl.

beam

cod-end
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num ber, 1, 2 , 3 o r  4 , ind ica ting  the longitud inal 
position  (Fig. 3). T h e  v ertica l subdiv ision  w as based 
upon  th e  shape  o f  th e  ne ttin g  observed  during  earlie r 
flum e tan k  trials. T he top  panel as w ell as the belly  o f  
th e  net w as thus d iv ided in flat (A  and  D ) and rounded 
(B and C ) p ieces o f  ne tting . F or the long itud inal 
subd iv ision , th e  first sec tion  w as loca ted  in the area 
o f  th e  bobb in  rope. T he net beh in d  the bobbin  rope 
w as d iv ided  in to  th ree  parts, b ased  o n  the d ifferen t 
m esh  sizes.

E ach  o f  the 16 sec tions w as p rov ided  w ith  a  sm all 
m esh  pocke t to co llec t th e  escapees. T h e  m ateria l and 
m esh  size  o f th e  p ocke ts  w ere  the sam e as in  the 
codend  cover. T h e  size o f  th e  p ocke ts  w as k ep t sm all 
in o rd e r to  keep th e  change in th e  w aterflow  through 
th e  n e t m eshes as sm all as possib le . E ach  pocket 
covered  a rec tan g u la r a rea  o f  the  net. T h e  opening 
o f  the  p ocke ts  m easu red  120 by 69 pocke t m eshes or 
75 by  69  p o ck e t m eshes d ep end ing  on w hether they

covered  th e  flat n e t sec tions (A  and D) or th e  rounded 
n e t sec tions (B and  C ), the la tte r  be ing  too narrow  to 
ho ld  a  w ide  pocket. T h e  n u m b er o f  net m eshes covered 
by  th e  open ing  o f  th e  p ocke ts  ranged  from  1100 to 
2800  depend ing  on  th e  size o f  th e  pocket and  the mesh 
size  in  th e  net. T h e  to ta l n um ber o f  m eshes in  a section 
d iv ided  by  the n u m b er o f  net m eshes covered  by a 
pocket, rigged  to th a t section , w as the ra ising  factor 
used  to  estim ate  the  escapes fro m  the w ho le  section 
from  the pocke t ca tch . T he pockets w ere rigged w ith 
sm all floats or w eigh ts , w here  necessary , in  o rder to 
keep th e  m asking  o f  the n e t m eshes as sm all as 
possib le.

Ju s t beh in d  the g round  rope, underneath  the belly  of 
the net, tw o sm all m esh  nets w ere  rigged  to  catch  the 
an im als escap ing  u n dernea th  th e  ground rope. Each 
net covered  1 m o f  th e  path  o f  th e  trawl.

T he n e t, the co v er and the pockets w ere observed 
w ith  an  underw ater cam era . T h e  netting  o f  the cover
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A:  ©

@
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A ,B ,C ,D ,E : v e r t i c a l  s u b d iv i s io n

1 , 2 , 3, 4: lo n g i tu d in a l  s u b d iv i s io n

Fig. 3. The subd iv ision  o f the n e t in to  the  sections that w ere 
sam pled  with sm all m esh  pockets.

and  the pockets w as seen  to  be  w ell aw ay from  the net 
m eshes during  th e  fishing operation .

D ue to th e  sm all size o f th e  m eshes, th e  ICES m esh 
g auge could  no t be  used to m easu re  the opening o f  the 
m eshes. A lternatively , a ca llip e r w as used , stre tch ing  
th e  m eshes w ith  a w eigh t o f  2  kg. T he w eight o f  2 kg 
w as chosen  acco rd ing  to th e  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 w ere  m easured  at 
several occasions during  th e  sea  trip s in  series o f  25 
m eshes p e r panel. T he average and standard  dev ia ­
tions fo r the d iffe ren t net pane ls  and covers are given 
o n  the net p lan  (F ig . 2).

2.3. D ata  co llec tio n  an d  ana lysis

T he species investiga ted  w ere  b row n shrim p, p laice, 
so le  and dab.

A fter each  h au l the codend  ca tch  w as processed  
th rough  a ro ta tin g  sh rim p  ridd le  to  separate  the 
sh rim ps from  th e  large  by-catch  fraction  and nex t to 
separa te  th e  sh rim ps in to  co m m erc ia l and non-com ­
m ercia l sizes. A fte r so rting , th e  ca tch  w as thus sub­
d iv ided  into th ree  ca tch  fractions:

© T he large  b y -ca tch  frac tion  co n ta in in g  the larger 
fishes, crabs, starfish , deb ris , etc.

© T he com m erc ia l sh rim p  frac tio n  con ta in ing  a lso  0- 
and  1-group  fla tfish  to g e th e r w ith  occasional ju v e ­
nile roundfish .

© T he non -com m erc ia l sh rim p  frac tio n  a lso  w ith  the 
sm allest 0- and  1-group  fla tfish .

T he vo lum es o f  each  ca tch  frac tio n  w ere recorded. 
A s a ru le all fish in each  catch  frac tio n  w ere m easured ,

im m ed ia te ly  a f te r  the haul. T he fish w ere m easured  t 
the  cm  b e lo w  fro m  the tip o f  the nose to  the  tip  o f th 
stre tch ed  ta il fin . A sam ple  o f  1.5 1 o f  sh rim ps wei 
taken  from  th e  com m ercia l and from  the non-con  
m erc ia l sh r im p  frac tion  fo r la ter analysis in  the lal 
T here  th e  to ta l len g th  o f  the shrim ps w as m easured  t 
the  m m  b e lo w  from  the tip o f  the scaphocerite  to th 
d is ta l m arg in  o f  the fans on the stre tched  uropod: 
F o llow ing  th e  re su lts  o f  a  theo re tica l study  on th 
e ffec t o f  sam p le  sizes on  th e  estim ation  o f  selectio  
param eters  f o r  sh rim p  traw l codends (Polet an 
R edan t, 1999) it  w as decided  to m easure at lea; 
250  sh rim ps p e r  catch  fraction .

T he fish a n d  the sh rim ps from  th e  codend  cove 
w ere m an u a lly  sorted . A gain  all fish w ere m easure 
and  a  sam p le  o f  1.5 1 o f  shrim ps w ere taken  to b 
m easu red  in th e  lab. T he catches in th e  sm all mes 
pocke ts  w ere co llec ted  in num bered  buckets. A ll fis 
as w ell as a ll sh rim ps w ere m easu red  im m ediatel 
a fte r th e  hau l on  board  o f  the vessel.

T h e  co d en d  se lec tiv ity  w as investigated  fo r the fou 
species m easu red . B ased  on the dev iance  residuals fc 
se lec tion  cu rv es , th e  log istic  function  w as chosen t  
d escrib e  the se lec tiv ity  fo r each species and fitted th 
data  very  w ell. T h is  function  is the cum ulative  dis 
tr ibu tion  fu nc tion  o f  a  log istic  random  variab le  and i 
specified  by th e  fo llow ing  equation:

R R (T L ) =
exp  (a  +  ¿>TL)

1 +  exp(a-M ?TL) ’

w here  R R (T L ) is th e  p robab ility  tha t an anim al o 
leng th  T L  is re ta in ed  in the codend . a  and b, w hich an 
the tw o  param eters  to  be  estim ated , represen t th  
in te rcep t and th e  slope, respectively , a fter a logisti« 
transfo rm ation . T h ese  param eters w ere estim ated  wit) 
the m ax im um  lik e lih o o d  m ethod  by th e  CC softw an 
(C onsta t, D enm ark). L 25 , L 50  and L 75 are the bod; 
leng th s a t w hich 25 , 50  and 75%  o f  th e  shrim ps an 
re ta in ed  in  the codend . S F  is the se lec tion  fac to r and i 
the L 50  d iv ided by  th e  m esh  size. SR  the selectioi 
ran g e  and  is equal to th e  d ifference b e tw een  L75 am 
L 25 and  gives an  idea  abou t the slo p e  o f  the curve 
S ing le  hau ls w ere co m bined  by the variance com po 
nent analysis m ethod  o f  F ryer (1991) by  the CC 
so ftw are. 95%  con fid en ce  lim its o f  the selection  p ara  
m eters a re  given in  b rackets in the tex t as w ell as in the 
tab les.
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A  data  exp lo ra tion  o f  th e  selectiv ity  param eters  w as 
co n d u cted  to  get an idea o f  the variab ility  and co rre la ­
tions w ith  the covariates. A  linear reg ression  w as 
carried  o u t to  obtain  an estim ate  o f  the level o f  
associa tion  betw een  L 50 and SR. A m u ltip le  linear 
reg ression  w as then carried  ou t to m odel th e  L 50 and 
SR  w ith  hau l duration , speed  th rough  the  w ater, state 
o f  the sea , to tal catch  volum e, c logg ing  o f  the m eshes, 
w ater tem pera tu re  and ligh t cond itions as possib le  
ex p lan a to ry  variables.

In  o rd er to  determ ine th e  w ho le  traw l se lec tiv ity  the 
num bers o f  shrim ps and fish escap ing  from  the  d if­
fe ren t ne t sec tions and underneath  th e  g round  rope 
w ere  ca lcu la ted  fo r each  length c lass observed .

3. Results

3.1. F ish ing  conditions

A  log o f  the sea tria ls  is g iven in  T ab le  1. F or 
sh rim p , 63 successfu l hauls w ere conduc ted , o f  w h ich  
59 had a  co d en d  cover to  de term ine  codend  selectiv ity . 
F o r 39  h au ls  the ca tches o f  the p ocke ts  w ere m easu red

and these w ere v a l i d  fo r th e  w ho le  traw l selectiv ity  
calcu lations. S h r im p s  w ith  leng th s w ith in  th e  SR  w ere 
caugh t in su ffic ien t n u m b ers  in each  hau l to ca lcu la te  
codend  se lec tiv ity . S h rim p s  be low  35 m m  w ere caught 
in low  num bers r e la t iv e  to th e  to ta l catch. In  abso lu te  
num bers, h ow ever, in  m ost h au ls  th ere  w ere sufficient 
shrim ps to  c a lc u la te  re liab le  re ten tion  po in ts in  the 
low er length ra n g e  a s  w ell. In the upper leng th  range 
num bers w ere a lw a y s  h igh . T h e  len g th -freq u en cy  
distribu tion  o f  a ll  sh rim p s used  to  ca lcu la te  codend 
selectiv ity  and w h o le  traw l se lec tiv ity  are g i \e n  in 
Figs. 4 and 5, re sp ec tiv e ly .

A  to tal o f  23 h a u ls  w ere ca rried  ou t to  d e te rm in e  the 
codend  se lec tiv ity  fo r  fish (T able 1). D ab and  p laice 
occurred  in  all 2 3  h a u ls  b u t so le  w as only  fo und  in  8 
hauls. W hiting  a n d  cod  w ere  no t caugh t in  sufficient 
num bers to carry  o u t  any se lec tiv ity  ca lcu la tions. T he 
leng th  d is tr ib u tio n s  o f  dab , p la ice  and so le  in  the 
codend  and c o d e n d  covers a re  g iven  in F igs. 6 -8 , 
respectively. F o r d ab , 8 h au ls  con ta ined  sufficient 
num bers o f  fish in  the  codend  and cover to  com pute 
sing le  hau l se lec tiv ity . T he o th e r 15 hauls w ere  pooled  
to  determ ine  o n e  c o m b in ed  og ive . F or none  o f  the 
hau ls, how ever, w e re  the num bers o f  fish in th e  codend

50000

37500

25000

12500

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

L en g th  c la s s  (m m  TL)

Fig. 4. T he  estim ated  cnerall selectiv ity  og ive  (in  bold) to g e th e r w ith  th e  59 selection ogives o f  th e  single hauls and the  length d istribu tion  o f 
the  co d en d + co d en d  cover catch.
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Fig. 5. T he  length  distribution  o f  all sh rim ps in  the  trawl path o f  the  39  hau ls  used  in  th e  w hole traw l selectiv ity  calculations.

cover suffic ien tly  h ig h  to  estab lish  re liab le  confidence 
lim its. N o p la ice  w ere  fo u n d  in the codend  cover. For 
so le  7 hau ls w ere  used fo r se lec tiv ity  ca lcu la tions o f 
w h ich  one con ta in ed  n o t enough  fish in  the  cover to 
ca lcu la te  confidence  lim its.

F or 39 hau ls , th e  sm all m esh pockets on the net were 
analy sed  fo r th e  p resence  o f  fish in o rder to  de term ine  the 
w ho le  traw l se lec tiv ity  (T able 1 ). F ish  escap ing  through 
th e  m eshes o f  th e  net body, how ever, w ere very rarely 
observed  and n eg lig ib le  com pared  to the to tal catch.
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Fig . 6. T he estim ated  selectiv ity  og ives fo r dab  together w ith the length  d istribu tion  o f  th e  co d en d + co d en d  cover catch  (the overall selectivity  
ogive is d raw n  bold).
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Fig. 7. T h e  leng th  d istribu tion  o f  the  cod en d + co d en d  cover c a t c h  fo r p laice.

3.2. Codend. selectiv ity

T h e  L 50 fo r sh rim p  fo r all hau ls com b ined  w as 
39 .4  m m  (3 7 .0 -4 1 .4 ) and the SF  1.82 (1 .7 1 -1 .9 1 ). T he 
S R  w as 11.6 m m  (10.2—13.0). T h e  se lec tion  og iv e  is

show n in bold  in  F ig . 4. T h e  se lec tion  og ives fo r the 
ind iv idual hau ls a r e  show n in d o tted  lines in Fig. 4  and 
the L 5 0 ’s and S R ’s are g iven  in  T able 1. M ost o f  the 
L 5 0 ’s lay  w ith in  th e  3 5 -4 5  m m  range. N ine  hauls had  
an  ex trem ely  lo w  L 50 , i.e. below  30 m m . M ost o f  the

200
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I  100
3
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50%

25%

0%
8 10 122 4 6 140

omTO
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L e n g th  c la s s  (cm  TL)

Fig . 8. T he  estim ated  selectiv ity  ogives fo r  so le  toge ther w ith  th e  length d istribu tion  o f  th e  c o d en d + co d e n d  cover catch  (the  overall selectivity  
og ive  is draw n bold).
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Fig. 9. Scatterp lo t and linear regression  o f  L 50 v e rsu s  SR.

S R ’s lay  w ith in  the 5 -1 5  m m  range. E igh t hauls had  an 
ex trem ely  h igh  SR , i.e. above 20  m m . S ix  o f  these 
h au ls  also had  a very  low  L 50  w hich  po in ted  at a 
poss ib le  h igh  associa tion  betw een  L 50 and SR. T he 
co rre la tion  coeffic ien t ( R = - 0.79) w as h ighly  sign ifi­
can t (yxO.OOl) an¿  deno ted  a  negative association  
be tw een  L 50  and  SR. T he lin ea r reg ression  betw een  
L 50 and SR  show n in Fig. 9 ind ica ted  a slope  s ig ­
n ifican tly  d ifferen t from  0 (pcO.OOl), also w ithout the 
ou tlie r (0 .8 , 41 .8 ) and an R7dj =  0 .63 . In spection  o f  
Fig. 9 , how ever, show ed a q u ite  s trong  sca tter around 
th e  reg ression  line and a lim ited  n um ber o f  observa­
tions in  the low er L 50  ran g e  w hich  w eakened the 
co n c lu s io n  o f  a c lea r re la tionsh ip .

T he co rre la tio n  coeffic ien ts o f  L 50  and SR  w ith  
the covaria tes a re  g iven in  T able 2. L igh t w as

Table  2
T h e  correlation  coeffic ien ts  o f L 50 and SR  w ith  the possib le  
explanatory  variables

L 50 p-level SR p-leve l

H aul duration 0.41a 0.001 - 0 .3 1 a 0.016
Speed  th rough  the  w ater 0 .32a 0.013 - 0 .3 8 a 0.003

S ta te  o f th e  sea 0 .47a 0.000 - 0 .3 8 a 0.003
C atch  volum e - 0 .4 9 a 0.000 0.16 0.220
C logging  o f  the  m eshes - 0 .7 8 a 0.000 0.79 0.101
W ater tem perature - 0 .4 6 a 0.000 0 .34a 0.008
L igh t conditions 0.10 0.436 -0 .1 9 0.151

11 C orrela tion  coeffic ien ts  w ere  significant.

n e ith e r s ig n ifican tly  co rre la ted  w ith  L 50  no r w it 
SR . C a tch  v o lu m e  and clogg ing  w ere no t significant! 
co rre la ted  w ith  SR . All o ther covaria tes w ere asso 
c ia ted  w ith  L 5 0  o r  SR  at pcO .05 (T able 2). A  m ultipl 
reg ressio n  m o d e l w as ca lcu la ted  fo r the dependen 
variab le  L 50  an d  th e  sign ifican t covariates. T h 
reg ression  su m m ary  is g iven in  T able 3. O nly clog 
ging , ca tch  v o lu m e  and sta te  o f  the sea  w ere retainei 
as sign ifican t v ariab les . T h e  expression  fo r the L5i 
p red ic tio n  w as

L 50 =  40 .5 6  -  3 . 6 8 c -  1.44v +  0.11.9

w here  th e  param eters  c, v and s  w ere clogging , catei 
vo lum e and sta te  o f  the sea, respectively . T he F-valui 
is 46 .4  w ith 3 an d  55 degrees o f  freedom  and th« 
co rrespond ing  p -v a lu e  <0.0001 ind ica ted  a h ighb 
sign ifican t re la tio n sh ip  betw een  the dependen t vari 
ab le  and  the set o f  th ree  independen t variables. Th<

Table  3
T he  m u ltip le  regression  sum m ary fo r independen t variable L5i 
w ith s tate  o f  the sea , catch  \o lu m e  and c logg ing  (/?=0.85  
Rldi =  ° -7 ° ;  A (3 .55)= 46 .4 ; /7<0.0001)

B S .E. o f  B 4 5 5 ) p - lev e

In tercept 40 .56 1.955 20.75 0.000
C logging - 3 .6 8 0.438 - 8 .4 0 0 .000
C atch  volum e - 1 .4 4 0 .442 -3 .2 5 0.002
State  o f  the  sea 0.11 0.049 2.22 0 .030
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Table  4
T he  m ultip le regression sum m ary  for independen t \a r ia b le  SR  w ith 
c logging (R = 0 .7 9 ; R ;dj =  0 .61; F (1 .5 7 )= 9 2 .9 ; p<0.0001 )

B S .E. o f  B 4 5 7 ) p-level

In tercept 11.32 0.555 20.40 0.000
C logging 3.45 0.358 9.64 0.000

am oun t o f  variab ility  in L 50 exp la ined  by th e  m odel 
w as 70% .

A  m u ltip le  regression  m odel w as also ca lcu la ted  for 
the dependen t variab le  SR  and the sign ifican t covari­
ates. T he reg ression  sum m ary  is g iven in  T ab le  4 . O nly 
c logg ing  w as re tained  as a sign ifican t variab le . T he 
expression  fo r the SR  p red ic tion  w as

SR  = 1 1 .3 2  -  3 .45c

T h e  F -v a lu e  is 92 .9  w ith  1 and 57 d eg rees o f 
freedom  and th e  co rrespond ing  p -v a lu e  < 0 .0000  ind i­
ca ted  a  h igh ly  sign ifican t re la tionsh ip  betw een  the 
dependen t and the independen t variab le . T h e  am oun t 
o f  variab ility  in SR  exp la ined  by th e  m odel w as 61 %.

F o r dab the L 50  fo r all hauls poo led  w as 4 .5  cm  and 
the  SF  w as 2.1. T he SR  w as 0.7 cm . T h e  se lec tion  
og ive  is show n in bo ld  in Fig. 6. T h e  se lec tion  p ara ­
m eters  fo r th e  8 sing le  hauls and th e  15 com bined  
hau ls are given in T able  1. T h e  se lec tion  og ives are 
g i \e n  in Fig. 6. T h e  variab ility  in the  selec tiv ity  
param eters  w as too  low  to find any re la tion  w ith 
th e  covariates.

P la ice  w ith lengths dow n to 5 cm  w ere  cau g h t but 
no  codend  se lection  w as observed.

F o r so le  the L 50  fo r all hau ls poo led  w as 7 .9  cm  and 
the SF  w as 3.6. T h e  SR  w as 1.7 cm . T h e  se lec tion  
og iv e  is show n in bo ld  in Fig. 8. T h e  se lec tio n  p a ra ­
m eters  fo r the 7 sing le  hau ls are  g iven  in  T able  1. T he 
se lec tion  ogives are g iven in Fig. 8. A s fo r dab  the 
variab ility  w as too  low  to  find any re la tion  w ith  the 
covariates.

3.3. W hole traw l se lec tiv ity

In  F ig . 10a and b the p ercen tag es o f  shrim ps 
escap in g  from  the d ifferen t n e t sec tio n s a re  show n 
b ased  on  th e  vertical and ho rizon ta l sub d iv is io n  o f  the 
net, respectively . T h e  areas in d ica te  th e  re la tive  
am oun ts o f  shrim ps escap ing  from  each  sec tion . A

m oving  average o f  th ree  va lues has been app lied  to 
sm ooth  the charts. T h e  bar ch a rts  in  Fig. 11 show  each 
n e t section  s e p a ra te ly  based  on 3 m m  length  classes. 
T able 5 show s the  p e rc e n ta g e s  o f  sh rim ps <45 m m  T L , 
>45 m m  T L  and a l l  len g th  c lasses  com b ined  escap ing  
from  the d iffe ren t n e t  sections.

It is c lea r f ro m  Fig. 10 th a t m o s t o f  the  larger 
shrim ps finish up in  th e  codend . It is strik ing , how ever, 
th a t fo r the s m a lle r  sh rim ps th e  net selectiv ity  is far 
m ore im portan t th a n  the co d en d  selectiv ity . O f all 
sh rim ps <45 m m  T L , 45%  escape  th rough  the net 
m eshes and o n ly  2 6 %  escap e  th rough  th e  codend 
m eshes (Table 5 ). T h e  se lec tion  th rough  th e  m eshes 
o f  th e  net is very le n g th  d ep en d en t (Fig. l i b ) .  F or the 
sm allest sh rim ps m e a su re d , o v e r 60%  escape  through 
th e  n e t m eshes. T h is  stead ily  d ecreases to  reach  a very 
low  selection  fo r th e  h ighes t leng th  classes. A b o u t 8% 
o f  all sh rim ps e s c a p e  u n d ernea th  the g round  rope 
(Table 5), w ith o u t a  c lea r leng th  dependence 
(Fig. I la ) .

T he data fo r th e  vertical subdiv ision  o f  the net 
(Fig. 10a) in d ica te  th a t fo r the  net selectiv ity  section
C, w hich is the ro u n d e d  sidew ay  part o f  th e  belly, 
show s th e  h ig h e s t escapes (24% ). Section  A , B and
D , w hich are th e  u p p e r parts  o f  the net and the flat 
sec tion  o f  th e  b e l ly  o f  the  net, are  o f  very  low 
im portance fo r th e  se lec tion  o f  shrim ps, especially  
w hen they are  c o m p a re d  to  sec tion  C (Fig. l l c - f ) .  
Less than  6%  o f  th e  escapes occu r th rough  these 
th ree  sections to g e th e r. E xcep t fo r section  A  it is 
ev iden t tha t sm a ll sh rim ps can  escape  m ore easily  
than  larger ones.

B ased  on  the lo n g itu d in a l subdiv ision  (Fig. 10b) the 
d ifferences in se lec tiv ity  b e tw een  sec tions are less 
ev iden t than  b e tw e e n  the vertica l sections. F ig . 11 g— 
j ,  how ever, in d ic a te  th a t e scap e  opportun ities fo r 
sh rim ps decrease  g radually  from  th e  an te rio r part to 
the p oste rio r p a rt o f  the net, espec ia lly  fo r th e  larger 
anim als. T h is is b e c a u se  the m esh  s ize  decreases and 
because  m eshes te n d  to  c lose m ore  tow ards th e  aft end 
o f  the net. S ec tio n  1 accounts fo r 14% o f  th e  escapes 
(Table 5). C o n tra ry  to  the o ther sec tions, the sm allest 
shrim ps do no t e sc a p e  as easily  as the  m id len g th  range 
from  th is an te r io r section . Sections 2, 3 and 4  accoun t 
fo r 7 , 8 and 1%, respec tive ly  (T able  5). T h is very  low  
selec tiv ity  in S e c tio n  4 is p robab ly  due  to  th e  fac t that 
th is  is the sec tion  w ith  v irtua lly  c losed  m eshes due to  
the tension  in th e  net.
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Fig. 10. Percentage o f  the  total n um ber o f  sh rim ps in  the  traw l path  escaping from  the d ifferent net sections.

T h e  bulk  o f  the la rger sh rim ps (70% ) finish up in the 
codend  (Fig. 1 Ik ) (T able 5), and a substan tia l am ount 
(26% ) o f  n o n -m arke tab le  sh rim ps (<45 m m ) are 
c au g h t in the  codend . A bou t 30%  o f  the m arketab le  
sh rim ps do  no t end  up in  the com m erc ia l ca tch  and 
escap e  u n dernea th  the  g round  rope  (7% ), th rough  the 
m eshes o f  the net ( 19% ) o r  th rough  th e  codend  m eshes 
(6% ) (Table 5).

N o  sign ifican t co rre la tion  w as found betw een  w hoii 
traw l se lec tiv ity  and  the covaria tes recorded.

4. Discussion

R eported  se lec tiv ity  param eters fo r C. crangon  art 
rare . Selection  fac to rs  ob tained  by  B ohl and K ourt
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Underneath groundrope Net (w ith o u t cod-end)
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S ec tio n  D

Fig. 11. Percentages o f  th e  to ta l n u m b e r o f  sh rim ps in  th e  traw l path  escap ing  fro m  each  n e t section  separately.
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Table  5
P ercen tages o f  shrim ps, <45 m m  TL , >45 m m  T L  and  all length  
c lasses, escap ing  from  the d ifferen t net sections (standard  deviation 
valuse are  g iven betw een th e  brackets)

<45 m m  
T L  (% )

>45 m m
T L  (% )

All (% )

C odend  c o \e r 22  (10) 5 ( 4 ) 1 2 (7 )
C odend 25 (9) 69  (11) 51 (12)
N et (w ithou t codend) 44 (6) 1 9 (6 ) 29 (7)
Section  1 18 (5) 11 (5) 14 (4)
Section  2 11 (3) 4 ( 2 ) 7 (2)
S ec tion  3 14 (5) 4  (3) 8 (4)
S ec tion  4 2 (2) 0  (0) 1 (D
S ection  A 0 ( 1 ) 1 (D 1 (D
S ection  B 2 ( 3 ) 1 (D 2 (2)
S ec tion  C 38 (6) 15 (5) 24 (5)
S ec tion  D 4 ( 2 ) 2 ( 2 ) 3 (2)
U nderneath  g round  rope 9 ( 4 ) 7 (6) 8 ( 5 )

(1962) fo r po lyam ide codends lay in th e  ran g e  2 .0 -2 .8 . 
R ecen t experim en ts carried  out by  G rah am  (1997) 
w ith  codends sim ilar to  the  ones u sed  in  th is study  
gave  an S F  o f  1.6. T he SF  ob tained  in  th e  p resen t study 
lay  in betw een  the resu lts  o f  these tw o au thors. T he 
resu lts  on  the w hole traw l selectiv ity  o f  th e  p resen t 
study  confirm  the conclusion  repo rted  by  B ohl (1963) 
th a t som e part o f the sh rim ps escaped  th ro u g h  the net 
m eshes. T h e  p resen t resu lts  not on ly  d em onstra te  the 
ex is ten ce  o f  these escapes but also stress  th e  re lative 
h ig h e r im portance  o f  n e t selectiv ity  com pared  w ith 
co d en d  selectivity .

G rah am  (1997) rep o rted  an L50 o f  4 .6  cm  and an 
SR  o f  0 .6  cm  fo r dab in a com parab le  sh rim p  traw l, 
w h ich  is very  close to  th e  resu lts  o f  the  p resen t study. 
T he S F  fo r dab o f  2.1 found  in this study  is iden tical 
to  th e  sum m ary  SF  fo r dab in beam  traw ls  repo rted  
in  a rev iew  by  W ilem an fo r the E u ropean  C om m ission  
(E U -study  No. 1991/15). T he S F  fo r so le , how ever, 
w as 3.6, w hich is h igher than 3.2 m en tio n ed  in th is 
review .

T h e  h igh variability  observed  in  the  L 50  values 
o f  the  codend  could  fo r a large p a rt be  exp la in ed  by 
th e  clogg ing  o f  the m eshes by hy d ro id s, th e  ca tch  
v o lu m e and the state o f  th e  sea. L 50  w as negative ly  
co rre la ted  w ith  c logg ing , w h ich  is lo g ica l. T h e  m ore  
hydro id  th reads th a t stick  to  the m eshes, the sm alle r 
the open ing  w ill becom e that can be  used  by th e  
an im a ls  to  escape , thus reducing  se lectiv ity . A lso  
to ta l ca tch  volum e w as negative ly  co rre la ted  w ith

the L50. H igher c a t c h  vo lum es are  o ften  due  to 
h igher am ounts o f  b en th ic  an im a ls  in the  catch , 
like crabs and s ta r f ish . S hrim ps th a t end up in  betw een  
h igh am oun ts o f  b e n th ic  an im als  in  the codend  do 
no t a lw ays have t h e  opportun ity  o r  fo rce to find 
their w ay tow ards t h e  open m eshes. In  a c lean , low  
vo lum e catch  th e  en co u n te rs  w ith  the  codend 
m eshes w ill be m u c h  h igher, thus increasing  escape  
opportun ities and se le c tiv ity . A  consequence  o f  this 
cou ld  be  tha t in t r a w l s  w ith  se lec tive  dev ices, like 
sorting  grids o r s i e v e  nets th a t hav e  c leaner catches 
o f  less vo lum e, c o d e n d  se lec tiv ity  fo r shrim ps will 
be higher. Sea s ta te  w as p o sitive ly  co rre la ted  w ith 
the L 50. V essel m o tio n , w h ich  depends on  sea 
state, c rea tes a p u m p in g  m o v em en t o f  the net, during  
trav/ling  o r  du ring  th e  hau ling  opera tion , w hen  the 
traw l is heav ing  u p  an d  dow n a lo n g sid e  the vessel. 
T hese  m ovem ents o f  th e  net m ay  provoke th e  opening 
and c lo s ing  o f  the  m e s h e s , w h ich  can  induce  a h igher 
escapem en t o f  s h r im p s  from  the codend . A  sim ilar 
co rre la tion  b e tw een  th e  sea  s ta te  and  codend  se lec tiv ­
ity w as described  f o r  N ephrops norveg icus  by  P o let 
and R edan t (1994) o n  a  com m erc ia l vessel. It could  
be expected  that th e  sam e th ree  covaria tes w ould 
also affect SR , b u t on ly  clogg ing  w as found  to  be 
sign ifican tly  re la te d  w ith  SR.

T here  is no  lega l m in im u m  land ing  size fo r brow n 
sh rim ps in the E U . T here  is how ever a m in im um  
m arket size. A c c o rd in g  to  E U -regu la tion  2406 
shrim ps shou ld  b e  g rad ed  in m arketab le  and  non- 
m arketab le  sh rim ps on  a sieve w ith  6.5 m m  b ar spa­
cing. T he m in im u m  carapax  w id th  o f  6.5 m m  co m ­
pares to  a to tal le n g th  o f  45 m m . T h is  leng th  lies very 
clo se  to the m ean  L 75  (45.2  m m  T L ) o f  the 20  m m  
shrim p  codend  an d  co n sequen tly  q u ite  a lo t o f  non- 
m arketab le  sh rim p s can  be  caugh t by  this type  o f 
codend.

F o r the w ho le  traw l se lec tiv ity  study  it w as assum ed 
th a t the to tal n u m b e r o f  sh rim ps in  th e  traw l p a th  w ere 
know n. T h e  re liab ility  o f  th is num ber, how ever, 
depends upon  the ca tc h in g  effic iency  o f  the co llec ting  
bags underneath  th e  g round  rope. T hese  w ere  con ­
structed  to  have a v e ry  good  b o ttom  con tac t b u t it was 
not possib le  to e s tim a te  the ir ca tch ing  efficiency. 
T herefo re  the e stim ated  num ber o f  shrim ps escap ing  
underneath  the  g round  rope  and consequen tly  the total 
num ber o f  sh rim ps encoun tering  th e  gear co u ld  be 
sligh tly  underestim ated .
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5. Conclusions

T h e  codend  se lec tiv ity  o f  a beam  traw l fo r shrim ps 
w as very  variab le . C logg ing  o f  th e  m eshes, catch  
vo lum e and  th e  s ta te  o f  the sea con tribu ted  signifi­
can tly  to th is vari ability. O n an average, the selec tiv ity  
w as ra ther p o o r fo r shrim p allow ing  relatively  h igh 
am oun ts o f  non -m arke tab le  shrim ps to  be  retained . 
T he se lec tiv ity  o f  th e  net body, how ever, w as quite 
im portan t and  a llow ed  m ore shrim ps to escape  than 
the codend . It w as m ainly  the rounded  la teral part o f  
the netbelly  th a t con tribu ted  to  th is selectivity.

D ue to  the  sm all m esh  size, codend  selec tiv ity  for 
fish w as very  low. O nly  a sm all part o f  even th e  0-age 
g roup  fish co u ld  escape  th rough  the m eshes. An 
increase  in  m esh  s ize  to im prove th is situation  w ould  
sh ift the se lec tion  cu rv e  fo r shrim p to the righ t, w hich 
m eans th a t m ore  m arketab le  sh rim ps w ould  be lost. 
S elec tive  dev ices, like so rting  grids o r sieve nets, to 
separa te  the  sh rim ps from  the fish and /o r ben thos by- 
ca tch  are th ere fo re  p robab ly  a be tte r w'ay to im prove 
species se lec tiv ity  o f  sh rim p  beam  traw ls.

T he design  o f  th e  fishing g ear stud ied  w as co m p ar­
ab le  to m ost sh rim p  beam  traw ls used  in the N orth  Sea 
(van M arlen  e t al., rep o rt to  th e  E u ropean  C om m is­
sion, E U -study  1994/044) and h ence  the resu lts in  this 
report have a w id e r applicability .
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