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Abstract

In selectivity experim ents w ith  shrim p traw ls, very high num bers o f  anim als in  th e  catches o f single hauls are a comm on 
feature and therefore, sub-sam pling  is inevitable. In order to find an acceptable  b a la n c e  betw een w ork-load and accuracy in the 
estim ation o f the  selection  param eters, it is im portant to have a sensib le  idea o n  th e  m inim um  num bers o f shrim ps to be 
m easured in each catch  frac tion  (cover, discards and landings). T he p resen t th eo re tic a l study tries to answ er this question by 
m eans o f com puter sim ulations o f different sam pling strategies and sam ple s iz e s  applied to catches w ith know n size 
compositions.

The results o f  the sim ulations are discussed in  relation to population  stru c tu re , shape  o f the cod-end selection curve, 
sampling strategy (as the re la tive  am ounts m easured from  the different catch  frac tio n s) and  sam ple size, and the m ethod used 
to calculate the selection  param eters.

Sam ples o f 750 anim als p rov ide an acceptable com prom ise betw een w ork-load  and  reliability  o f the  estim ated selection 
param eters, provided that sufficient num bers o f length  classes are available. P o p u la tio n  structure, selection curve and sam ple 
size (in that order) largely  determ ine the reliability  o f the estim ates, w hereas the sa m p lin g  strategy, on the o ther hand, only has 
a m inor effect. ©  1999 E lsev ier Science B.V. A ll rights reserved.

Keywords: C od-end selectiv ity ; B eam  traw l; C rangon crangon ; S am pling ; S im ulation

1. Introduction

In Belgium , m ost o f the com m ercial traw ling for 
brown shrimp (Crangon crangon) is done in the 
coastal zone, by double rig  beam  trawlers operating 
two trawls w ith a beam  length of 7 -9  m each. The

■Corresponding author. Tel.: + 32 -59 -320-805 ; fax: +32-59-330- 
629; e-m ail: hpo let@ unicall.be 

'E -m ail: fredan t@ m ail.dm a.be

netting m aterial is polyam ide, and the cod-end mesh 
size is 22 m m . A lthough  the shrimp trawlers primarily 
target brown sh rim p , their catches often com prise 
large quantities o f  bo th  com m ercial and non-com m er­
cial fish, to g e th er w ith a wide variety of benthic 
species (m ostly crustaceans, echinoderm s and m ol­
luscs).

A s a rule, th e  sieving and grading of the catches 
onboard the B e lg ian  shrimp traw lers is done with a 
rotating riddle. O nce  on deck, the catch is put through

0165-7836/99/$ -  see  front m a tte r 1999 E lsev ier S c ience  B.V. A ll rights reserved. 
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the riddle, to separate the com m ercial shrim ps 
(usually >45 m m  total length (TL)) from  the “ trash” 
(non-com m ercial by-catch) and the small shrimps, 
w hich are then discarded. This procedure needs to 
be taken into account when setting up selectivity 
experim ents, since as a result o f the shrimp sieving 
process, the cod-end catches are sub-divided into two 
fractions (viz. discards and landings) which have to be 
sam pled separately.

In 1995, a com prehensive research program m e was 
started, aim ing at a reduction of the by-catches in  the 
Belgian shrim p fishery. The first phase o f this pro­
gram , viz. an inventory of the fleet, w ith particular 
em phasis on vessel characteristics, gear types used and 
onboard catch handling procedures, was concluded in 
early 1996. In the second phase o f the program m e, the 
“ w hole traw l” selectivity o f com m ercial shrim p 
trawls has been studied. For the cod-end, this is done 
w ith the covered cod-end technique, while fo r the 
body o f the net, it is done by means of sm all m eshed 
pockets attached to the different net sections. Further 
phases o f the program  focus on the species- and size- 
com position o f the discards in the shrim p fishery, and 
on the effects o f by-catch reducing devices such as 
sieve nets and grids.

In selectivity experiments, the catch (i.e. cod-end 
and cover com bined) from a haul o f standard duration 
(usually between 60 and 90 min) m ay contain any­
thing from  1 0 0 0 0  to 1 0 0 0 0 0  shrim ps, with sizes 
ranging from  20 to 90 mm TL. Since m easuring large 
quantities of shrimp (say, 1 0 0 0  or m ore animals 
per catch fraction) is extremely labour intensive, 
particularly when the animals have to be m easured 
at a high level o f precision (e.g. 1  or 2  m m  size 
classes), it is com m on practice to sub-sam ple the 
catches, and to raise the length frequency data for 
each catch fraction to total catch before calculating the 
selection param eters.

W hen sub-sam pling catches or catch fractions, 
however, it is im portant to have a sensible idea on 
the m inim um  num bers o f shrim ps to be m easured 
(under different conditions with respect to, e.g. the 
size com position o f the catches and the likely shape of 
the selection curves), in order to reduce the effect o f 
sam pling error on the estimates o f the retention rates 
and to obtain sufficiently accurate estim ates o f the 
selection param eters. To answer this question, several 
sets o f theoretical sim ulations w ere carried out, in an

attem pt to  identify the effect o f catch com position, 
sam pling strategy  and sam ple size on the estimates of 
the se le c tio n  parameters.

2. Methods

2.7. G en e ra l background

The b a s ic  idea for the sim ulations was to  start from 
a th eo re tica l “ population” , with a known size dis­
tribution, w hich  was then sub-divided into three catch 
fractions (cover, discards and landings) by means of 
equally k n o w n  selection curves for the cod-end and 
the sh rim p  riddle. Next, random  sam ples were taken 
from ea ch  fraction, under specific, user-defined con­
ditions w ith  respect to sam pling strategy and sample 
size. T he num bers-at-length thus obtained were then 
used to ca lcu la te  the retention rates for each size class 
in the popu la tion  and subsequently to “ re-calculate” 
the se lec tion  param eters for the cod-end. For each 
com bination  of population structure, cod-end selec­
tion cu rve , sampling strategy and sam ple size, this 
procedure was repeated 1000 tim es. Finally, the re ­
calcu lated  selection param eters w ere com pared with 
the “ tru e ”  values for the original selection curve, 
using standard  statistical techniques.

By alte ring  each o f the elem ents in the system 
(population  structure, shape o f the cod-end selection 
curve, sam pling  procedure and sam ple size), it was 
possible to  identify their im pact on the reliability of 
the re-calculated  selection param eters, and to draw 
conclusions on the optim um sam pling strategies and 
sam ple sizes.

In o rd er to achieve m axim um  sim ilarity between 
the theoretical sim ulations and the situation in the 
“ real” , th e  simulations were based on true size com ­
positions o f  the shrimps entering the cod-end (the 
“ popu la tion” ) and on true estim ates o f the selection 
curves fo r the cod-end and the shrim p riddle. All these 
data w ere derived from prelim inary surveys carried 
out in M ay  1995.

2.2. The “popula tion”

The cho ice  of the length frequency distributions 
(LFDs) o f  the shrimps entering the cod-end was based 
on data collected during several selectivity experi-
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ments. From these, a representative LFD was chosen, 
w hich was then used as a basis to calculate a theore­
tical population (see Redant, 1996, for further details 
on the methods used). The observed LFD was first 
sm oothed to reduce the levels o f background noise in 
the original num bers-at-length. Then, the smoothened 
LFD was “re-constructed” by m eans o f a series of 
superposed normal distributions. W hether these have a 
biological m eaning, in the sense o f age or brood 
classes, is of little relevance. W hat matters is that 
the technique produced a realistic population with 
precisely known num bers-at-length (Fig. 1), which 
could then be sub-divided into cod-end and cover 
catches, and as far as the cod-end catches are con­
cerned, into discards and landings, also w ith precisely 
known LFDs.

A fter som e prelim inary sim ulations w ith the origi­
nal theoretical population (from now on called “Type 
1 ” population), it was decided to also run the sim ula­
tions using a population with a slightly modified size 
com position. This so-called “ Type 2 ” population had 
a much weaker first “ cohort” , at 1/5 o f its original 
strength (Fig. 1). The reason why this new  population 
was introduced in the study was because LFDs sim ilar 
to the Type 2 theoretical population are frequently-

observed in  certain areas and at certain times of the 
year, w hen th e  sm allest size classes o f shrimp are 
almost ab sen t from  the catches. Previous selectivity 
experim ents have shown that particularly with this 
LFD se lec tiv ity  param eters are obtained with very 
high standard  errors.

2.3. C od-end  selection

T he cod-end  selection curves used to sub-divide the 
populations into cod-end and cover catches were 
equally based  on  prelim inary selectivity experiments, 
carried out w ith  the covered cod-end technique. The 
logistic function  was used to describe the cod-end 
selectivity. T h is  function is the cum ulative distribution 
function o f a  logistic random  variable and is specified 
by the fo llow ing  equation:

R P  ^  exp(n +  b • TL)
1 +  exp(a +  b - TL) ’

w here RR is the probability that a fish o f length TL is 
retained in the cod-end. a and b, which are the two 
param eters to  b e  estimated, represent the intercept and 
the slope, respectively, after a logit transformation. 
L2 5 , L5 0  and ¿ 7 5  are the body lengths at which 25%,

10

8

6

4

2

0

0 10 20 30 40 50 60 70 80 90
S ize  (m m  TL)

Fig. 1. T he  tw o theoretical popu la tions  (referred  to  as Types 1 and  2) used as an inpu t fo r the  sim ulations.
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Table 1
G eneral fea tu res o f  th e  inpu ts o f  the  sim ulations

C ode“ T heore tica l population C o d -e n d  se lec tio n  cu rveb R idd le  selection  curveb

1-A Type 1: standard A: s te e p Standard
a = —1 0 .7 5 ;  è = 0 .2 5 f l= —22.70; ¿ = 0 .4 5

See F ig . 1 S ee F ig . 2 See F ig . 2

1-B Type 1: standard B: in te rm e d ia te Standard
a = - 5 . 1 8 ;  ¿ = 0 .1 4

A s in  s im ula tion  1-A S ee  F ig . 2 A s in s im ulation  1-A

1-C Type 1: standard C: sm o o th Standard
a = —3 .0 0 ;  ¿ = 0 .1 4

A s in  s im ula tion  1-A See F ig .  2 As in sim ulation  1-A

2-A Type 2: first cohort reduced to  l/5 th  o f  its  o rig inal strength A: s te e p Standard
See F ig . 1 A s in  s im u la tio n  1-A As in sim ulation  1-A

2-B T ype 2: first co h o rt reduced to l/5 th  o f its orig inal s trength B: in te rm e d ia te S tandard
A s in  s im ula tion  2-A A s in s im u la tio n  1-B As in s im ulation  1-A

2-C Type 2: first co h o rt reduced  to  l/5 th  o f its  o rig inal strength C: s m o o th Standard
A s in s im ula tion  2-A A s in  s im u la tio n  1-C As in sim ulation  1-A

“C ode: the  n um ber in  th e  code refers to  the  type o f  theore tical popu lation  and  th e  le tte r in  th e  code refers to the  cod-end selection  curve used 
for the  sim ulations.
ba  and  h re fe r to param eters  a  and  b  in  the  logit curve: R R = l / ( l+ e x p ( - ( a + ¿ x T L ) ) ) ,  w h e re  R R = re te n tio n  rate, and T L = to ta l  length.

50%  and 75%  o f the shrimps are retained in the 
cod-end.

Three typical selection curves w ere used (Table 1 
and Fig. 2):

o Ogive A. A  relatively steep logit curve, with an L 5 0  

of 43.0 m m  TL, and a selection range (SR) of 
9.0 m m  TL;

•  Ogive B. A  fairly sm ooth logit curve, with an L 5 0  of 
36.5 m m  TL, and an SR of 15.5 mm TL; and 

® Ogive C. An even sm oother logit curve, w ith an L 5 o 
o f 30.0 m m  TL, and an SR o f 22.0 m m  TL.

The sharpest selection ogive is typical for “ clean” 
catches, w hile the others (ogives B and C) were found 
to be associated with increasing am ounts o f seaweed 
and hydroids, w hich m ay cause considerable clogging 
of the meshes.

2.4. Selection by the shrimp riddle

The selection o f the shrim ps by the rotating riddle 
can perfectly be described by means o f a  logistic 
curve. A typical riddle has an L 5 0  o f 50.0 m m  TL

and an SR o f  5 .0  mm TL. A  sim ilar curve (Table 1 and 
Fig. 2) was used  throughout the sim ulations to sub­
divide the sh rim ps in the cod-end fraction into d is­
cards and landings.

T he d iffe ren t com binations of theoretical popula­
tion, cod-end selection curve and riddle selection 
curve are sum m arised  in Table 1. F rom  now on each 
o f these com binations will be referred to by the two 
digit code num ber given in the first colum n of this 
table. The to tal numbers o f shrim ps in each catch 
fraction, fo r each com bination of theoretical popula­
tion and selection ogive, are sum m arised in  Table 2, 
together w ith their respective size ranges. The sub­
division of th e  catches into cover, discards and land­
ings is shown in Fig. 3 for Type 1 and in Fig. 4 for 
Type 2 population.

2.5. Sam pling strategies and sample sizes

Overall sam ple sizes (i.e. the total number of 
shrim ps m easured for all fractions combined) 
were arbitrarily set at 150, 270, 375, 750, 1500 and 
3000.
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1.00

0.75

£  0.50

0.25 C o d -e n d  "A' 
C o d -e n d  "B‘ 
C o d -e n d  "C' 
R iddle

0.00
30 40 50 600 10 20 70 80 90

S iz e  (m m  TL)

Fig. 2. C od-end  and shrim p ridd le  selection  curves used  in  th e  sim ulations.

In addition to varying sam ple sizes, five different 
sam pling strategies were tested (Table 3):

o Sam pling strategy 1 (S I). Equal num bers of 
shrim ps are taken from each catch fraction (for 
an overall sam ple size of, e.g. 750 shrim ps, this

would com e to 250 from  the cover, 250 from the 
discards, and 250 from the landings).

© Sam pling stra tegy  2 (S2). Equal numbers o f 
shrim ps are taken  from the cod-end and the cover, 
actually m eaning that tw ice as many shrimps are 
taken from the cover than from  the discards and the

Table  2
N um bers (N , in  1000) and  size ranges (m m  T L ) o f  C rangon  in  each  catch  frac tion , as gen era ted  from  the theoretical populations, fo r each 
com bina tion  o f  theore tical population  (Type 1 o r 2 ) and  selection  curve (A, B and  C)

Code" C over D iscards L andings Total Sum  o f  N ' s

N Size range N Size rangeb N Size rangeb

1-A 115.4 12-59 60.0 23-61 74.6 4 1 -8 2 250.0
1-B 8 6 . 0 12-64 89.4 17 -60 74.6 4 0 -8 2 250.0
1-C 66.5 1 2 - 6 8 109.2 15-59 74.3 4 0 -8 2 250.0
2-A 72.3 14-61 59.4 30-61 74.6 4 1 -8 2 206.4
2-B 49.3 13-66 82.5 19 -60 74.6 4 0 -8 2 206.4
2-C 38.6 13-70 93.5 17 -60 74.3 4 0 -8 2 206.4

“C ode: th e  n um ber in  the  code refers to  the  ty p e  o f  theo re tical popu la tion  and  the  le tte r in the co d e  re fers  to  the  cod-end  selection  curve used 
fo r the  s im ulations.
bSize  ranges re fe r to  th o se  s ize  c lasses fo r w hich  th e  expec ted  nos. a t length  in  a  sam ple  of 1000 individuals a re  >0.5.
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landings (for an overall sam ple size o f 750, this 
would com e to 375 from  the cover, and assuming 
that equal num bers are taken from the discards and 
landings fraction, 188 from both the discards and 
the landings).

•  Sampling strategy 3 (S3). The catch fractions con­
taining the size classes w ithin the selection range of

the c o d -e n d  (viz. cover and discards) are given a 
higher w e ig h t. In this particular exercise the 
w eights w e re  arbitrarily set at 3 for the cover 
and the d isca rd s, and at 1 for the landings (for 
an overall sam ple size o f 750, this w ould com e to 
321 from  b o th  the cover and the discards, and 108 
from  the landings).

Sim ulation 1-A

10

0.9

0.88

0.7

0.66

0.5

0.44

0.3

0.22

0.1

0.00
6040 50 70 80 903010 20

01a:

Size (mm TL)

Sim ulation 1-B

S
o
■s
s

10

0.9

0.88

0.7

0.66

0.5

0.44

0.3

0.22

0.00
50 6030 40 70 80 9020100

2
c01 

Ol.

Size (mm TL)

Fig. 3. S ize  com positions o f  the  catch  fractions used  in  sim ula tions 1-A, 1-B an d  1-C.
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Sim ulation 1-C

10 1.0

0.9

8 0.8

0.7

6 0.6

0.5

4 0.4

0.3

2 0.2

0.1

0 0.0
40 50

Size (m m  TL)

60 70 90

—A— C over
-O— D iscards
—O— Landings

Total catch
------ C od-end  selection curve
....... Riddle selection  curve

Fig. 3 (co n tin u ed ).

o Sam pling strategy 4  (S4). The numbers o f shrimps 
taken are proportional to the size range of each 
fraction (for population Type 1, cod-end selection 
ogive A and an overall sam ple size of 750, this 
w ould com e to 315 from  the cover, 198 from  the 
discards, and 237 from  the landings), 

o Sam pling strategy 5 (S5). The numbers o f shrimps 
taken are proportional to the total numbers in each 
fraction (for population Type 1, cod-end selection 
ogive A  and an overall sam ple size o f 750, this 
w ould com e to 351 from  the cover, 185 from the 
discards, and 214 from  the landings).

M ethods S I, S2 and S3 are straightforward and easy 
to use in the field, w hereas S4 and S5 require some 
prelim inary inform ation on the length distribution and 
the num erical strength o f each catch fraction. In 
practice, this inform ation can be collected either prior 
to or during the actual processing o f the samples. In 
the latter case, however, the numbers of shrimp to be 
m easured may have to be adjusted as the m easure­

m ents proceed and more details on, e.g. the size range 
of each catch fraction become available.

2.6. Calculation o f  the selection ogives

The selection ogives w ere calculated by fitting a 
m axim um  likelihood logit curve to the “ observed”

Table  3
Sam pling  stra tegies te sted  fo r each  com bination  o f  population  and 
cod -end  selection  cu rve

C ode S am p lin g  strategy

SI S2 S3 S4 S5

1-A X X X X X

1-B X

1-C X

2-A X

2-B X

2-C X X X X X

W ith in  each  strategy th e  to ta l nos. o f  shrim p m easured  (AO w ere set 
a t 150, 270 , 375, 750, 1500 and 3000.
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retention rates. The retention rates in question were 
obtained from the “ scaled” LFDs of the cod-end and 
the cover samples, i.e. from  the num bers-at-length in 
the sam ples raised by their corresponding raising 
factors. In this approach, however, the error calcula­
tion o f  the selection curves is not statistically rigorous 
(M illar, 1994).

M illar (1994) proposed an alternative technique to 
calculate se lec tio n  ogives directly from  the numbers- 
at-length in th e  sam ples, instead o f from  the raised 
numbers. T h is  “ d irect”  m ethod gives much more 
reliable error estim ates. M illar also showed that the 
differences in  p o in t estim ates betw een the scaled and 
the direct m e th o d  are negligible, provided that the
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Fig. 4. S ize  com positions o f  the  catch  frac tions used  in sim ulations 2-A , 2-B and  2-C .
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ratio between the scaling factors for cover and cod-end 
is close to 1. This was the case fo r m ost o f the 
sim ulations in this study. Since the scaled m ethod is 
easier to use with three catch fractions, and since the 
m ain focus of the sim ulations was on the reliability o f 
the re-calculated selection param eters (and not on 
their standard errors), it was decided to use this 
technique as a standard routine to com pute the selec­
tion ogives and the Z^s’s, L50’s and Z ^ ’s.

3. Results

The effect o f sam pling strategy and sam ple size on 
the estim ation of the selection param eters was exam ­
ined fo r two com binations of population structure and 
selection ogive, viz. 1-A and 2-C  (Table 3). The 2.5 
and 97.5 percentiles o f the differences between the re­
calculated L 2 5 S, L$o’s and Z^s’s, and the “ true” Z^s’s, 
L 5 o ’s  and L7 5 ’s  o f the original selection curves are 
shown in Fig. 5 for all sam pling strategies and sam ple

sizes tested. N o te  that the scale o f the y-axis is the 
same for the th ree graphs.

The differences in accuracy between sampling stra­
tegies, for a given number in the sam ple, are almost 
negligible (Fig. 5). In general, however, S3 seems to 
perform  slightly better, and S2 slightly worse than the 
other strategies (particularly for the estimation of the 
L ^ ’s), but the differences are too small to conclude 
that any of the investigated sam pling strategies should 
definitely be preferred over the others. As could be 
expected, the correspondence between the re-calcu­
lated and the true selection param eters improves more 
or less asym ptotically with increasing sample sizes.

The effect o f population structure and selection 
range on the reliability  of the re-calculated selection 
param eters was investigated by com paring the results 
for different com binations o f population structure 
(viz. Types 1 and  2) and selection curve (viz. A, B 
and C). These results are also shown in Fig. 5. Since 
the choice of the sam pling strategy hardly affects the 
estim ates of the re-calculated param eters (see previous
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paragraph), only the results for sampling strategy SI 
are discussed.

T he best results, in term s of reliability o f the re­
calculated selection param eters, were obtained in 
sim ulations 1-A and 2-A, i.e. the ones w ith the shar­

pest se lec tion  curve. For an overall sam ple size o f 750, 
95%  o f the L 2 5 ’s, L s 0 ’s  and L 7 5 ’s fall w ithin a range
2.0, 1.5 an d  2 .0  mm TL, respectively, for 1-A, and 
within a r a n g e  1.6, 0.8 and 1.2 m m  TL for 2-A 
(Fig. 5).

>o>
a

Simulation and 
sampling strategy
- O -  1-A : S1 
-a™ 1-A : S2 

1-A : S3 
- a -  1-A : S4 
~ o ~  1-A : S5
~Q - 1-B : S1 

1-C : S1
-O -  2-A : S1 
- O -  2-B : S1

2-C : S1 
2-C : S2 

♦  2-C : S3 
2-C : S4 

-  2-C : S5

C om bined  sam p le  s ize

Fig. 5. 2.5 and  97.5 percen tiles  o f  the  deviations o f  th e  “ re -ca lcu la ted ” ¿ 2 5 ’s, L 50’s and  Ly5’s from  the ir “ tru e” values fo r  d ifferent sam pling 
s tra teg ies and  sam ple  sizes. T he  num bers 1 and 2  in  the  legend  co d e  re fe r to  the  type o f  theoretical population , the le tters A , B and  C refer to 
the type o f  se lec tion  cu rve  and  S I  to  S5 refer to  the  sam pling  strategy.
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As the selection curve gets sm oother (from  A  to B 
and, further on, from B to C), the accuracy of the 
estim ates o f particularly the L2f s  and the L50’s gets 
worse (Fig. 5). This effect is much m ore pronounced 
for the population with the w eak left cohort (Type 2 
population) than for the one with the strong left cohort 
(Type 1 population).

4. Discussion

4.1. E ffect o f sam pling strategy and sample size

For the com bination of population Type 1 and 
selection ogive A, and with only 150 shrimps m ea­
sured, 95% of the re-calculated L 2  f s ,  L50’ s and Lvs’s



224 H. Polet, F. R e d a n t/F isheries R esearch 4 0  (1 9 9 9 ) 2 1 3 -2 2 5

fall w ithin a range 4.0 (i.e. from 2.0 above to 2.0 mm 
below the true value), 3.0 and 4.0 m m  TL, respectively 
(Fig. 5). F or com parative studies on the selectivity of 
individual hauls, such levels o f accuracy might be too 
low. W hen the num ber of shrimps measured is 
increased to 750, the noise levels decrease to an 
acceptable 2.0, 1.5 and 2.0 mm TL, respectively, 
whichever sam pling strategy is used. M easuring more 
than 750 animals reduces the background noise even 
further, bu t the gain in  accuracy is too small to justify 
the increase in work-load.

For the com bination o f population Type 2 and 
selection ogive C, however, the overall reliability of 
the re-calculated L2 5 ’s and L50’s is very low (Fig. 5). 
Under the m ost perform ant sam pling regim e (S3), and 
with 150 shrim ps m easured, 95% of the re-calculated 
L 2 5 S and L50’s fall w ithin a range 17.0 and 9.0 m m TL, 
respectively. A sam ple size of 750 individuals reduces 
the background noise to 9.0 and 5.0 mm, respectively, 
which is still very high. Even if  the num ber o f shrimps 
m easured is increased to 3000, an overall level of 
accuracy sim ilar to the one obtained for 1-A with only 
750 m easurem ents, is not reached. The reasons for 
these differences in accuracy between different com ­
binations o f population structure and selection ogive 
are discussed in Section 4.2.

Even though the absolute im provem ent in reliability 
o f the re-calculated selection param eters differs 
strongly between the sim ulations for a given increase 
in sam ple size, the overall relative reduction in back­
ground noise is very sim ilar, viz. between 75%  and 
80%, when sample sizes are increased from 150 to 
3000.

4.2. E ffect o f  population  structure and selection  
range

Sm oother selection curves (from  A  to B, and further 
on, from  B to C), together with a w eak left cohort 
(Type 2 population) lead to a low accuracy of the 
estimates. The reasons for these differences in accu­
racy are closely connected to the size com position of 
the population, and m ore precisely, to  the availability 
o f sufficient num bers of length classes, critical to the 
calculation of the selection ogives.

In the case of sim ulations 1-A and 2-A, the selection 
range is right in the m iddle of that part o f the popula­
tion which contains m ost o f the shrim ps (viz. the

strong right cohort). As a result, all length classes 
w ithin the s lo p e  of the selection ogive are well repre­
sented in th e  sam ples, and this allows the calculation 
of reliable re te n tio n  rates, and hence o f reliable selec­
tion curves.

W hen the se lec tion  curve gets smoother, an increas­
ing num ber o f  leng th  classes, particularly for the sizes 
below the L 2 5  o r  even below  the L50, will be poorly 
represented in  the  sam ples (if not com pletely absent). 
The lower th e  relative abundance o f a length class in a 
population, th e  more difficult it becom es to obtain 
accurate e s tim a tes  o f its num bers-at-length. The levels 
of background  noise in the estim ated numbers-at- 
length for ind iv idual length classes almost exponen­
tially in c rease  when their relative abundance 
decreases (R edan t, 1996), and this adversely affects 
the reliab ility  o f  the retention rates derived from these 
data. The im p a c t o f this on the reliability of the re ­
calculated selection param eters progressively 
increases f ro m  sim ulation 1-B to 2-B, and again to 
1-C, and reach es a peak in  sim ulation 2-C, where most 
of the length  classes betw een the L 5 0  and the L2 5  are 
very poorly represented  in the catches, and where no 
size classes a re  available below the point of 2 0 % 
retention (F ig . 4). As a consequence, the quality of 
the estim ated  selection param eters is also extremely 
poor (Fig. 5).

In an a ttem p t to resolve this problem , and to 
im prove the quality o f the retention rates for the size 
classes in th e  lower end o f the selection curve, one 
could consider the possibility of “ over-sam pling” that 
particular p a r t o f the population. In the maximum 
likelihood m ethod, however, the retention rates for 
each individual length class are weighed by its relative 
abundance in  the scaled size distribution, and there­
fore, no m a tte r how many anim als are measured, the 
extra effort o f over-sam pling the poorest length 
classes is n o t rewarded in  term s o f better estimates 
o f the L 5 o ’s  and the L 2 5 ’s. This also explains why the 
sam pling strategy that actually did give more weight to 
the size classes in the lower part o f the selection curve 
(strategy S3) hardly scored any better than the others. 
There is reasonable hope, however, that this problem 
m ight be overcom e by using the m ethod proposed by 
M illar (1994). The exploration o f the potential of 
M illar’s approach was beyond the scope of the present 
study, but investigations along this line are planned for 
the near future.
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5. Conclusions

W ith regards to the numbers of shrimps to be 
m easured, the sim ulations clearly showed that sam ­
ples o f  750 anim als (all catch fractions com bined) 
provide an acceptable com prom ise between w ork­
load on the one hand, and reliability of the estim ated 
selection param eters on the other, provided that suffi­
cient num bers o f length classes are available over the 
whole range between the lowest and the highest 
retention rates. The poorer the length classes below 
the L 2 5  or even below  the L50 are represented in the 
catches, the m ore the reliability of the selection para­
meters decreases. Taking larger samples only partly 
resolves the problem , particularly if the selection 
curve is very sm ooth and the num bers o f shrimps 
below  the Lo5  very small.

The sim ulations also dem onstrated that the choice 
o f the sam pling strategy hardly affects the reliability 
o f the estim ates, as long as the selection param eters 
are calculated by the scaled method. Population struc­
ture, selection curve and sample size (in that order) 
largely determ ine the reliability of the estim ates o f the 
selection param eters, and especially o f the L50’s and 
the ¿ 2 5 ’s. N evertheless, it is worth m entioning that the

method w h ich  puts more weight on the length classes 
w ithin the selection range (sam pling strategy S3), 
usually gave slightly better results, and that it is likely 
to give even  better results with the direct, sample- 
based m ethod  o f M illar (1994) to calculate selection 
ogives. T h is, and the fact that the m ethod is rather 
straightforw ard and easy to use, m ake this sampling 
strategy the be tte r choice for this type of selectivity 
experiment.
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