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Valentin Trujillo, Spain valentin.trujillo@vi.ieo.es
Andrés Velasco, Germany andres.velasco@ior.bfa-fisch.de
Joël Vigneau, France (Chairman) Joel.Vigneau@ifremer.fr

1.2 Background and terms of reference 

The present workshop is a follow up to WKSCMFD (Workshop on Sampling and Calculation 
Methodology for Fisheries Data) held in Nantes in February 2004. The WKSCMFD wrote in 
their report 

"The important question of sampling strategy has not been studied here. The improvement of a 
sampling scheme can only be done after primary analysis of the data and the coefficients of 
variation. In the guidelines chapter the reader will find advice to analyse the data in the scope 
of calculating the precision and to investigate the appropriateness of the sampling design. 

A review of exploratory analysis tools of sampling design needs to be done . 

Based on information contained in the tables of chapter 5 and with appropriate exploratory 
tools, sampling data should be analysed. This analysis should point out the source of potential 
bias in the current sampling design and ways to improve the precision. 

These important issues need to be addressed specifically to another workshop." 

mailto:R.A.Ayers@cefas.co.uk
mailto:ulrich.berth@ior.bfa-fisch.de
mailto:otte.bjelland@imr.no
mailto:e.d.clarke@marlab.ac.uk
mailto:willem.dekker@wur.nl
mailto:demeo@irepa.org
mailto:fabiof@irma.pa.cnr.it
mailto:ofo@dfu.min.dk
mailto:dgarcia@suk.azti.es
mailto:hans.gerritsen@marine.ie
mailto:marianna@imbc.gr
mailto:igonzalez@suk.azti.es
mailto:maria.hansson@fiskeriverket.se
mailto:david.hirst@nr.no
mailto:airiondo@suk.azti.es
mailto:ernesto@ipimar.pt
mailto:kkapir@ncmr.gr
mailto:mika.kurkilahti@rktl.fi
mailto:Sebastiaan.Luyssaert@dvz.be
mailto:d.l.maxwell@cefas.co.uk
mailto:hmurua@pas.azti.es
mailto:kay.panten@ish.bfa-fisch.de
mailto:jukka.ponni@rktl.fi
mailto:iquincoces@suk.azti.es
mailto:raid@sea.ee
mailto:katja.ringdahl@fiskeriverket.se
mailto:paz.sampedro@co.ieo.es
mailto:norbert.schultz@ior.bfa-fisch.de
mailto:jsv@dfu.min.dk
mailto:valentin.trujillo@vi.ieo.es
mailto:andres.velasco@ior.bfa-fisch.de
mailto:Joel.Vigneau@ifremer.fr


2  | ICES WKSDFD 2005 

The WKSCMFD (ICES 2004a) has in 2004 developed guidelines for sampling and estimation 
of precision related to the numerous biological parameters collected at the scale of Europe and 
for any stocks where information is collected. This is linked to the Regulation (EC) 
N°1639/2001 but has also a more general interest. The purpose of this new Workshop is to 
look at these analysis or estimations and use the experience gained from it to improve the 
guidelines. 

PGCCDBS (ICES 2004b) has approved the minutes of WKSCMFD (ICES 2004a) and has 
proposed to ICES/ACFM that a workshop on sampling design for fisheries data, to be held in 
Pasajes (Spain) in February 2005. At the 92nd ICES Annual Science Conference, it was de-
cided that the Workshop on Sampling Design for Fisheries Data [WKSDFD] (chair : Joël Vi-
gneau, France) will meet in Pasajes, Spain, from 1 – 3 February with the following terms of 
reference : 

a. analyse the estimates of precision of the basic fisheries assessment data by 
country; 

b. on the basis of this analysis advise on sampling strategies including stratifica-
tion and sampling effort. 

1.3 Executive summary 

The Workshop participants have much appreciated the good facilities, arrangements and sup-
port provided by AZTI, Pasajes and staff members. 

The collection of data at the scale of Europe initiated by the DCR is aimed to improve the co-
operation between countries and the quality of data collected for scientific use. For most of the 
data gathered, the collection makes use of a sampling process and thus it is necessary to deal 
with uncertainty and bias. The first step for quantifying the quality of a data set is to calculate 
the precision reached, but last year’s WKSCMFD (ICES 2004a) showed that a good precision 
was a necessary but not sufficient condition. For a given stock and disagregation level, the 
sampling scheme must certify that the data collected is representative of the population sam-
pled. 

Following the WKSCMFD statement that the only way to improve a sampling scheme was to 
analyse the data and the coefficients of variation, the single question addressed to this work-
shop was to advise on sampling strategies. The sampling strategy, or in more general terms, 
the sampling design, covers the complete process of conducting a survey, going from the de-
scription of the data collected, the selection of samples, the stratification, the method used to 
calculate the estimators, the sampling intensity to reach a given precision to end with the qual-
ity control of the data collected.  

The first point of note was that only a small number of stocks have been analysed by very few 
countries. To go one step further than the overview tables of last year’s WKSCMFD, the in-
formation on stratification, the method used to estimate the age structure and the precision 
attained when available, are provided at a stock and country level. To complement the sum-
mary tables, a description of the different sampling methods is developed but this essential 
question, especially the elaboration of the age structure, demands a more precise attention for 
a specific forum. 

The information required to begin a discussion on the broad issue of optimising the sampling 
design was not available. It has therefore been decided to propose an analysis of some case 
studies going from the exploratory analysis of the samples to the calculation of precision using 
different methods and different sampling designs. The comparison of methods and sampling 
designs are important preliminary steps to validate options taken by different countries. 

Following last year’s workshop description of methods for calculating precision, a certain 
number of statistical tools have been developed or are under construction in different coun-

 



ICES WKSDFD 2005 ¦  3 

tries. Instead of letting all the countries cope with the difficult and long-running task of im-
plementing a complete statistical tool by themselves, the group gave support to the idea of 
developing an “open source” common tool. The group draws attention to the important impact 
of such a process promoting convergence and improvement. 

The only advice on sampling strategies, as requested by the principal term of reference, is to 
incite all the countries to investigate and analyse their data the same way as shown here with 
the case studies. Any data user can see with the lengthy table of Annex A, at a stock level, 
how the sampling is done and to what intensity. The two complementary workshops 
WKSCMFD and WKSDFD applied themselves to give the rules, whilst the harmonisation of 
sampling is to be done at a Regional and stock level, especially as métier sampling is to be 
initiated in the future. 

Questioning specific issues of the broad process of sampling design remains at a high level 
among participants. The particularity of this workshop is to include different and complemen-
tary skills that enable rich and appreciated discussions. The choice of continuing to meet every 
year goes against the spirit of a one-off workshop and the issue of sampling design can only be 
a follow-up process. The group recommends therefore to continue the organisation of such a 
workshop every year but with more focus on the individual use of one common and integrated 
tool. 

1.4 Precision criteria for vector-type estimators 

Various types of parameters are to be estimated in module H and I. The definition of the preci-
sion criterion (DCR 1639-2001, section B.4) applies to a scalar type estimator, while many of 
the parameters are a vector by nature. For some vector-type estimators (weight and length by 
age, maturity and fecundity), the Regulation states that precision must be calculated for those 
elements of the vector, that correspond to specifically defined criteria: 

DCR 1639-2001, section I.1.c.i – "For stocks for which ages of individual fish can be read, 
average weights and lengths for each age must be estimated with a precision of level 3, up to 
an age such that cumulated landings for the corresponding ages account for at least 95 % of 
the national landings for the relevant stock." 

DCR 1639-2001, section I.1.c.i – "For stocks for which age reading is not possible, but for 
which a growth curve can be estimated, average weights and lengths for each age must be 
estimated with a precision of level 2, up to an age such that cumulated landings for the corre-
sponding ages account for at least 90 % of the national landings, for the relevant stock." 

DCR 1639-2001, section I.1.c.ii – "For maturity and fecundity, precision of level 3 must be 
achieved within the age and/or length range, the limits of which correspond to a 20 % and 90 
% of mature fish." 

For other vector-type estimators (catch and discards in numbers by age or length), a prede-
fined sampling intensity was required in the original Regulation (DCR 1639-2001, appendix 
XV), which is replaced by a precision criterion (DCR 1581-2004, Annex I, section 3.a.i.b, 
replacing DCR 1639-2001, section H.1.b) from 2005 onwards. Additionally, the Guidelines 
for Technical Reports (STECF, 2005) call for precisions to be reported. However, neither 
Regulation DCR 1581-2004 nor the Guidelines spell out, how to apply a scalar criterion to a 
vector-type estimator. 

Preliminary calculations (see section 5) have shown that estimates of catch in numbers by age 
achieve a high precision for the age classes dominating the catch, which are usually in the 
middle of the age range; for the youngest and oldest age classes, a low precision is found.  

A number of options to solve the problem for vector-typed estimators spring to mind: 
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1. Apply the precision criterion to each age/length class separately. Clearly, this 
would place excessive emphasis on rare age/length classes. Conventionally, 
older age classes are grouped into a plus-group in assessments, minimising 
their influence on the overall assessment. 

2. Define a new criterion along the lines spelled out in DCR 1639-2001 (section 
I.1.c.i). That is: apply the required criterion to the average precision achieved 
in the dominant age/length. Unlike DCR 1639-2001 (section I.1.c.i), a mean-
ingful criterion for catch in numbers by age has to exclude youngest age 
classes too. A logical extension would then be to consider the average preci-
sion in the most abundant age classes, constituting, say, 90 % of the catch in 
total.  

3. Apply the criterion to the average of those age/length classes that influence the 
stock assessment the most (e.g. sensitivity analysis). In VPA-type assess-
ments, this could  place more emphasis on the older age (greater length) 
classes, than the previous option. Clearly, this option makes sense in the long 
run, but it is not yet obvious what aspect of the assessment (stock abundance, 
fishing mortality, spawning stock, etc) is to be focused, or how to analyse the 
sensitivities.  

4. Apply the criterion to the average precision achieved in a range of age classes, 
using the same range as the assessment working groups apply in averaging es-
timates of fishing mortality (e.g. F2-4). However, adopting this solution for 
age-structured estimates would not solve the problem for length-structured es-
timators.  

The second option (applying criteria to the average of those length/age classes constituting the 
most abundant fraction of the catch) although not taking into account the correlation between 
lengths/ages, is consistent with the remainder of the DCR, and applicable to all vector-type 
estimators, and is therefore recommended. Clearly, the selection of a suitable range of 
length/age classes must be sustained over several years and reflect the use that is made of the 
data. A wide selection of the selected length/age range would assure robustness to altering 
exploitation levels and/or incidental strong or weak year classes and would not give the false 
impression that a fraction of the population is not worth sampling.  

2 ToR a - Overview of national sampling programmes and 
procedures for estimating precision 

For member states within the EU, regulation EC 1581/2004 states levels of sampling intensi-
ties and targets of precision within the sampling programmes. Statistical procedures and sam-
pling programme design often varies from stock to stock, even within single countries. Full 
details of the sampling programmes and results will be reported by each country, following the 
Guidelines for Technical Reports (STECF, 2005); the information presented below is not con-
sidered to replace or stand in for the official reporting, and intended to highlight general pat-
terns only.  

A preliminary overview of samplings by country and stock is presented in detail in Annex A, 
and summaries of main characteristics are given below. 

2.1 Overview of national sampling programmes 

The precision targets of regulation EC 1581/2004 give rise to a fundamental shift in the way 
countries design their sampling programmes and have thereby raised a large number of ques-
tions regarding the methods to be used. Member States are in a process of changing the statis-
tical treatment of data collected within their national programme, which is a rather slow proc-
ess in comparison to the requirements of the EU Regulations. 
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2.1.1 Overview of sampling strategies, stratification and location 

The choice of method for calculating precision is to a certain degree dependant on the choice 
of sampling strategy, which in itself is often dictated by every day practicalities. Tables 1 and 
2 summarize the current sampling strategies, with details on principal methods of sampling 
(Table 2a), stratification (Table 2b) and location of the sampling (Table 2c). The information 
contained in these tables updates those in last years report (WKSCMFD, ICES 2004a), filling 
in additional information, and now focusing on the year 2004. 

Table 1. - Overview of 2004 National Programs in respect to calculation of precision levels. 

Stocks included in Appendix XV 
(EC 1639/2001) Bel DK UK En Est Fra GFR Gre  Ire Ita Lat NL Pt Fin UK Sc Sp Sw No

1.  No of stocks sampled (total) 23 39 60(1) 7 38 (1) 28 14 44 80 13(1) 25 40 16 44 38 17 25
1.1.1  No of stocks sampled (aged 
based assessment) 18 28 35 6 21 21 8 32 40 4 10 12 14 22 19 12 20
1.1.2  No of stocks sampled  
(length based assessment) 5 11 18 0 17 7 3 12 80 1 1 7 2 2 19 3 4
1.2.1  No of stocks for which  
precision is reported (aged based 
assessment)

5 3 12(2) 0 3 0 8 0 (1) 1 0 7 6 0 0 19 3 6

1.2.2  No of stocks for which  
precision is reported (length 
based assessment)

0 3 0 0 11 0 3 0 0 0 0 0 0 0 19 0 0

1.3.1  Methods† for calculation of 
precision (aged based 
assessment)

A+B A A - A - A - A - B A+B - - A+B B BM

1.3.2   Methods† for calculation of 
precision (length based 
assessment)

- A - - A+B - A - - - - - - - B  - -

2.1 No of target stocks sampled 13 20 79 0 18 23 35 30 72 1 (2) 0 17 2 30 16 8 0
2.2 No of target stocks for which  
precision is reported 0 0 17 0 9 0 0 0 0 0 0 17 0 0 6 0 0
2.3 Methods† for calculation of 
precision - - A - A - A - - - - A+B - B GLM - -

3.1 Number of stocks sampled 2 24 45(3) 7 15 24 14 0 (2) 80 13 (3) 21 10 14 6 59 16 17
3.2 Number of stocks for which 
precision is reported 0 0  c 0 15 0 14 0 0 0 0 10 0 0 59 0 0
3.3 Methods† for calculation of 
precision - - A - A - A - - - - A+B - - A+B - -

A: analytical, B: bootstrapping, BM: Bayesian heirachical modelling O: other (explain in comments)

UK En-1: assessment definition of stock used or definition by species and ICES division or subdivision if no assessment
UK En-2: precision routinely supplied to assessments for 12 species but is available for all 35 age based stocks
UK En-3: Sex, weight and maturity. Precision reported for sex based ALKs, growth curves and maturity modelling
France-1: Tropical water stocks excluded
D-1: No of Stocks indicated for which precision calculation is planned but not yet done for 2003 data
IRL-1: Precision work to be commenced in 2004
IRL-2: No. of stocks to be determined following survey in Q1 2004
I-1: at now, biological samples are not routinely used for stock assessment
LTV-1: This includes 5 stocks (5 species) for which analytical assessment is performed, 4 species from Appendix XIII, and 3 species which are not listed in the Regulation
LTV-2: discards of cod, besides seal damaged salmon is being recorded in recent years
LTV-3: for 3 species only weight additionally to length and age is recorded.

1. Biological sampling 
of landings: 
composition by age 
and length (aged 
based assessment) / 
length (length based 
assessment)

2. Discard sampling

3. Other biological 
parameters (SMALK)

 

Table 2a. Overview of 2004 sampling strategies for age/length composition of commercial landings. 

Stocks included in Appendix XV (EC 
1639/2001) Bel DK UK En Est Fra GFR Gre Ire Ita Lat NL Pt Fin UK sc Sp Sw No

1 No of stocks sampled (total) 23 39 60 7 38 28 14 44 80 13 21 40 16 44 38 17 25
2 No of stocks sampled for age composition 18 28 35 7 22 21 11 32 40 12 15 21 14 22 19 13 20
3 No of stocks sampled with ALK method† 18 28 35 0 21 21 8 32 40 5 3 21 10 22 19 0 17

No of stocks with lengths sampled from 
unsorted landings 12 20 9 0 2 28 2 28 na 5 11 40 14 11 0 0 17
No of stocks with lengths sampled from 
market categories 11 15 35 0 19 3 6 16 na 0 3 0 0 11 19 0 0
No of stocks with otoliths sampled 
independently of length distribution 18 16 35 0 21 0 8 0 0 4 3 21 8 0 19 0 7
No of stocks with otoliths sampled from 
length distribution 0 14 35 0 1 21 0 22 40 1 12 0 8 22 0 0 10
No of stocks with otoliths sampled from 
unsorted landings 7 20 9 0 2 21 2 6 0 5 9 0 10 11 0 0 17
No of stocks with otoliths sampled from 
market categories 11 15 35 0 19 2 6 26 0 0 6 0 0 11 19 0 0
No of stocks with otolith samples stratified by 
length 7 28 35 0 19 21 8 32 40 1 3 21 8 22 19 0 7

No of stocks with random otolith samples 11 0 0 7 0 0 0 0 0 4 12 0 8 0 0 0 10
4 No of stocks sampled with direct method‡ 0 0 0 7 1 0 3 0 0 7 12 0 0 0 0 13 3

No of stocks with fish sampled from unsorted 
landings 0 0 0 7 0 0 2 28 0 7 9 0 14 0 0 6 3
No of stocks with fish sampled from market 
categories 0 0 0 0 0 0 1 16 0 0 12 0 0 0 19 7 0

5 No of stocks sampled with other methods – 
described in Comments below 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0

4.1

3.1

3.2

3.3

3.4
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Table 2b. - Overview of 2004stratification level of sampling strategies for age/length compositions 
of commercial landings. 

Stocks included in Appendix XV (EC 
1639/2001) Bel DK UK En Est Fra GFR Gre Ire Ita Lat NL Pt Fin UK Sc Sp Sw No

1 No of stocks sampled (in total) 23 34 60 7 38 28 14 44 80 13 25 40 16 44 38 17 25
No of stocks stratified in time (total) 23 34 60 7 35 28 0 44 80 13 25 40 16 30 38 17 21
No of stocks stratified by quarter 22 34 10 7 30 28 0 35 46 8 25 0 16 0 38 16 20
No of stocks stratified by time unit shorter 
than quarter 1 0 60 0 5 0 0 9 0 3 3 40 0 30 0 1 1

No of stocks stratified by time unit longer 
than quarter 0 0 0 0 0 0 13 0 34 2 0 0 0 0 0 0 0

No of stocks stratified in space (total) 23 34 60 7 2 28 11 44 80 6 0 40 16 30 38 17 22
No of stocks stratified by ICES/FAO 
division 23 12 0 0 0 24 14 5 0 21 0 0 0 0 0 0

No of stocks stratified by ICES subdivision 
/ GFCM geographical sub-area 23 22 60 7 2 4 0 39 80 4 21 24 16 0 31 17 4

No of stocks stratified by space unit 
smaller than ICES subdivision / GFCM 
geographical sub-area 

1 0 5 0 0 0 0 9 0 2 0 24 0 30 7 0 18

4 No of stocks stratified by gear (total) 23 6 45 7 13 12 6 44 5 0 40 10 30 38 10 15
Overstratification* : 
No of stocks for which this has not been 
analysed 18 34 0 7 15 28 8 0 0 0 0 40 16 0 - 17 23

No of stocks for which this is experienced 
to be a problem 4 - 6 0 6 - 3 7 0 - - - 0 - - 2

No of stocks for which this is experienced 
NOT to be a problem 1 - 47 0 17 - 0 37 0 - 21 - - 0 - - 0

2

3

5

 

Table 2c. Overview of 2004 locations of sampling of commercial landings. 

Stocks included in Appendix XV (EC 1639/2001) Bel DK UK En EST Fra GFR Gre Ire Ita Lat NL Pt Fin UK Sc Sp Sw No
No of stocks sampled by observer on board 13 25 0 0 1 28 0 31 - 6 0 16 6 10 2 10
No of stocks sampled at port by ship 0 15 60 7 37 0 14 44 - 12 0 24 16 44 28 7 18
No of stocks sampled at market/auction 15 16 60 0 35 3 0 22 - - 14 24 - 0 0 8 0
No of stocks sampled by coastguards 0 16 0 0 0 0 0 0 - - 0 0 - 0 0 4 18
No of stocks sampled other (explain in comments) 0 0 0 0 0 0 0 22 - - 7 0 - 0 0 - 16
No of stocks sampled by observer on board 7 15 0 0 0 21 0 34 - 6 0 11 6 0 4 0 2
No of stocks sampled at port by ship 0 17 35 7 1 0 8 7 - 11 0 10 16 22 14 5 9
No of stocks sampled at market/auction 11 9 35 0 21 2 0 26 - - 8 0 - 0 14 8 0
No of stocks sampled on surveys 2 23 * 7 0 23 0 0 - 7 0 10 4 0 14 0 1
No of stocks sampled by coastguards 0 14 0 0 0 0 0 0 - - 0 0 - 0 0 4 8
No of stocks sampled other (explain in comments) 0 0 0 0 0 0 0 6 - - 7 0 - 0 0 - 13
No of stocks sampled by observer on board 0 5 0 0 0 12 0 0 - 3 0 11 6 0 10 1 0
No of stocks sampled at port by ship 0 21 45 7 0 5 14 0 - 10 0 10 16 6 49 7 8
No of stocks sampled at market/auction 2 9 35 0 9 7 0 3 - - 12 0 - 0 49 0 0
No of stocks sampled on surveys 0 6 * 7 8 23 0 35 - 3 2 10 4 6 49 12 15
No of stocks sampled by coastguards 0 0 0 0 0 0 0 0 - - 0 0 - 0 - 0 0
No of stocks sampled other (explain in comments) 0 0 0 0 0 0 0 0 - - 7 0 - 0 - 0 6

Length 
distributions

 Otolith    
origin

Other 
Biological 

parameters

 

2.2 Magnitude and precision of the 2004 sampling programme 

A preliminary overview of samplings by country and stock is presented in detail in Annex A 

The Regulation applicable for 2004 (DCR 1639-2001) lists predefined sampling intensities for 
each stock, for the number of samples and the sample sizes, in relation to the magnitude of the 
landings by country. Figure 2.2.a and b shows this relation for the length-composition sam-
pling; Figure 2.2.c and d show the same for the age-composition sampling.  

The revised Regulation for 2005 (DCR 1581-2004) and the Guidelines for Technical Reports 
(STECF, 2005) call for precisions to be reported. Figure 2.2.e and f show the relationship be-
tween preliminary estimates of precision and the number of samples or the number of fish 
sampled, for length-composition sampling. Figure 2.2.g and h show the same for the age-
composition sampling. 
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Figure 2.2.a Relation between the landings per country per stock and
the number of samples taken for the length composition of the catch. 
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Figure 2.2.b Relation between the landings per country per stock 
and the number of fish sampled for the length composition of the 
catch. 
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Figure 2.2.c Relation between the landings per country per stock and
the number of samples taken for the age composition of the catch. 
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Figure 2.2.d Relation between the landings per country per stock 
and the number of fish sampled for the age composition of the 
catch. 

0%

10%

20%

30%

40%

50%

1 10 100 1 000

Number of samples for length

P
re

ci
si

on
 le

ve
l a

ch
ie

ve
d 

(C
.V

. %
)

 

Figure 2.2.e Relation between preliminary estimates of precision and 
the number of samples taken for the length composition of the catch. 
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Figure 2.2.f Relation between preliminary estimates of precision 
and the number of fish sampled for the length composition of the 
catch. 
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Figure 2.2.g Relation between preliminary estimates of precision and 
the number of samples taken for the age composition of the catch. 
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Figure 2.2.h Relation between preliminary estimates of precision 
and the number of fish sampled for the age composition of the 
catch. 

3 ToR b - Sampling methods 

Developing a sampling design to answer one question by carrying out a survey by one labora-
tory is relatively straightforward for an expert. Developing a sampling design for a multipur-
pose, multinational and various environment issue is more complex. The sampling design 
covers all the sampling process from the definition of the sampling units to the quality control 
of the data. Every step of the process is obviously variable from one country to another and 
even within one country. Instead of trying to disentangle the multiple combinations of particu-
larities and propose a catalogue of solutions, the group has proposed to focus on the conver-
gence points. As the question to answer is the same everywhere, estimating the length/age 
structure of the landings, the important further step is to consider the statistical methods used 
to collect the samples. 

In the purpose of estimating the length or age structure of the total landings of one spe-
cies/stock, the question arises on what is the choice of methods available. From section 2 
compiling the strategies used in the different countries and from the literature, the choice ap-
pears to be limited to three principal methods. Taken from the book written by Quinn and De-
riso (1999), we propose the following description 

3.1 Simple random sampling 

“Under a simple random sampling protocol, a simple random sample is taken from a 
population of individuals. The population may be a commercial catch of fish, a survey catch of 
fish, or an entire fish population.[…]It is assumed that fish are sampled independently and 
have the same probability of being sampled. Each fish in the sample is aged, and the resultant 
frequency of each age in the sample is calculated” 

This method is referred in the summary table 2a of section 2 as “direct method”. The au-
thors draw the attention on the fact that this method may be difficult to carry out in practice, 
because of the danger to unintentionally select certain components of the population. To en-
sure a representative sample of the population a particular attention must be given on the sam-
pling plan and particularly on partitioning the sampled population into strata. This statement 
on the representativity of sampling is worth for every methods. 

3.2 Two-stage random sampling 

“Under two-stage sampling, two assumptions are necessary. 
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1. A simple random sample from the catch is taken in the first stage. The sample 
is classified into length intervals.  

2. A random subsample from each length class is taken for aging in the second 
stage. The first well-known allocation for the age subsample is fixed alloca-
tion, where a constant number of fish are aged from each length class. The 
second is proportional allocation, where the number of fish aged is selected 
proportional to the length frequencies. […] Any other allocation can also be 
used. After ages are obtained, age frequencies are classified by length and age 
into an age–length key.” 

This method is referred in the summary table 2a of section 2 as “Stocks with otoliths sam-
pled from length distribution” 

3.3 Separate length and age samplings 

“Subsampling data for age are frequently not available, but there is often the need to ap-
ply age–length keys to length frequency data to obtain age composition estimates” 

This method is referred in the summary table 2a of section 2 as "Stocks with otoliths 
sampled independently of length distribution" 

3.4 Discussion 

There may often be factors, such as time, area, gear…  which divide the population into 
sub-populations (groups/strata) and we may expect the age composition to vary among the 
different sub-populations. This has to be accounted for, at the moment of drawing a sampling 
design in order to obtain a representative sample of the population, by adopting a stratified 
sampling. The stratified sampling can be applied to each of the method described above, the 
corresponding formulae being applicable to a single strata and the combination of all the strata 
calculated as described by Cochran (1977). 

The objective of the sampling is of particular importance at the moment of drawing up a 
sampling plan. The example discussed in section 5 shows that the precision decrease with the 
scarcity of the length/age classes. In VPA-type assessment, estimation of F at the oldest true 
age (before the plus group) is used to start the backward recursion, and therefore it would be 
wise to avoid too much imprecision on the older ages. 

Another discussion was to consider whether the method was different by sampling at sea 
or under auction. A paper by Aanes and Pennington (2003) considers the age composition of 
the commercial catch of Northeast Arctic cod from a sample of clusters of commercial fishing 
trips. From Cochran (1977), it is said that the two-stage sampling with units of unequal sizes is 
a natural extension of the one-stage sampling with cluster units of unequal sizes. 

One of the principal outcome of the Aanes and Pennington paper is that fish sampled from 
the same trip (i.e. from a “cluster”) tend to be more similar in age than those in the total catch. 
Sampling few units from a large number of clusters is then preferable than taking samples of 
all the units of a few clusters This consideration is very important at the moment of removing 
otoliths in the purpose of building an ALK by the method of separate length and age sam-
plings. It is clear that the otoliths has to come from different locations and different time of the 
year to be as representative as possible of the sampled population. 

More work needs to be done in how to elaborate and handle age–length keys. The differ-
ent formulas to implement related to the method used and the consequence on the final estima-
tion needs to be discussed in a further workshop. 
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4 Available tools 

Tools are currently being developed by some institutes or research groups to investigate the 
sampling and to calculate precision in the biological data. Here is a presentation of the tools 
used during the Workshop. 

4.1 Casa 
• Main objectives 

This tool called Casa is documented in WD “Notes on R package “casa” (catch-
at-age sampling analysis) by E. Jardim, P. Sampedro and V. Trujillo”, allows to 
estimate catch-at-age and precision levels of length and age sampling in terms of 
coefficients of variation. 

• Methods 
Methods applied are: analytical and non-parametric bootstrap approaches that 
were described in the report of WKSCMFD (2004). In the future, it is planned to 
include other new approaches, e.g.: Bayesian methods. 

• Environment 
This package is developed in R environment with S4 classes (objected oriented 
program). 

• Advantages and disadvantages 
The use of this tool is quite automatic, though it requires knowledge of program-
ming and statistics. On the other hand, the input data needs to be set-up in the 
right format in advance. 

• Other applications 
Casa could be used as a tool for quality control and to optimise sampling design. 

4.2 Excel spreadsheet 
• Main objectives 

The principal objective of the Excel spreadsheet is to decompose the estimator 
used for exploratory analysis and the precision estimation of a length structure. 

• Methods 
The formulas used are described in a Working Document available in annex of 
2004 WKSCMFD (Vigneau and Mahevas, 2004) 

• Environment 
The template is a Microsoft Excel spreadsheet. 

• Advantages and disadvantages. 
The main advantage is that the description of the method is very didactic. 
The disadvantage comes from the non-dynamic particularity of the spreadsheet 

• Other applications 
The dynamic use of this method is developed in the S-plus package described be-
low. 

4.3 S+ package 

• Main objectives 
The package proposes different modules that allows 

Importation of data 
Exploratory analysis 
Single strata precision calculation using analytical method 
Complex strata precision calculation using bootstrap calculation 

The main objective of the package is to investigate in the sampling data col-
lected and propose a precision estimation by length or age class, a precision 
estimator between and within strata using the 90% rule (see section 1.5). 

 



ICES WKSDFD 2005 ¦  11 

This package has been used to explore the data of the two case studies ana-
lysed in section 5. 

• Methods 
The length data analysed are samples composed of number at length and total 
weight sampled. Various descriptive variables are included in the data set 
like gear, métier, date, area, harbour, to allow different combination of strata. 
For one given species, the software is designed to analyse: 

Sampling of the vessel catch sorted by commercial categories. 
Sampling of unsorted vessel catch. 
Sampling of commercial categories. 

The formulas used are described in a Working Document available in annex 
of 2004 WKSCMFD (Vigneau and Mahevas, 2004). 
The age data analysed are Age–Length keys. The formulas used are those 
developed by Kimura (1977). 

• Environment. 
The software has been developed in a Guide User Interface (GUI) with S-
Plus version 6.1. 

• Advantages and disadvantages. 
The advantage of such a tool is to help the people in charge of sampling to 
scrutinise the data. It allows the search of outliers, errors, possible bias, 
empty cells, and distortion of sampling intensity per strata and proposes dis-
aggregated results per strata. 
The exploratory analysis, with the GUI environment is very dynamic and 
easy to use. 
The disadvantages are: 

The impossibility to run the software out of S-Plus environment and 
with version anterior to 6.1. 
The bootstrap of the combination of the length structure and the age–
length key respecting the process of the age structure elaboration for as-
sessment purpose gives erratic results. 

• Other applications. 
In IFREMER (France) where the S-Plus package is used, the sampling data is 
centralised in a database that is a data management warehouse. The S-Plus 
package is based on a special extraction of this centralised database. The fu-
ture development of the centralised database will be the inclusion of all the 
modules of the S-Plus package in a press-button like software. 

4.4 Comparing ALKs 
• Main objectives 

This tool has been presented to this Group as a WD: “A simple model to 
compare ALKs by Hans Gerritsen”. 
This tool allows to compare ALKs and it can be used to fulfil missing values.  

• Methods 
An ALK is a multinomial data set, which can be expressed as binomial data 
in the form of pairs of consecutive age classes. This allows a binomial GLM 
to be fitted to the data. The model might also be expanded to take into ac-
count the changes over time in the ALK by fitting the same data using a 
GAM but with the factor ‘time’ as a smooth term. This would improve preci-
sion and remove the necessity to stratify aged data by quarter. 
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• Environment 
A routine to fit and check the model is developed in the R-environment but 
the method is simple and it could easily be performed using any statistical 
package. An excel spreadsheet is also available which fits the logistic curves 
to ALK data and can be used to fill in missing data but cannot be used to 
compare ALKs. 

• Advantages and disadvantages 
The main advantages are the simplicity and robustness of the model and 
transparent assumptions. The main disadvantage is that many age classes are 
represented twice in the dataset (as the age classes in consecutive pairs over-
lap). Therefore the degrees of freedom of the null model will be overesti-
mated. The binomial approach is therefore not entirely appropriate. 

• Other applications 
Another application is to check ALKs and how they might be combined. 

4.5 Bootstrap method for biological parameters INBIO 
• Main objectives 

The main objective of this tool (called INBIO) is to estimate uncertainty of 
some biological parameters as growth (age vs. length and age), maturity (by 
length and age), sex-ratio and length-weight relationship curves using an 
automatic procedure. Documented in WD “A simple tool to calculate bio-
logical parameters by P. Sampedro, M. Sainza and V. Trujillo” 

• Methods 
The methods used to determine the uncertainty of biological parameters is 
non-parametric bootstrap on different models and fits, namely: 
• Growth at age ( vs. length and weight): 

von Bertalanffy. Non-linear estimation w. minimum least squares 
(Gauss-Newton (G-N)). 

• Maturity (length and age): 
GLM. Logistic function. Binomial errors w. maximum log-
likelihood fit. 

• Length – weight relationship: 
Standard. Non-linear estimation w. minimum least squares (G-N). 

• Sex-ratio (length and age): 
No model. Percentage by length and age. Cubic spline to plot. 

The statistics adopted for each estimate were: median and coefficient of 
variation. For all the estimates has been plotted their probability profiles 
(“density’s functions”) and some plots of model’s residuals (model error) to 
check visually: autocorrelation, homo/hetero-cedasticity, outliers and/or ex-
treme values, linearity and normality. 

• Environment 
The routine has been developed in R environment. 

• Advantages and disadvantages 
The main advantages of this tool are: 
• Give estimates of uncertainty levels (precision and bias) for main pa-

rameters. 
• Non dependent of any assumption on statistical distribution (non-

parametric). 
• Easy to implement and well-known: 

It can be used as a tool for quality control. 
It can be used to optimise sampling designs and sampling intensi-
ties. 
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It can be used for exploratory model analysis. 
• Allow us to compare uncertainty levels between Countries/Institutes. 
One disadvantage of this tool could be the knowledge on methods used. 

• Other applications 
Other applications of this tool could be the development of quality control 
and optimisation of sampling design. 

4.6 Economic information 

• Main objectives 
The goal of this tool (called IREPA software) is to estimate the total produc-
tion of fish, total value of fish production and the average producers’ price by 
species and by area of catches. It is more documented in WD “Italian sample 
survey for landings statistics: links with the biological sampling of landings 
by M. De Meo”. 

• Methods 
The program is divided in three main Modules: 
• Module 1: Data Control. It is employed to minimize non-sampling er-

rors. 
• Module 2: Sampling Procedure. It uses the proportional probabilities to 

size methodology. Sample size in each strata uses Bethel’s procedure 
and it selects units using Hanurav-Vijayan’s algorithm (for references, 
see DeMeo, 2005). 

• Module 3: Estimates and Precision level. This module uses the Horvitz-
Thompson estimator, allowed by Hanurav-Vijayan’s algorithm, to esti-
mate total production of fish and its total value. It is applied an analytical 
approach using the Sen-Yates-Grundy model, to calculate the coefficient 
of variation of the former estimates. 

• Environment 
This software has been developed in Statistic Visual Basic. This program-
ming language is included and it runs in STATISTICA v. 6 (StatSoft). 

• Other applications 
This tool, with some modifications, can be applied to the biological sampling 
too. 

4.7 Bayesian analysis 

• Main Objectives 
To analyse any sampling design in order to estimate catch-at-age and to give 
a correct measure of precision.  

• Methods 
A Monte Carlo Markov Chain sampler written in C++ with a Splus interface. 
The program implements a Bayesian hierarchical modelling approach de-
scribed first in Hirst et al. (2004) and further developed since. 

• Advantages and disadvantages 
The model can estimate catch-at-age and precision for any known sampling 
scheme, without the need for filling in missing cells or merging strata. Age 
reading errors can also be accounted for. There is no need to modify the 
sampling scheme in order to make a bootstrap useable.  
The main disadvantage is that it is difficult for a non-statistician to under-
stand the methodology, and to evaluate the assumptions. 

• Environment 
A C++ program within Splus. The Splus interface has been partially rewrit-
ten in R in order to improve availability. 
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Many Countries/Institutes have developed their own applications to manage fisheries’ sam-
plings. As some examples of different kinds of tools developed, it is presented: 

4.8 Other tools implemented 

CEFAS 

An important step in assessing a sampling scheme is to compare the distributions of the sam-
ples and the landings. 

CEFAS is developing a flexible internet mapping server, called iSEA, to display and query its 
fisheries and environmental data. 

The first version of iSEA is available to use on the CEFAS website at: www.cefas.co.uk/isea 
and an overview article is available at www.cefas.co.uk/coastmap/coastmap6.pdf. This article 
is reproduced as a WD titled: “CEFAS iSEA Mapping server”. A second version of iSEA is 
due for release in April 2005. This will have improved displays and summaries, variable levels 
of access for different users and the ability to view the data used to produce each display. 

In the future, by linking the CEFAS sampling and landing databases to the mapping server it 
will be a useful tool to study how representative sampling is in space and time. Also, as iSEA 
is designed for use on a range of datasets, it could include international data and be used by 
other countries. 

IEO 

IEO has developed its own application called SIRENO (Integrated System of Natural Oceanic 
Resources) for storage and processing of the information from whole fishing activity of Span-
ish fleets operating in European Atlantic waters. 

This software now enables the management of all basic information in fisheries research 
(landings, efforts, market samplings, biological samplings, observers on board, etc.) and gives 
us all the information processed for the most relevant strata and aggregation level (species, 
different data periods, gears, areas) including precision levels using analytical and bootstrap-
ping approaches. The reports generated from this application are made in ASCII format and 
they are easy to import into the most usual commercial software suites. 

SIRENO is based on a relational database environment/platform. The software has been de-
veloped with ORACLE’s tools. It can be executed in Internet/Intranet environments. The da-
tabase is located in a server computer, under the operative system Unix (Application Sever) 
and Windows NT (Database Server), i.e.: one computer works as program server and the other 
is used as a database server. In these servers, there are programs and necessary software to put 
them automatically in the web. Both equipments are located at IEO’s headquarter in Madrid. 
Users in coastal laboratories, they only need to have access to internet and use a standard I 
nternet browser. The safety of the program is established with an access policy controlled by a 
firewall. 

 

http://www.cefas.co.uk/isea
http://www.cefas.co.uk/coastmap/coastmap6.pdf
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Tools Objectives Methods Coded Advantages Disadvantages Availability 

Casa Catch at age 
estimates  and  preci-

sion 

Analytical 
Bootstrap 

R (S4,obj. 
oriented) 

Well structured 
Fast and Flexible 

Learning curve 
Slightly tough 

Open Source 
GPL 2 

Add-on 
Excel 

Exploratory analysis 
 and  

precision to lengths 

Analytical MS Excel Didactic Non-dynamic  

S+ pack. Exploratory analysis 
 and  

precision estimates 
on length and age 

Analytical 
Bootstrap 

S+ Visual EDA Need some more 
development 

Source free 
shareware 

Comp. 
ALKs 

Comparison ALKs 
Filling missing data 

 

GLM R Relatively sim-
ple and robust 

Binomial approach 
not entirely appro-

priate 

Open Source 
GPL 2 

INBIO Main biological es-
timates  and  preci-

sion 
 and  bias 

Non-linear (G-N) 
GLM 

Cubic spline 

R Simple, Fast 
and Easy 

Methods’ under-
standing 

Open Source 
GPL 2 

IREPA Estimates of total 
production and total 

value 

Analytical Statistica 
Visual 
Basic 

Easy and 
Friendly 

Complex formula-
tion 

Proprietor 
Software 

 

Bayes Bayesian analysis for 
catch-at-age and 

precision 

Hierarchical 
model 

Splus, 
C++ 

Can analyse and 
sampling design

Complex theory Proprietory 
software 

Table 4.1. Summary of presented tools. 

4.9  Discussion 

The question of the tool is more important than one could think at a first sight. It can even turn 
to be a central issue in the future. During this workshop, demonstration has been made that 
running appropriate software is essential to avoid bias, learn about one’s own sampling and 
improve the sampling design It is likely that it would be a waste of time, money and energy if 
every country was developing its own software for analysing its own data. The convergence of 
all the sampling methods (see section 2 and 3) into a short list of options will help a lot in us-
ing a common tool. 

The group has come to the point that the best way to deal with this problem was to develop an 
open source software on a common platform using the outcomes of WKSCMFD (ICES, 
2004a) and the outcomes of this workshop. This software would be a package containing dif-
ferent methods (freeware, shareware, open source, hidden source, …) able to work on the ex-
isting sampling designs and covering all the needs. The first step of this process would be to 
agree on a common data format and start to implement the data frame. Ernesto Jardim (Portu-
gal) has proposed to initiate this concept and build the necessary framework of such a soft-
ware. 

If the use of this kind of tool can be made in such a workshop mixing statisticians and people 
aware of sampling coming from each of the Member States, the development of the methods 
have to be made intersessionally. The group draws the attention that letting people develop 
their own methods for this common platform alone in their lab without any collaboration is not 
the best solution. A framework between very few statisticians has to be found. 
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5 Case studies 

5.1 Exploratory analysis 

5.1.1 Introduction 

After the data has been collected, some investigation needs to be carried out to control the 
quality. Using the S+ package (see section 3) two case studies are analysed, the hake in ICES 
Division VIIIa and IXc sampled in 1999 and the Baltic cod sampled in 2003. 

The first idea is to control the adequation between the sampling intensity and the landings. 
This analysis can help to improve future sampling for the same purpose by optimising the 
sampling allocation and point out some possible weakness in the current sampling plan. 

The second analysis gives the within strata percentile boxplot of the number of individuals 
sampled per unit, the sample weight per unit and the individual weight per sample. From the 
sampling theory stating that each sample must be representative of the whole population sam-
pled, it can be informative for the sampling manager to have a quick look at the median of the 
number of individuals per sample. In case of a commercial category sampling, the boxplot of 
the individual weight per sample shows the adequate splitting and the magnitude of overlap-
ping of the categories. 

The following step is to draw the samples with the method given in a Working Document by 
Vigneau and Mahevas (WKSCMFD, 2004a). This method resumes one sample by one point 
and is able to point out possible outliers, possible misallocation of strata and enables to search 
for pattern or patches in the sampling that would show a problem in the stratification. This real 
exploratory of the data ca be done for a given range or the total range of length classes, a 
given number or the total number of strata, the samples can be sorted according to any avail-
able covariable and coloured according to any second covariable. This flexibility of use im-
plies to settle the problem to address before running the analysis. The search of an outlier is 
done by running the analysis on all the length classes and all the strata, which always corre-
sponds to the first intuitive run. Pointing out differences between two gears in catching small 
individuals will be another run with only the smallest lengths and the two gears to consider, 
etc. 

The precision of a length structure can be resumed with one value (see section 1.4) making it 
possible to graph the CV's per strata. This graph is informative to check the homogeneity of 
the sampling and points out potential overstratification and its resulting problems of poor pre-
cision or poor sampling in some of the strata. 

5.1.2 Exploratory analysis for hake 1999 

Length data are from Portuguese and Spain based on market sampling and correspond to the 
entire landings from the stock. Sampling was carried out by gear category and numbers at age 
were estimated by vessel. Two gear categories were used: 1) trawls and 2) gill netters, long 
liners and multigears merged in one category called artisanal fleet. 

Sampling intensities vs. landings distribution (Figure 5.1) shows that the sample sizes were 
representative of the landings. 

In the case where the sampling is done by gear categories or métier and the landings are sorted 
by commercial categories, there is the need to sample each of the landed categories of the ves-
sel in order to estimate the length composition of the sampling unit which corresponds to the 
sampled trip. Doing so, the resulting sample corresponds to the total landings of the vessel and 
leads to much heterogeneity in the number of individuals per sample. It is the case for hake 
and it is shown in Figure 5.2. 
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The plots of delta values can be studied by looking at the individual values and the general 
patterns. Figure 5.3 shows that there is a very low delta value (bottom right corner of the 
graph), regarding an artisanal haul that contains much less fish than expected from the average 
distribution. The length distribution (Figure 5.4) shows that this is a haul that contained much 
bigger fish than expected. Omitting this observation and re-analysing data might show differ-
ences between the two gear categories. 

Re-analysis without the outlier observation is described in Figures 5.5 and 5.6. The pattern of 
observations in Figure 5.5 shows little evidence of changes in length distribution by quarter as 
the values are centered on zero in all quarters. Figure 5.5 clearly shows a difference in the 
distribution of delta values for trawls and artisanals. Artisanals are likely to catch bigger fish 
than trawls and this effect is stronger in the third quarter. 

The CV estimations by quarter, gear and area shows a very homogeneous sampling (Figure 
5.6). The CV are approximately at the same level, showing that the sampling effort was suita-
bly distributed between all the strata. 
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Figure 5.1 Sampling intensities vs. landings distribution. 
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Figure 5.2 Distribution of the number of fish sampled, weight sampled and mean weight per fish in 
a sample. 
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Figure 5.3 Delta value estimations for each haul, by quarter (1-4), coloured by gear (1: trawls, 2: 
artisanals). 
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Figure 5.4 Observed (bars) and expected (red line) length distributions for observations with larg-
est delta values.  
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Figure 5.5 Delta value estimations for each haul (without the outlier observation) by quarter (1-4) 
and coloured by gear (1: trawls, 2: artisanals). 
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Figure 5.6 CV estimations as % percentage by quarter (1-4), gear (1: trawls, 2: artisanals) per area 
(ICES division: 8C, 9a) for all strata.  

5.1.3 Exploratory Analysis for Baltic cod 2003 - Length samples 

An exploratory analysis of length sampling for Baltic cod 2003 was carried out using length 
data from Swedish on-board sampling with haul as the sampling unit. Sampling is carried out 
on commercial fishing vessels targeting cod in the Baltic Sea. Within the Baltic, cod is sepa-
rated into two stocks, one eastern stock (subdivision 25-32) and one western stock (subdivi-
sion 22-24). The Swedish sampling is stratified by quarter, area and gear. Area is defined as 
subdivision (23, 24, 25, 27) and gear defined as otter trawls (OTB), gillnets (GNS) and longli-
nes (LLS). On each trip sampling is carried out on a haul-to-haul basis, both discards and the 
retained part of the catch is measured. The retained part of the catch is sampled by size cate-
gory (1-5), while the discards are treated as one category. 

Figure 5.7 shows the sampling programme was consistent across the three gear types with the 
same numbers and weights of landed fish sampled. Figure 5.8 shows sample sizes of discards 
increased from gillnets, to longlines, to otter trawls. This reflects the amounts discarded by 
these gears. The mean weight of sampled fish is the same for the three gears but is higher for 
discards than landed fish. 

The plots of delta values can be studied by looking at individual values and general patterns. 
Figures 5.9 to 5.11 highlight a small number of OTB hauls that contained many more fish than 
expected from the average distribution. Checking the data set showed these were not data en-
try errors. They were genuine observations with unusually large catches of small fish. There is 
also one value with a very low delta value (bottom left corner of graphs), this is a haul with 
total weights recorded which was not sampled. 

The pattern of observations in Figure 5.9 shows little evidence of changes in length distribu-
tion by quarter as the values are centred on zero in all quarters. There is no noticeable differ-
ence in the delta values for landings and discards, this is surprising because discards have a 
smaller mean length. On average, within a haul, mean length is 13 cm less for discards 
(range – 4 to 28 cm). There is a small range in delta for the discards due to a combination of a 
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small length range and less weight being discarded than landed. It is likely that the difference 
of sampling weight between discards and landings explain the fact that the points correspond-
ing to the discards in Figure 5.9 are all close to 0. Figure 5.10 shows some differences be-
tween the gears which support stratification by gear. OTB had lower mean length (larger delta 
values) and GNS higher mean length. 
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Figure 5.7 Landed fish. Distribution across hauls of the number of fish sampled, weight sampled 
and mean weight of sampled fish. 
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Figure 5.8 Discarded fish. Distribution across hauls of the number of fish sampled, weight sampled 
and mean weight of sampled fish. 
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Figure 5.9 Delta value for each haul, by quarter (1 – 4), coloured by discards or landings. High 
values represent more fish observed than expected for the sample weight or smaller fish than the 
average distribution. 
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Figure 5.10 Delta value for each haul, by quarter (1 – 4), coloured by gear type.  
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Figure 5.11 Observed (bars) and expected (red line) length distributions for observations with 
largest delta values.  

5.1.4 Exploratory analysis – Baltic cod – aged data 

The aged data in the Baltic cod data set was collected with simple random sampling within a 
market size category and not collected as an age length key, so differences between the areas 
and gear types can be explored using the tool described in the working document “A simple 
model for comparing age–length keys and filling in missing data”. 
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Removal of outliers 

The data were summarised as sample numbers at age by quarter. In this way outliers can be 
detected and removed if they distinct from the main size range at age. The outliers here are to 
be seen as data that would bring extra noise and uncertainty to the model, not as errors in the 
data set. Figure 12 shows the outliers that were removed highlighted in yellow. 

Age class / Quarter
0 2 3 4 5 6 7 8 9

L 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
34 1 1 2
35 3 4 1 1
36 1 3 1 7 9 3 1 1 1
37 1 5 3 16 19 6 11 11
38 1 9 5 39 25 9 12 1 8 1
39 7 6 36 20 18 22 4 10 1 1 1
40 1 12 3 39 28 33 33 6 14 1 3 2 1
41 1 7 12 39 33 29 42 9 19 4 2 1
42 5 10 29 33 25 37 20 17 5 1 2 1
43 7 5 37 30 39 53 19 25 7 5 1 1
44 5 5 37 33 44 44 21 35 4 5 2 5 1 1
45 1 10 11 35 37 51 44 25 26 8 7 3 5 4
46 9 5 28 30 48 47 40 33 9 8 9 5 1
47 4 1 20 32 36 42 31 33 10 8 3 7 1 1 1
48 5 1 19 28 49 44 37 42 13 8 15 9 1 1
49 4 2 15 22 36 45 47 40 10 21 8 6 4 1 1
50 1 5 3 10 12 30 41 44 30 14 26 8 8 1 2 1 2
51 2 1 5 5 21 28 30 32 9 15 11 9 4 1
52 2 5 4 9 12 36 31 22 12 19 8 6 5 2 1
53 2 1 2 2 12 20 15 15 10 16 11 6 4 5
54 1 1 1 2 11 12 21 12 17 10 8 3 1 1 1
55 1 1 2 2 7 5 18 17 12 12 7 8 1 2 2
56 6 2 8 6 15 16 12 14 7 5 1 3 1
57 1 3 5 7 10 8 8 5 7 12 1 2 1
58 3 7 2 7 7 6 5 10 11 4 2 2 1 1
59 3 3 3 9 7 10 12 5 9 3 1 1
60 1 4 5 8 7 11 10 13 13 5 2 2 1 1
61 3 3 11 5 15 9 14 10 2 2 1 3 2 1
62 1 2 2 8 15 6 15 11 12 4 2 1 6 3 1
63 1 2 2 9 11 3 15 14 11 1 2 4 1 3 1
64 1 1 1 1 9 10 6 6 17 17 6 5 7 7 2 2 1
65 1 1 3 10 2 11 14 13 6 7 4 4 3 1
66 1 1 4 8 9 15 6 15 4 4 4 6 1 2 1
67 1 1 8 6 9 8 9 17 6 13 5 5 2 2
68 1 6 7 8 14 6 12 12 6 6 4 1 1
69 3 2 4 15 6 4 24 12 8 6 11 5 4 2 1
70 2 2 5 5 7 21 9 3 5 13 2 5
71 6 2 9 8 5 7 4 7 9 4 3 4 1 1 1 1
72 1 2 8 3 8 11 12 9 5 5 1 3
73 1 1 3 4 5 5 8 3 10 7 1 3 1 1
74 1 2 5 2 5 7 3 7 7 5 3 4 1 1
75 1 1 5 5 10 2 9 7 13 5 2 5 2 2 2 1
76 2 2 5 3 5 4 3 8 5 2 6 1 3 1 1
77 1 2 2 6 3 8 9 12 4 4 4 2 1 1 1
78 2 1 3 1 7 4 9 2 2 4 1 1 1 1 1
79 3 2 5 1 7 6 11 3 2 5 1 1
80 2 4 10 4 7 2 4 2 3 1 1 1
81 2 3 3 3 3 7 3 2 6 3 1 2
82 1 3 7 7 10 4 4 9 4 2 1
83 1 2 4 5 6 2 9 2 2 2 1 1
84 1 1 2 5 6 1 1 4 3 2 1
85 1 1 5 1 4 1 2 3 4 2 3
86 1 1 1 5 10 3 8 3 4 2 1 1
87 3 1 5 2 1 6 5 3 1
88 1 4 1 6 2 3 5 1 2 2 2 1 1 1
89 1 1 2 2 3 4 5 2 2 1 1 1 1 1
90 2 1 3 6 2 2 1 1 1 1
91 2 2 1 3 4 1 1 2
92 1 1 1 5 2 2 2 1 3 1
93 2 1 2 2 2 1 1 1
94 1 1 1 1 6 3
95 1 1 3 3 2 1 1 1 1
96 1 4 2 3 1 3 1 2
97 1 1 1 1 1
98 2 1 3 2 2 1
99 1 2 1 1 1 1

100 1 1 2 1 1 2 1 1 1 1
101 1 1 1 1
102 3 2
103 1 1 1 1 1 1
104 1 3 1 1
105 1 1
106 1 1 1 1
108 1
109 1
110 1 1
111 1
114 1 1
116 1
119 1

10 11 12 13

 
Figure 5.12 

The aged dataset was analysed for differences between areas and gears. Data were available 
for four quarters, two gear-types (trawl and gillnet) and two areas (subdivision 25 and 27). 

5.1.4.1 Differences between the areas:  

For the gillnet data (Figure 5.13) there were significant differences between the areas for all 
quarters (p<0.001; p<0001; p=0.07; p=0.01). In subdivision 27 there appear to be more young 
fish (age 3) at length than subdivision 25. This is quite consistent in all quarters, although data 
is sparse for Q3 and Q4, therefore the model could only be fitted over a few age classes. 
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  Q3, p=0.07    Q4, p=0.01 
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Figure 5.13 Gillnet in subdivisions 25 vs. 27. 

In quarter 1 (Figure 5.14) there was no difference between the areas for trawl gear (p=0.59), 
for the other quarters there was no trawl data available for subdivision 27.  

Q1, p=0.59 
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Figure 5.14 Trawl gear in subdivisions 25 vs. 27. 

5.1.4.2 Differences between gear types:  

In area 25 there were significant differences between the gear-types for the first two quarters 
(p<0.001; p<0.001) with more young fish at length in the trawl catches. (e.g. at in Q2 fish of 
40 cm in the trawl catches are nearly all age 3, while fish of the same length in the gillnet 
catches are around 50% age 3 and 50% age 4). In the last two quarters there are no significant 
differences. The differences in the first two quarters might be related to spawning activity 
where the gillnet gear would catch more mature fish or target spawning areas more specifi-
cally than the trawl gear. Alternatively, there could be a vertical behaviour component where 
older fish might be found in other depth layers than younger fish. However, this effect is not 
seen in area 27. 
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Figure 5.15 Area 25, gear-types gillnet and trawl. 

In area 27, no significant differences between the gear-types was found in Q1 (p=0.91; no data 
for trawl gear in other quarters). 

 Q1, p=0.91 
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Figure 5.16 Area 27, gear-types gillnet and trawl. 

5.1.4.3 Discussion on the method 

The question of comparing ALK is essential especially in the purpose of combining them to 
have more information on the poorly sampled length classes. With this method developed by 
Gerritsen (2005), ALKs from different gear-types appeared to be significantly different, which 
is against expectation if the same population is being sampled. In this case gear-type was 
probably a proxy for area and the different gear types would have sampled different segments 
of the population. 

A multinomial approach would be appropriate here and there is no need to reduce the data to a 
binomial form. (The binomial approach over-estimates the degrees of freedom (of the null 
model) as age classes are represented twice in the binomial dataset and is therefore not entirely 
appropriate. The assumptions of the model are based on the length distribution of the age 
groups (normality and equal variance). Therefore the model is based on length-given-age and 
not on age-given-length. However it works on proportions (more or less) and therefore the 
data themselves do no need to be normally distributed 

The GAM appears to be a good approach to take the time element into account as the current 
stratification into quarters is arbitrary and does not take into account the growth during the 
quarter and does not utilise the strong correlation with previous and subsequent quarters 
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It is possible to prove that two ALKs are different but it is impossible to prove that they are 
not. In any case the tool could still be used as an index of similarity between ALKs. 

5.2 Precision estimation 

In order to inform the choice of sampling design, we require knowledge of how the different 
sampling designs affect precision. Simulation trials are one method of estimating the effect of 
the sampling design. Another potentially informative approach is to compare precision esti-
mates from different countries, which have been calculated for different sampling designs 
using different estimation methods, to try to identify the causes of any differences. However, 
few precision estimates were available for this meeting. 

Therefore, as a first step towards comparing precision resulting from different sampling de-
signs, we attempted to compare precision estimates calculated using three different methods, 
for a case study stock: Baltic cod, using data collected by Sweden in 2003, described below.  

Substantial effort was required to format the data into the correct format for the analysis pack-
ages and we were not able to perform this for more than one data set in the time available 

5.2.1 Estimation Methods 

The three methods considered were as described in WKSCMFD (ICES 2004a), and the pack-
ages used to apply these methods at WKSDFD were coded in R and Splus. 

1. “analytical” method – based on sampling theory. 
2. bootstrap method – case resampling. 
3. Bayesian model based approach. 

5.2.2 Analysis of Baltic cod data 

The Baltic cod data consist of around 6000 age, length and weight samples taken as random 
samples from size classes within trips (i.e. no length stratification), and some 30000 length 
samples taken from a different set of size classes within trips. The length samples were taken 
at sea, and the ages at the port.  

5.2.2.1 Sampling Theory (“Analytical”) Method 

The sampling theory estimates were calculated using the stratified total estimator as described 
by Thompson (1992). The strata were defined by the combination of space, time, gear, and 
size category. The sampling unit was defined by combining date, vessel, and size category. 

Results are given in section 5.2.2.4. 

5.2.2.2 Bootstrapping Method 

The CV was estimated by bootstrap resampling, using trip as the sampling unit. The strata 
were defined by the combination of space, time, gear, and size category. One thousand boot-
strap resamples were taken, the catch-at-age estimated from each, and the CV for each age 
estimated as the CV of the bootstrapped catch-at-age estimates. 

Results are given in section 5.2.2.4. 

5.2.2.3 Bayesian Method 

The data were analysed using the Bayesian hierarchical model of Hirst et al. (2004) and also 
using a bootstrap method. The analysis was done on the age samples alone, then on the full 
data set. The model accounts for variation between the sampling units (here the size category 
within the trips), and also age reading errors.  
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The results are shown in Tables 5.1-5.4 and Figures 5.1 and 5.2: For the three largest age 
classes, the mean CVs for the four analyses are  

Age only 0.10 
Age only, age errors 0.11 
Age and length 0.09 
Age and length, age errors 0.13 

The main conclusions are: 

1. Adding the length data to the analysis did not reduce the CV, but it did change the mean 
catch-at-age. The reason for this is that the two sets of samples appear to be sampling dif-
ferent populations.  There is a higher proportion of large fish in the on-board length sam-
ples. Hence the catch-at-age of the older ages is increased when this data is included (and 
the catch-at-age of the younger fish is decreased accordingly). It would normally be ex-
pected that including more information would reduce the CV, but in this case the conflict 
between the two data sources adds uncertainty. 

It is not possible to make a direct quantification of the effect of adding length samples to age 
samples in our case. This is because the two sources of data are to some degree incompatible. 
Clearly it makes a difference to the estimates of catch-at-age if the length samples are in-
cluded, but it is not possible to say whether the estimates are better or worse. This can only be 
established by further investigation of the two sampling methods (i.e. why are more large fish 
sampled on board the boats?). Some possible causes are that the market sampling scheme over 
samples fish factories where small fish are more likely to be found, or that boats with a large 
number of large fish sometimes land their catch outwith the sampling area, or logistical prob-
lems to randomly choose boxes within piles of boxes at the auctions. 

2. Including the possibility of age reading errors also increases the CV, as would be ex-
pected, and also has a large effect on the means. The catch of the largest age increases by 
15% for the age-only data and by 10% when the lengths are used.  

Including an estimate of age reading errors makes an important difference to the mean catch-
at-age, and also to the CV. The implication of this is that more age samples are needed in or-
der to reduce this error (or possibly otoliths could be read more than once). It is also apparent 
that it is important to take this source of error into account in the analysis. 

5.2.2.4 Comparison of Methods 

The comparison of CVs is only possible for the analysis of age-only data with no age errors. 
The means were very similar, but the bootstrap CVs were considerably smaller at older ages, 
whilst the analytical CVs were small for ages with the largest samples.  

Age 2 3 4 5 6 7 8 9 10 
Bootstrap  0.12 0.14 0.05 0.11 0.12 0.14 0.17 0.33 0.32 
Bayesian 0.23 0.07 0.11 0.14 0.23 0.60 0.73 1.16 1.05 
Samp theo 0.16 0.03 0.05 0.19 0.25 0.34 0.61 1.38 1.29 

Note that these CVs are for estimates combined over gears and seasons, and are therefore not 
those that would be reported for stock assessment purposes. These would be for smaller strata, 
and would therefore be larger. 

5.2.3 Conclusions 
1. Although including length-only samples would usually reduce the CV to some ex-

tent, this does not happen in this example because the length-only data were col-
lected in a different way to the age and length data. These two sampling methods do 
not appear to be sampling the same population, and so one or both must be unrepre-
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sentative of the true catch. Until the reason for this discrepancy is established, there 
can be no correct analysis of the data. 

2. The CVs are largest for the Bayesian method. It is known that bootstrapping tends 
to underestimate the variance, particularly when sample sizes are very small (as 
with the oldest age classes). The analytical method incorrectly assumes that the fish 
are all independent, and therefore does not take account of the large between sample 
variation in the data.  

3. Age reading errors are likely to add a very significant bias to the catch-at-age esti-
mates, though taking them into account does not appear to increase the CV greatly. 
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 Mean Sd CV 2.5% 97.5% 
<2 30586.92 42545.12 1.39 4317.70 169749.9 
2 690393.10 160569.42 0.23 446489.42 1061306.5 
3 8069614.43 578659.45 0.07 6927288.66 9139905.5 
4 3897206.75 422823.45 0.11 3095001.90 4765488.3 
5 953665.45 137425.05 0.14 704645.19 1186470.0 
6 193705.37 43941.61 0.23 135436.13 273534.8 
7 69406.54 41865.44 0.60 36075.33 202455.6 
8 45660.59 33375.48 0.73 21340.80 153441.6 
9 35287.53 40976.58 1.16 7847.55 181666.4 
10 38932.63 40866.04 1.05 15108.34 166657.0 
11 23586.75 35121.92 1.49 3777.75 118650.6 
12 35762.36 36128.34 1.01 11608.93 149911.2 
>12 30155.70 47392.39 1.57 7677.09 177064.6 
tot 14113964.13 555134.33 0.04 12942913.70 15249734.8 
Table 5.1 Landed numbers-at-age, sd, CV, and CIs. Age only data, no age reading errors. 

 Mean Sd CV 2.5% 97.5% 
<2 24136.20 31041.70 1.29 3316.06 116876.10 
2 50148.18 120050.69 2.39 4574.45 332288.19 
3 9307900.76 611331.38 0.07 7971909.57 10296837.69 
4 3700848.90 398140.04 0.11 2953896.97 4402425.98 
5 645292.92 103314.32 0.16 487973.52 846702.20 
6 155578.35 41015.22 0.26 102482.62 237959.53 
7 49953.47 35332.34 0.71 23149.43 158012.13 
8 35830.69 30343.06 0.85 11838.49 124358.52 
9 18667.32 27463.40 1.47 4231.08 113526.84 
10 27073.29 38594.88 1.43 6923.77 145813.33 
11 16979.19 27505.07 1.62 2786.01 98679.31 
12 22121.07 32668.62 1.48 5150.16 130496.23 
>12 16491.57 29576.90 1.79 2309.31 91711.30 
tot 14071021.91 428280.50 0.03 13216970.86 14873393.26 
Table 5.2 Landed numbers-at-age, sd, CV, and CIs. Age only data, age reading probability of er-
ror of 0.1 in either direction (e.g. a fish of true age 5 has a 10% chance of being read as 4, and a 
10% chance of being read as 6). 

 Mean Sd CV 2.5% 97.5%  
<2 20541.09 32512.35 1.58 4164.73 125649.9 
2 505939.31 138368.97 0.27 304442.87 761733.0 
3 5992103.84 424623.27 0.07 5189989.89 6724060.0 
4 2578998.23 230540.65 0.09 2140967.46 2994980.3 
5 692385.04 82103.33 0.12 549952.09 871089.3 
6 168884.17 36915.47 0.22 115337.57 254504.0 
7 155342.73 54286.17 0.35 85722.20 273520.2 
8 128654.01 57189.66 0.44 56918.79 268193.3 
9 45433.99 42390.92 0.93 11192.27 166059.6 
10 48186.10 45060.93 0.94 15924.84 199209.1 
11 31800.02 46977.78 1.48 5397.43 181949.8 
12 47399.98 48759.15 1.03 6098.28 194931.5 
>12 71160.59 42057.89 0.59 21855.90 184089.2 
tot 10486829.11 460076.44 0.04 9778320.07 11422562.2 
Table 5.3 Landed numbers-at-age, sd, CV, and CIs. Age and length data, no age reading error. 
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 Mean Sd CV 2,5% 97.5% 
<2 15805.53 29969.17 1.90 617.55 114504.2 
2 101900.46 68279.04 0.67 33915.90 268259.7 
3 6645581.39 559692.20 0.08 5518571.55 7566424.7 
4 2802135.33 395083.32 0.14 2115391.68 3665602.8 
5 640698.81 117052.64 0.18 480625.76 921857.2 
6 258659.87 73508.36 0.28 162535.46 398089.1 
7 194530.68 86284.25 0.44 80606.41 393534.6 
8 257593.28 81674.29 0.32 132347.46 436641.1 
9 69592.81 42742.22 0.61 16817.06 162792.9 
10 47431.03 40892.19 0.86 4787.28 160098.6 
11 96101.97 32197.53 0.34 47008.64 170649.7 
12 84598.94 43431.18 0.51 24248.39 188559.9 
>12 182864.82 74875.47 0.41 77350.41 352817.0 
tot 11397494.93 390350.03 0.03 10667019.51 12118525.8 
Table 5.4 Landed numbers-at-age, sd, CV, and CIs. Age and length data, age reading probability 
of error of 0.1 in either direction. 
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Figure 5.1 Precision at age for the Baltic cod age structure related to the scenario used and calcu-
lated by the Bayesian method. 
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Figure 5.2 Mean and CV for the Baltic cod age structure related to the scenario used and calcu-
lated by the Bayesian method. 

6 RECOMMENDATIONS 

• More stocks need to be analysed in term of precision to improve the knowledge 
on the quality of the current sampling. 

• It should be desirable to have a common dataset for some area to compare meth-
odologies. 

• The different existing tools should be assembled in a common “open source” tool 
based on a common data set format. The development of such a tool would con-
tribute on a coherent, collaborative and more efficient work. 

• A workshop involving only statisticians needs to be convened to address specific 
methodological issues like provide guidelines for elaborating and handling age 
length keys, calculate the precision related to the different sampling methods, … 

• The problem of sampling design is a follow-up process that needs to be addressed 
in a long run project-like forum. 

• The current workshop needs to shift to a user workshop involving tool developers 
and sampling managers in order to:  

a. explore countries datasets prepared in a specified format using the tools cur-
rently developed. 

b. propose improvements based on the outcomes of the exploration. 
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7 Summary of the working documents 

WD01 - A simple model for comparing age–length keys and filling in miss-
ing data 

Hans Gerritsen 

A method is presented to model age–length keys (ALKs) using a Generalised Linear Model-
ling approach. The (multinomial) aged data are presented to the model in pairs of consecutive 
age classes so they take on a binomial form (each observation belongs to one of the two age 
classes). The models can be used for a number of purposes, in the simplest form they can es-
timate proportions at age for length classes for which no age data is available. It is also possi-
ble to test whether two or more ALKs are significantly different. And finally the models might 
be expanded to Generalised additive models that could take changes over time or in space into 
account which could improve precision and even estimate ALKs for periods or areas where no 
sampling took place. 

WD02 - Italian sample survey for landing statistics: links with the biologi-
cal sampling of landings 

Michele De Meo 

In considering the methodologies used in the collection and compilation of fishery statistics in 
the member countries of the European Economic Area it is essential to keep in mind the large 
variation in the structure of the fishing industries in those countries. In particular, in Italy  
(generally for the Mediterranean) there are a very large number of fishing vessels making 
landings in a large number of mainly small landing places and disposing of their products in 
markets of a less formal structure than in the other countries. In this situation, to collect accu-
rate fishery data, it is impossible to observe the whole fleet, composed in Italy by about 15000 
vessels, and the best system appears to be that of sample surveys.  

A sampling procedure for biological parameters and related methods to estimate precision in 
length and age structure are affected by these considerations. In this context, the sample de-
sign for landings and effort data is to be considered the starting point for biological sampling. 

IREPA has developed a sample design and a software to collect and manage landing statistics; 
following this procedure, a representative sample of the whole Italian fleet has been identified. 
Nevertheless this representative sample cannot be used to evaluate the biological composition 
of landings because it would be too expensive, in time and costs. 

Consequently, it is suggested to select a sub-sample of the sampled vessels.  

Length and age structure of the landings individuals will be recorded in some randomly se-
lected fishing days.  

Finally, the coefficients of variation will be calculated taking into account the statistical meth-
odology for multi-stage sampling besides the guidelines produced by the WKSCMFD (ICES 
2004a). 

WD03 -A simple tool to calculate biological parameters uncertainty 

Paz Sampedro, M. Sainza and V. Trujillo 

Description of an automatic procedure to estimate uncertainty of some biological parameters: 
growth, maturation, sex-ratio and length-weight curves. A routine has been developed in R 
environment, which makes possible to fit the most usual models and to estimate the coefficient 
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of variation for parameters by using the non-parametric bootstrap methodology. The approach 
is illustrated by an application for Southern Hake stock. 
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Annex A: Stock disaggregated sampling strategy summary 
and related precision 
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Bel plaice Pleuronectes platessa IV 4303 Q1 - 1 4 & 5 10 4978 3% A & B Q1 - 1 4 & 5 ALK 10 331 25% A & B
NO Sandeel Ammodytes spp. IV,IIIa 29616 Q S 1 2660 Q S 1 ALK 286
NL Greater Argentine Argentuna silus VIa, VIIbc 2752 Q, S D - 6 347 B Q, S - - - direct, full 6 150 B
Ita Giant red shrimp Aristaeomorpha foliacea 1.3 251 Q S 1 2 14 675
Ita Giant red shrimp Aristaeomorpha foliacea 2.2 1187 Q S 1 2 34 1688
Ita Red shrimp Aristeus antennatus 1.3 221 Q S 1 2 9 434
Ita Red shrimp Aristeus antennatus 2.2 133 Q S 1 2 26 1306
Gre Bogue Boops boops 3.1 0 Y S 2 3 23 1150 A 2 3 ALK 20 500
NO Tusk Brosme brosme I-XIV 13373 Q S Q S
Fra Edible Crab Cancer pagurus  II, V, VI, VII (exc d), VIII, IX, X, XII, XI 6471 Q - 2 - 113 4375 - - - - -
UK Edible crab Cancer pagurus All (Excl IV,VIId) Q 27609
UK Edible Crab Cancer pagurus IV + VIId 0 Q 27549
Ire Edible Crab Cancer pagurus VI. VII 0 D 1358 B 0
Ire Herring Clupea harengus Celtic Sea 0 Q 8335 B Q direct 1123 B
NO NSS herring Clupea harengus II 440891 Q S 1 266 21451 Q S 1 ALK 101 7521
UK Atlanto-Scandian Herring Clupea harengus IIa + V Q 156 ALK 94
Sw Herring Clupea harengus IIIa 31457 Q - 2 0 70 3500 Q - 2 0 direct 70 3500
Est Herring Clupea harengus IIIb-d 6953 Q S 2 - 52 5200 - Q S 2 1 Direct 52 5200 -
Fin Herring Clupea harengus IIIb-d 63358 Q S 3 - 137 65503 Q S 3 - ALK 4240
Sw Herring Clupea harengus IIIb-d(sd22-24) 9876 Q S 2 0 40 2300 Q S 2 0 direct 40 2300
Sw Herring Clupea harengus IIIb-d(sd25-29) 29190 Q S 2 0 48 2490 Q S 2 0 direct 48 2490
Sw Herring Clupea harengus IIIb-d(sd30) 5224 Q - 2 0 13 1350 Q - 2 0 direct 13 1350

GFR Herring Clupea harengus IIIc22-IIId24 13886 S - 4 39 45908 A S - 4 ALK 39 5980 A
Est Herring Clupea harengus IIId, Gulf of Riga 19647 Q O, Gulf of 2 - 36 3600 - Q O, Gulf of 2 1 Direct 36 3600 -
Ire Herring Clupea harengus Irish Sea 0 Q 0 B Q direct 112 B

GFR Herring Clupea harengus IV 32337 Q - 1 64 21762 A Q - 1 ALK 8 1040 A
UK Herring Clupea harengus IV 0 Q - 12217 ALK 3163 A
NL Herring Clupea harengus IV + VIId 155628 Q, S D - 158 22163 B Q, S - - - direct, full 158 3950 B
NO Herring Clupea harengus IV,IIIa 124233 Q S 1 9123 Q S 1 Direct 3138
Ire Herring Clupea harengus Nor.Spring Spawning 0 Q 317 B Q direct 208 B
UK Herring Clupea harengus VIa 0 Q 1740 459
GFR Herring Clupea harengus VIId 9684 Q - 1 42 17329 A Q - 1 ALK 4 600 A
Ire Herring Clupea harengus West of Ireland 0 Q 8515 B Q direct 616 B
Fin Whitefish Coregonus lavaretus IIId 805 Q S 2 - 47 4168 Q S 2 - Direct 4168
Fra Grenadier Coriphaenoides rupestris  II, V, VI, VII (exc d), VIII, IX, X, XII, XI 9530 Q - 1 2 84 7060 A - - - ALK 661
UK Roundnose Grenadier Coryphaenoides rupestris All NE Atlantic Q 132 ALK 0
NO Lumpsucker Cyclopterus lumpus I-II 0 1
Fra Sea bass Dicentrarchus labrax  II, V, VI, VII (exc d), VIII, IX, X, XII, XI 3200 Q - 6 3 679 6136 Q - - - ALK 715
UK Sea Bass Dicentrarchus labrax All (Excl IV,VIId) Q 3905 ALK 1076
UK Sea Bass Dicentrarchus labrax IV + VIId 0 Q 3791 857
Fra Sea bass Dicentrarchus labrax IV + VIId Q - - 3 35 748 - -
Ita Eledone Eledone cirrhosa 1.3 1361 Y S 1 2 3 133
Ita Eledone Eledone cirrhosa 2.1 81 Y S 1 2 7 350
Ita Eledone Eledone cirrhosa 2.2 1110 Y S 1 2 4 205
Ita Eledone Eledone moschata 1.3 211 Y S 1 2 9 441
Ita Eledone Eledone moschata 2.1 2116 Y S 1 2 9 450
Ita Eledone Eledone moschata 2.2 1620 Y S 1 2 3 154
Ita Anchovy Engraulis encrasicolus 1.3 6237 Q S 1 167 8351 Q S 1 ALK 41 1013
Ita Anchovy Engraulis encrasicolus 2.1 30044 Q S 2 724 36178 Q S 2 ALK 95 2370
Ita Anchovy Engraulis encrasicolus 2.2 17092 Q S 2 72 3594 Q S 2 ALK 25 635
Sp Anchovy Engraulis encrasicolus IXa (Gulf of Cádiz) 0 Q 1 3 4 12166 - Q 1 1 1 ALK 1390 A,B
Sp Anchovy Engraulis encrasicolus VIII 0 Q 5 3 4 2072 - Q 5 1 1 ALK 1249 8% A,B
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LENGTH - sampling AGE - sampling

Fra Anchovy Engraulis engrasicolus 1.2 7360 S - - 4 2923 A - - - ALK 754
Gre Anchovy Engraulis engrasicolus 2.2 0 Y S 1 25 1250 A 1 ALK 13 325 A
Gre Anchovy Engraulis engrasicolus 3.1 0 Y S 1 55 2750 A Y S 1 ALK 21 525 A
Fra Anchovy Engraulis engrasicolus VIII 5873 Q - - 4 73 5506 8% A Q - - - ALK 8 1641 9% A
Ita Gurnard Eutrigla gurnardus 1.3 21                  Y S 1 1 2 50 Y S 1 1 ALK 1 25
Ita Gurnard Eutrigla gurnardus 2.1 451                Y S 1 1 3 125 Y S 1 1 ALK 5 125
Ita Gurnard Eutrigla gurnardus 2.2 46                  Y S 1 1 1 25 Y S 1 1 ALK 1 25
DK Cod Gadus morhua 22-24 7154 Q S 2 5 81 2819 11% A Q S 1 5 ALK 81 2737 3% A
DK Cod Gadus morhua 25-26 10918 Q S 2 5 44 1937 14% A Q S 1 5 ALK 44 1801 6% A
Fra Cod Gadus morhua 3Ps 3100 Q - - - 750 A - - - ALK 290

GFR Cod Gadus morhua II 5921 Q - 1 169 76038 A Q - 1 ALK 18 2159 A
NO Cod Gadus morhua I-II 193544 Q O, No 1 5 1014 157637 Q O, No 1 5 O, No 2 207 15459 5% BM, No 3
Sw Cod Gadus morhua IIIaN 495 Q - 1 5 12 486 B Q - 1 5 direct 12 486 B
DK Cod Gadus morhua IIIaS 727 Q S 2 5 37 1013 18% A Q S 1 5 ALK 37 1011 6% A
Sw Cod Gadus morhua IIIaS 582 Q - 1 5 22 740 B Q - 1 5 direct 22 740 B
Fin Cod Gadus morhua IIIb-d 1163
Sw Cod Gadus morhua IIIb-d(sd22-24) 2245 Q - 2 5 51 1268 B Q - 2 5 direct 51 1268 B
Sw Cod Gadus morhua IIIb-d(sd25-32) 12075 Q - 2 5 250 6082 B Q - 2 5 direct 250 6082 B

GFR Cod Gadus morhua IIIc22-IIId24 4404 S - 5 87 29613 A S - 5 ALK 18 4029 A
GFR Cod Gadus morhua IIId25-32 2598 S - 5 77 23928 A S - 5 ALK 14 3164 A
GFR Cod Gadus morhua IV 2134 Q - 3 116 2192 A Q - 3 ALK 13 576 A
NL Cod Gadus morhua IV 3886 Q 5 44 2166 B Q O - - ALK 40 1970 B
UK Cod Gadus morhua IV + VIId 0 Q - 61575 ALK 14631 -
NO Cod Gadus morhua IV,IIIa 5328 Q O,No 4 2274 Q O,No 4 ALK
Ire Cod Gadus morhua VI 0 Q D 4568 B Q ALK 813 B
UK Cod Gadus morhua VIa + VIb Q - 4342 ALK 1895
Ire Cod Gadus morhua VIIa 0 Q S 2652 B Q ALK 842 B
UK Cod Gadus morhua VIIa Q 9560 ALK 771
Fra Cod Gadus morhua VIIb-k 5020 Q - 2 5 208 2387 22% A Q - - - ALK 1124
UK Cod Gadus morhua VIIb-k (ex d) Q 6236 ALK 1273
Ire Cod Gadus morhua VIIb-k,VIII,IX,X 0 Q S 5027 B Q ALK 2506 B
Fra Lobster Homarus gammarus  II, V, VI, VII (exc d), VIII, IX, X, XII, XI 320 Q - 2 - 163 3965 - - - - -
Gre Lobster Homarus gammarus 3.1 0 Y S 1 3 24 1200 A Y S 1 3 direct 24 A
UK Lobster Homarus gammarus All (Excl IV, VIId) Q 7091
UK Lobster Homarus gammarus IV + VIId 0 Q 19277
Ire Lobster Homarus gammarus VI. VII 0 D 50 B 0
Ire Orange Roughy Hoplostethus atlanticus 0 1281 B ALK 288 B
Pt Four-spot megrim Lepidorhombus boscii 9a 12 S O(harbour) 7 219 15768 20% 1
Sp Four-spot megrim Lepidorhombus boscii VI, VII & VIIIab 0 Q 3 4 1 1788 - Q 3 1 1 ALK A,B
Sp Four-spot megrim Lepidorhombus boscii VIIIc & IXa 0 Q 5 2 1 128 13890 - Q 5 1 1 ALK 213 12% A,B
UK Megrim Lepidorhombus spp IV + VIId 0 Q 8909 324
Ire Megrim Lepidorhombus spp Vb,VI,,XII,XIV 0 Q S 3006 B Q ALK 1121 B
Sp Megrim Lepidorhombus spp VI, VII & VIIIab 0 Q 3 4 1 17764 - Q 3 1 1 ALK 1315 A,B
Ire Megrim Lepidorhombus spp VII 0 Q D 15336 B Q ALK 1969 B
Fra Megrim Lepidorhombus spp VII, VIIIab 3196 Q - - 5 441 13626 - - - - -
Sp Megrim Lepidorhombus spp VIIIc & IXa 0 Q 5 2 1 18162 - Q 5 1 1 ALK 264 A,B
Sp Megrim Lepidorhombus whiffiagonis VI, VII & VIIIab 0 Q 3 4 1 120 15976 - Q 3 1 1 ALK 1315 A,B
UK Megrim Lepidorhombus whiffiagonis VIa + VIb + Vb Q 18989 ALK 1994
Sp Megrim Lepidorhombus whiffiagonis VIIIc & IXa 0 Q 5 2 1 127 4272 - Q 5 1 1 ALK 51 20% A,B
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LENGTH - sampling AGE - sampling

NL Dab Limanda limanda IV 6960 Q - 25 2332 B Q O - - ALK 12 300 B
Pt Squid Loligo spp 9a 289 S O(harbour) 7 219 29127 25% 1
Ita Squid Loligo vulgaris 1.3 1079 Y S 1 2 4 203
Ita Squid Loligo vulgaris 2.1 435 Y S 1 2 6 300
Ita Squid Loligo vulgaris 2.2 554 Y S 2 2 7 354
Sp Squid Loligo vulgaris VIIIc & IXa 0 Q 5 3 1 2510 - Q 5 1 1 - A,B
Ita Black-bellied angler Lophius budegassa 1.3 329 Q S 1 3 3 103 Y S 1 3 ALK 4 89
Ita Black-bellied angler Lophius budegassa 2.1 266 Q S 1 3 8 375 Y S 1 3 ALK 0 0
Ita Black-bellied angler Lophius budegassa 2.2 798 Q S 1 3 3 155 Y S 1 3 ALK 5 114
Sp Black-bellied angler Lophius budegassa VI, VII & VIIIab 0 Q 3 4 1 147 6701 - Q 3 1 1 ALK 68 A,B
Sp Black-bellied angler Lophius budegassa VIIIc & IXa 0 Q 5 7 1 279 3753 - Q 5 1 1 ALK 221 15% A,B
Ita Anglerfish Lophius piscatorius 1.3 20 Q S 1 3 3 64 Y S 1 3 ALK 2 62
Ita Anglerfish Lophius piscatorius 2.1 38 Q S 1 3 2 75 Y S 1 3 ALK 0 0
Ita Anglerfish Lophius piscatorius 2.2 218 Q S 1 3 1 25 Y S 1 3 ALK 1 25
UK Anglerfish Lophius piscatorius IV + VIId 0 Q 16300 871
NO Anglerfish Lophius piscatorius IV,IIIa,VI 790 Q O,No 4 2 133
Sp Anglerfish Lophius piscatorius VI, VII & VIIIab 0 Q 3 4 1 149 8529 - Q 3 1 1 ALK 526 A,B
UK Anglerfish (Piscatorius) Lophius piscatorius VIa + VIb + Vb Q 15669 ALK 587
Sp Anglerfish Lophius piscatorius VIIIc & IXa 0 Q 5 7 1 215 6391 - Q 5 1 1 ALK 519 52% A,B

GFR Anglerfish Lophius spp IV 26 Q - 1 50 94 A
Ire Anglerfish Lophius spp VI 0 Q D 2827 B Q ALK 721 B
Sp Anglerfish Lophius spp VI, VII & VIIIab 0 Q 3 4 1 15230 - Q 3 1 1 ALK 594 A,B
Ire Anglerfish Lophius spp VII 0 Q D 25855 B Q ALK 1012 B
Fra Angler Lophius spp VII, VIIIabd 12861 Q - - 6 2253 29675 Q - - - ALK 5 1168
Sp Anglerfish Lophius spp VIIIc & IXa 0 Q 5 7 1 10144 - Q 5 1 1 ALK 740 A,B
Fra Skipjack Lutjanus purpureus COPACO (WECAF) S - 9196 - - - - -
Pt Blue whiting M. poutassou 9a 2652 S O(harbour) 7 322 39606 Q S All ALK 1134 20% 1
Ire Blue Whiting M. poutassou Combined 0 Q 2161 B Q 780 B
NL Blue Whiting M. poutassou VI,VII,VIII 76670 Q, S D - 72 13240 B Q, S - - - direct, full 72 1799 B
NO Capelin Mallotus villosus I-II 190000 Q O,No 4 1 Q O,No 4 1 ALK
NO Haddock Melanogrammus aeglefinus I-II 56437 Q O, No 1 5 744 99934 Q O, No 1 5 O, No 2 115 9323 17.40% BM, No 3
NO Haddock Melanogrammus aeglefinus IV,IIIa 11387 Q O,No 4 3536 Q O,No 4 ALK
GFR Haddock Melanogramus eglefinus II 814 Q - 1 46 12061 A Q - 1 ALK 7 563 A
Sw Haddock Melanogramus eglefinus IIIa 0 Q - 23 719 Q - direct 23 719

GFR Haddock Melanogramus eglefinus IV 1301 Q - 2 76 2254 A
UK Haddock Melanogramus eglefinus IV + VIId 0 Q - 98664 9650 -
Fra Haddock Melanogramus eglefinus IV, IIIa 817 Q - - 3 3 288 Q - - - ALK 645
Ire Haddock Melanogramus eglefinus VI 0 Q D 8171 B Q ALK 1287 B
UK Haddock Melanogramus eglefinus VIa+VIb+VII {not d}+VIII+XII+XIV 0 Q 26654 3745
Ire Haddock Melanogramus eglefinus VII,VIII,IX,X 0 Q D 13149 B Q ALK 3558 B
Fra Haddock Melanogramus eglefinus VIIb-k 4788 Q - 1 5 47 2022 23% B Q - - - ALK 8 1933

GFR Whiting Merlangius merlangius IV 278 Q - 3 53 447 A
NL Whiting Merlangius merlangius IV 2052 Q 4 42 5139 B Q O - 4 ALK 24 1200 B
UK Whiting Merlangius merlangius IV + VIId 0 Q - 76704 7994
Fra Whiting Merlangius merlangius IV+ VIId 8692 Q - - 4 34 2952 Q - - - ALK 7 2604
Ire Whiting Merlangius merlangius VI 0 Q D 2275 B Q ALK 460 B
UK Whiting Merlangius merlangius VIa + VIb + Vb Q 6643 ALK 1503
UK Whiting Merlangius merlangius VII (ex a,d) Q 9680 ALK 835
Ire Whiting Merlangius merlangius VIIa 0 Q S 777 B Q ALK 234 B
UK Whiting Merlangius merlangius VIIa 0 Q 3109 187
Fra Whiting Merlangius merlangius VIIb-k 1988 Q - 1 4 178 10463 Q - - - ALK 1554
Ire Whiting Merlangius merlangius VIIb-k 0 Q 15548 B Q ALK 3012 B
Fra Hake Merluccius merluccius 1.2 2022 S - 4 15 998 23426 A - - - ALK 376
Ita Hake Merluccius merluccius 1.3 4074 Q S 3 3 41 2026 Q S 3 3 ALK 22 543
Ita Hake Merluccius merluccius 2.1 2606 Q S 2 3 68 3400 Q S 2 3 ALK 34 842
Gre Hake Merluccius merluccius 2.2 0 Y S 2 3 15 750 A Y S 2 3 ALK 12 300 A
Ita Hake Merluccius merluccius 2.2 7978 Q S 3 3 44 2221 Q S 3 3 ALK 23 579
Gre Hake Merluccius merluccius 3.1 0 Y S 2 3 30 1500 A Y S 2 3 ALK 12 300 A
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LENGTH - sampling AGE - sampling

Pt Hake Merluccius merluccius 9a 1920 S O(harbour) 7 1272 133560 A S All ALK 630 10% 1
Fra Hake Merluccius merluccius IIIa, IV, VI, VII, VIIIab 10452 Q - 5 6 1078 24724 13% A Q - - - ALK 9 1756 - -
UK Hake Merluccius merluccius IV + VIId 0 Q 3798 0
Ire Hake Merluccius merluccius Vb,VI,VII,XII,XIV 0 Q S 7225 B Q ALK 1111 B
UK Hake Merluccius merluccius VIa + VIb Q 15861 ALK 717
Sp Hake Merluccius merluccius VIIIc & IXa 0 Q 5 10 1 316 34019 - Q 5 1 1 ALK 2426 14% A,B
Sp Hake Merluccius merluccius VI, VII & VIIIab 0 Q 3 4 1 354 54402 - Q 3 1 1 ALK 1821 A,B
UK Blue Whiting Micromesistius poutassou I - X Q 1131 ALK 423
NO Blue whiting Micromesistius poutassou I-X,XII,XIV 851395 S S 2 7948 S S 2 3560
Sp Blue whiting Micromesistius poutassou VIIIc & IXa 0 Q 5 10 1 19107 - Q 5 1 1 ALK 619 9% A,B

GFR Dab Microstomus kitt IV 712 Q - 3 89 10614 A
NL Lemon Sole Microstomus kitt IV 949 Q - 3 8 425 B Q - - 3 direct, 8 425 B
UK Lemon Sole Microstomus kitt IV + VIId 0 Q 9390 323
NO Blue ling Molva dypterygia I-XIV 547 Q S Q S
UK Ling Molva molva All NE Atlantic Q 444 ALK 103
NO Ling Molva molva I-XIV 13952 Q S Q S
Ire Ling Molva molva 0 Q 264 B Q ALK 260 B
Ita Red mullet Mullus barbatus 1.3 1804 Q S 2 2 28 1418 Q S 2 ALK 11 275
Ita Red mullet Mullus barbatus 2.1 3 018              Q S 2 1 80 4000 Q S 2 ALK 35 885
Gre Red mullet Mullus barbatus 2.2 0 Y S 1 3 12 600 A Y S 1 3 ALK 10 250 A
Ita Red mullet Mullus barbatus 2.2 8205 Q S 2 2 53 2630 Q S 2 ALK 27 665 7% A
Gre Red mullet Mullus barbatus 3.1 0 Y S 2 3 25 1250 A 3
GFR Red mullet Mullus barbatus II 82 Q - 1 9 2453 A
GFR Red mullet Mullus barbatus XII, XIV, 3634 Q - 1 59 51337 A Q - 1 ALK 38 713 A
Fra Stripped red mullet Mullus surmuletus  II, V, VI, VII (exc d), VIII, IX, X, XII, XI 1500 Q - 1 2 54 1561 - - - - -
Ita Stripped red mullet Mullus surmuletus 1.3 895 Q S 2 2 21 1063 Q S 2 2 ALK 11 264
Ita Stripped red mullet Mullus surmuletus 2.1 93                  Q S 2 2 14 700 Q S 2 2 ALK 7 167
Gre Stripped red mullet Mullus surmuletus 2.2 0 Y S 2 3 6 300 A Y S 2 3 ALK 6 150 A
Ita Stripped red mullet Mullus surmuletus 2.2 2120 Q S 2 2 52 2600 Q S 2 2 ALK 32 794
Gre Stripped mullet Mullus surmuletus 3.1 0 Y S 2 3 20 1000 A Y S 2 3 ALK 6 150 A
Fra Stripped red mullet Mullus surmuletus IV + VIId 2700 Q - - 5 17 870 - - - - -
Ita Nephrops Nephrops norvegicus 1.3 472 Q S 1 2 34 1714
Ita Nephrops Nephrops norvegicus 2.1 1484 Q S 1 2 70 3500
Ita Nephrops Nephrops norvegicus 2.2 2124 Q S 1 2 50 2521
Ire Nephrops Nephrops norvegicus Aran Grounds, FU17 0 O (FU) 5800 B 0
Ire Nephrops Nephrops norvegicus Celtic Sea FU 20-22 0 O (FU) 4800 B 0
Sw Nephrops Nephrops norvegicus IIIaN 0 Q O 38 10824 Q O
Sw Nephrops Nephrops norvegicus IIIaS 0 Q O 14 4958 Q O
Ire Nephrops Nephrops norvegicus Ireland NW Coast, FU 18 0 O (FU) 200 B 0
Ire Nephrops Nephrops norvegicus Ireland SW & SE Coast, FU 19 0 O (FU) 1400 B 0
Ire Nephrops Nephrops norvegicus Irish Sea East,FU 14 0 O (FU) 0 B 0
Ire Nephrops Nephrops norvegicus Irish Sea West, FU 15 0 O (FU) 14400 B 0
NL Nephrops Nephrops norvegicus IV 1102 Q FU5 4 24 10798 B - FU5 - - - B
UK Nephrops Nephrops norvegicus IV + VIId 0 Q FU 101738 0
Ire Nephrops Nephrops norvegicus Landings outside WG FU's, L 0 O (FU) 0 B 0
Ire Nephrops Nephrops norvegicus Landings outside WG FU's, M 0 O (FU) 0 B 0
Ire Nephrops Nephrops norvegicus Porcupine Bank, FU16 0 O (FU) 3200 B 0
UK Nephrops Nephrops norvegicus VI Q FU 99937
Sp Nephrops Nephrops norvegicus VI & VII 0 Q 2 2 1 10172 - Q 2 1 1 - A,B
UK Nephrops Nephrops norvegicus VII (EX d) Q FU 3829
Fra Nephrops Nephrops norvegicus VII (unités fonctionnelles) 3658 Q FU - 2 43 2860 15% A - - - - -
Sp Nephrops Nephrops norvegicus VIII & IX 0 Q 5 2 1 12490 - Q 5 1 1 - A,B
Fra Nephrops Nephrops norvegicus VIII, IX (unités fonctionnelles) 2839 S FU - 2 1183 18730 5% A - - - - -
Gre Octopus Octopus vulgaris 2.2 0 Y S 1 1 4 100 A Y S 1 1 direct 4 A
Gre Octopus Octopus vulgaris 3.1 0 Y S 1 1 6 150 A Y S 1 1 direct 6 A
Pt Octopus Octopus vulgaris 9a 1183 S O(harbour) 7 518 43512 10% 1
Sp Octopus Octopus vulgaris VIIIc & IXa 0 Q 5 3 1 6675 - Q 5 1 1 - A,B
Pt Flying squid Ommastrephidae 9a 147 S O(harbour) 7 25% 1
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LENGTH - sampling AGE - sampling

Pt Auxialliary seabream P. acarne 9a 1033 S O(harbour) 7 328 39032 20% 1
Ita Bream Pagellus erythrinus 1.3 547 Y S 2 2 6 305 Y S 2 2 ALK 6 152
Ita Bream Pagellus erythrinus 2.1 14 Y S 1 2 1 50 Y S 1 2 ALK 1 25
Ita Bream Pagellus erythrinus 2.2 803 Y S 2 2 8 400 Y S 2 2 ALK 8 211
NO Northern prawn Pandalus borealis I-II 34653 Q O,No 4 1 40627
Sw Pandalid shrimp Pandalus borealis IIIaN 2155 Q 1 2 Q 1 2
NO Northern prawn Pandalus borealis IV,IIIa 3987 Q O,No 4 1 628
NO King crab Paralithodes camtschaticus I 820 1
Ita White shrimp Parapenaeus longirostris 1.3 823 Q S 1 2 19 950
Ita White shrimp Parapenaeus longirostris 2.1 50 Q S 1 2 11 550
Ita White shrimp Parapenaeus longirostris 2.2 10673 Q S 1 2 72 3606
Fra Scallop Pecten maximus VIId 7360 A - 1 1 23 2050 Q - 1 1 D 23 2050
Fra Shrimp Penaeus subtilis COPACO (WECAF) S - 4156 - - - - -
Fin Perch Perca fluviatilis IIId 984 Q S 2 - 20 2804 Q S 2 - ALK 1209
Est Perch Perca fluviatilis IIId, Gulf of Riga 512 Q O, Gulf of 2 - 11 1050 - Q S 2 1 Direct 11 1050 -

GFR Flounder Platichtys flesus IIIb-d 1626 S - 20 15141 A S - ALK 20 4581 A
Est Flounder Platichtys flesus IIId 410 Q S 2 - 18 1800 - Q S 2 1 Direct 18 1800 -
Fin Flounder Platichtys flesus IIId 42 Q3,Q4 S 1 - 25 629 Q3,Q4 S 1 - Direct 25 629
Sw Plaice Pleuronectes platessa IIIaN 179 Q - 1 4 23 973 Q - 1 4 direct 23 973
Sw Plaice Pleuronectes platessa IIIaS 134 Q - 1 4 11 744 Q - 1 4 direct 11 744

GFR Plaice Pleuronectes platessa IV 3461 Q - 2 100 8785 A Q - 2 ALK 10 1107 A
NL Plaice Pleuronectes platessa IV 43743 Q 4 80 4560 B Q O - 4 direct, 80 4560 B
UK Plaice Pleuronectes platessa IV + VIId 0 Q 17705 1878
Ire Plaice Pleuronectes platessa Vb,VI,XII,XIV 0 Q S 2307 B Q ALK 427 B
Ire Plaice Pleuronectes platessa VIIa 0 Q S 6827 B Q ALK 532 B
UK Plaice Pleuronectes platessa VIIa Q 2816 ALK 334
Fra Plaice Pleuronectes platessa VIId 2536 Q - - 4 153 7789 13% A Q - - - ALK 8 1837
Fra Plaice Pleuronectes platessa VIIe 195 Q - - 4 6 136 - - - - -
UK Plaice Pleuronectes platessa VIIe Q 14724 ALK 2167
Bel plaice Pleuronectes platessa VIIfg 166 Q1 - 1 4 & 5 2 858 6% A & B Q1 - 1 4 & 5 ALK 2 144 45% A & B
Ire Plaice Pleuronectes platessa VIIfg 0 Q S 6835 B Q ALK 412 B
UK Plaice Pleuronectes platessa VIIfg Q 8248 ALK 895
GFR Saithe Pollachius virens II 2168 Q - 1 45 17411 A Q - 1 ALK 9 961 A
NO Saithe Pollachius virens I-II 148431 Q O,No 4 5 49312 Q O,No 4 5 O, No 2 4725
GFR Saithe Pollachius virens IV 8965 Q - 1 79 10505 A Q - 1 ALK 10 1983 A
UK Saithe Pollachius virens IV + VIId 0 Q 12995 5226
Fra Saithe Pollachius virens IV, IIIa 15008 Q - - 4 212 5596 8% A Q - - - ALK 8 1933 10% A
NO Saithe Pollachius virens IV,IIIa 61713 Q O,No 4 16262 Q O,No 4 ALK
Fra Saithe Pollachius virens Vb, VI, XII, XIV 3493 Q - 1 4 168 3529 Q - - - ALK 531
Ire Saithe Pollachius virens VI 0 Q D 432 B Q ALK 495 B
UK Saithe Pollachius virens VIa + VIb + Vb Q 1872 ALK 1061
Ire Saithe Pollachius virens VII,VIII,IX,X 0 Q D 1994 B Q ALK 473 B

GFR Turbot Psetta maxima IIIc22-IIId25 21 Q - 1 325 A Q - ALK 1 173 A
GFR Turbot Psetta maxima IV 261 Q - 2 43 595 A
NL Turbot Psetta maxima IV 2607 Q 7 24 1042 B Q O - 7 direct, 24 1042 B
UK Turbot Psetta maxima IV + VIId 0 Q 336 0
Ita Rays spp. Raja clavata 1.3 216                Y S 1 2 4 106
Ita Rays spp. Raja clavata 2.1 91                  Y S 1 2 1 30
Ita Rays spp. Raja clavata 2.2 294                Y S 1 2 2 75
Ita Rays spp. Raja miraletus 1.3 18                  Y S 1 2 5 128
Ita Rays spp. Raja miraletus 2.2 26                  Y S 1 2 2 75
Fra Ray Raja spp.  II, V, VI, VII (exc d), VIII, IX, X, XII, XI 2900 A - - 2 28 390 - - - - -
Sp Rays Raja spp. All areas 0 Q 8 7 1 0 - Q 8 1 1 ALK A,B
UK Skates & Rays Raja spp. All NE Atlantic Q 2028 ALK 0
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NL Rays spp. Raja spp. IV 811 Q - 4 24 1459 B - - - - - B
UK Skates & Rays Raja spp. IV + VIId 0 Q 2447 0
Ire Ray /Skate Raja spp. 0 680 B 0
NO Gr. Halibut Reinhardtius hippoglossoides I-II 8215 Q O,No 4 5 12615 Q O,No 4 5 O, No 2
GFR Greenland Halibut Reinhardtius hippoglossoides XIV 5033 Q - 1 158 45307 A Q - 1 ALK 106 1409 A
Fin Salmon Salmo salar IIIb-d 343 Q S 4 - 3666 Q S 4 - Direct 3666
Sw Salmon Salmo salar IIIb-d 706 Q S 2 9 Q S 2 9?
Ita Bonito Sarda sarda 1.3 994 Q S 2 1 224
Ita Bonito Sarda sarda 2.1 140 Q S 1 1 100
Ita Bonito Sarda sarda 2.2 1157 Q S 2 1 222
Fra Sardine Sardina pilchardus 1.2 15539 Q - - 4 3118 A - - - ALK 454
Ita Sardine Sardina pilchardus 1.3 6259 Q S 1 110 5492 Q S 1 ALK 12 311
Ita Sardine Sardina pilchardus 2.1 12916 Q S 3 307 15364 Q S 3 ALK 54 1346
Gre sardine Sardina pilchardus 2.2 0 Y S 1 28 1400 A Y S 1 ALK 26 650 A
Ita Sardine Sardina pilchardus 2.2 5451 Q S 2 45 2258 Q S 2 ALK 10 241
Gre sardine Sardina pilchardus 3.1 0 Y S 1 57 2850 A Y S 1 ALK 16 400 A
Pt Sardine Sardina pilchardus 9a 66528 S O(harbour) 2 514 67848 Q O(zones) All ALK 7542 15% 1
Fra Sardine Sardina pilchardus VIIIabd 11073 Q - 2 4 68 6462 8% A Q - - - ALK 1058
Sp sardine Sardina pilchardus VIIIc & IXa 0 Q 5 3 2 23161 - Q 5 1 1 ALK 3687 9% A,B
Ita Mackerel Scomber scombrus 1.3 1137 Y S 1 14 353 Y S 1 ALK 1 32
Ita Mackerel Scomber scombrus 2.1 485 Y S 2 23 578 Y S 2 ALK 6 144
Ita Mackerel Scomber scombrus 2.2 1890 Y S 2 15 367 Y S 2 ALK 1 29
Pt Mackerel Scomber scombrus 9a 2749 S O(harbour) 8 283 26602 Q S All ALK 1380 20% 1

UK Mackerel Scomber scombrus II -IX Q 15979 ALK 3573
Fra Mackerel Scomber scombrus IIa, IIIbcd, IV 1934 Q - - 3 1 167 - - - - -

GFR Mackerel Scomber scombrus IV 4660 Q - 2 13 7110 A Q - 2 ALK 4 451 A
UK Mackerel Scomber scombrus IV 0 Q 14485 4297
NL Mackerel Scomber scombrus IVac, VIId 17986 Q, S D - 49 3975 B Q, S - - - direct, full 49 1225 B
NO Mackerel Scomber scombrus I-X 163406 Q O,No 4 1 186 25050 Q O,No 4 1 ALK 46 1864
Ire Mackerel Scomber scombrus NEA 0 Q 2029 B Q direct 986 B

GFR Mackerel Scomber scombrus VI, VII 15394 Q - 1 56 28219 A Q - 1 ALK 14 2000 A
NL Mackerel Scomber scombrus VI, VIIabcefghjk, VIII 62495 Q, S D - 39 3013 B Q, S - - - direct, full 39 975 B
Sp Mackerel Scomber scombrus VIIIc & IXa 0 Q 5 3 1 11625 - Q 5 1 1 ALK 1620 9% A,B

GFR Brill Scophtalmus rombus IV 57 Q - 2 26 105 A
NL Brill Scophtalmus rombus IV 1189 Q 4 24 783 B Q O - 4 direct, 24 783 B
UK Brill Scophtalmus rombus IV + VIId 0 Q 292 0
NO Golden redfish Sebastes marinus I-II 6955 Q O,No 4 5 11565 Q O,No 4 5 O, No 2 805
NO Deep-sea redfish Sebastes mentella I-II 1193 Q O,No 4 1 1925 Q O,No 4 1 O, No 2 1111
Ita Cuttle fish Sepia officinalis 1.3 1920 Q S 2 1 7 350
Ita Cuttle fish Sepia officinalis 2.1 4155 Q S 2 1 18 900
Ita Cuttle fish Sepia officinalis 2.2 2994 Q S 1 1 6 310
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Pt Cuttle fish Sepia officinalis 9a 1298 S O(harbour) 7 155 7285 20% 1
Sp Cuttle fish Sepia officinalis VIIIc & IXa 0 Q 5 3 1 1211 - Q 5 1 1 - A,B
Ire Migratory Sharks Shark-like Selachii 0 7 B 0
Ita Sole Solea vulgaris 1.3 353 Y S 1 1 2 100 Y S 1 1 ALK 3 75
Ita Sole Solea vulgaris 2.1 836 Y S 2 1 16 800 Y S 2 1 ALK 9 225
Bel sole Solea vulgaris IV 1527 Q1 - 1 7 & 9 5 3413 4% A & B Q1 - 1 7 & 9 ALK 5 247 40% A & B

GFR Sole Solea vulgaris IV 898 Q - 1 60 3102 A Q - 1 ALK 2 338 A
NL Sole Solea vulgaris IV 14230 Q 5 70 3496 B Q O - 5 direct, 70 3496 B
UK Sole Solea vulgaris IV + VIId 0 Q 25359 3488
Ire Sole Solea vulgaris Vb,VI,XII,XIV 0 Q S 1798 B Q 0
Ire Sole Solea vulgaris VIIa 0 Q S 1936 B Q ALK 212 B
UK Sole Solea vulgaris VIIa Q 2985 ALK 210
Ire Sole Solea vulgaris VIIbc 0 Q S 1457 B Q ALK 515 B
Bel sole Solea vulgaris VIId 1171 Q1&Q4 - 1 7 & 9 6 5122 6% A & B Q1&Q4 - 1 7 & 9 ALK 6 379 48% A & B
Fra Sole Solea vulgaris VIId 2805 Q - - 5 159 9031 10% B Q - - - ALK 10 1533 8% A
Fra Sole Solea vulgaris VIIe 190 Q - - 5 57 1383 A - - - ALK 154
UK Sole Solea vulgaris VIIe Q 11933 ALK 1535
Ire Sole Solea vulgaris VIIfg 0 Q S 2572 B Q ALK 128 B
UK Sole Solea vulgaris VIIfg Q 8540 ALK 863
Ire Sole Solea vulgaris VIIhjk 0 Q S 2604 B Q ALK 381 B
Bel sole Solea vulgaris VIIIab 249 Q2 - 1 7 & 9 6 4191 3% A & B Q2 - 1 7 & 9 ALK 6 249 32% A & B
Fra Sole Solea vulgaris VIIIab 3345 Q - 4 6 1419 6795 7% A Q - - - ALK 1167
Gre Picarel Spicara smaris 2.2 0 Y S 1 3 150 A Y S 1 direct 3
Gre Picarel Spicara smaris 3.1 0 Y 2 2 10 50 A Y S 2 direct 10
Sw Sprat Spratus spratus IIIa 6488 Q - 1 0 24 1200 Q - 1 0 direct 24 1200
Est Sprat Spratus spratus IIIb-d 30219 Q S 1 - 62 6163 - Q S 1 1 Direct 62 6163 -
Fin Sprat Spratus spratus IIIb-d 8949 Q S 2 - 41 12051 Q S 2 - ALK 1363

GFR Sprat Spratus spratus IIIb-d 28455 S - 9 1981 A S - ALK 7 452 A
Sw Sprat Spratus spratus IIIb-d 85862 Q - 1 0 80 4000 Q - 1 0 direct 80 4000
Fin Pikeperch Stizostedion lucioperca IIId 732 Q S 2 - 79 2460 Q S 2 - ALK 1691
Est Pikeperch Stizostedion lucioperca IIId, Gulf of Riga 41 Q O, Gulf of 2 - 9 789 - Q S 2 1 Direct 9 789 -
Ita Tuna Thunnus alalunga 1.3 2584 Q S 1 313
Ita Tuna Thunnus alalunga 2.1 245 Q S 1 167
Ita Tuna Thunnus alalunga 2.2 4083 Q S 1 613
Gre Albacore tuna Thunnus alalunga 3.1 0 Y S 1 All specimens of the landings are measured A
Fra Tuna Thunnus alalunga Atlantic, Indian, Pacific oceans 2926 Q - - 3 43 2445 - - - - -
Ire Albacore Tuna Thunnus alalunga Combined 0 200 B 0
Ita Tuna Thunnus thynnus 1.3 3093 Q S 4 2107
Ita Tuna Thunnus thynnus 2.1 207 Q S 1 868
Ita Tuna Thunnus thynnus 2.2 1203 Q S 5 4610
Fra Tuna Thunnus thynnus 6442 A - - - 788 - - - - -
Gre Blue fin tuna Thunnus thynnus 3.1 0 Y S 1 All specimens of the landings are measured A
Ita Mediterranean horse mackerel Trachurus mediterraneus 1.3 702 Y S 1 1 18 916 Y S 1 1 ALK 8 212
Ita Mediterranean horse mackerel Trachurus mediterraneus 2.1 283 Y S 1 1 6 300 Y S 1 1 ALK 3 75
Ita Mediterranean horse mackerel Trachurus mediterraneus 2.2 766 Y S 3 1 9 450 Y S 3 1 ALK 6 157
Gre Mediterranean horse mackerel Trachurus mediterraneus 3.1 0 Y S 1 3 11 550 A 1 3 ALK 10 250
Ita Horse Mackerel Trachurus trachurus 1.3 1400 Y S 1 1 16 804 Y S 1 1 ALK 9 230
Ita Horse Mackerel Trachurus trachurus 2.1 1124 Y S 1 1 12 600 Y S 1 1 ALK 6 146
Ita Horse Mackerel Trachurus trachurus 2.2 1737 Y S 3 1 14 700 Y S 3 1 ALK 7 173
Gre Horse mackerel Trachurus trachurus 3.1 0 Y S 1 3 7 350 A 1 3 ALK 10 250
Pt Horse mackerel Trachurus trachurus 9a 11242 S O(harbour) 8 960 130560 Q S All ALK 2318 20% 1

GFR Horse Mackerel Trachurus trachurus IV 5149 Q - 2 13 285 A Q - 2 ALK 1 177 A
NL Horse Mackerel Trachurus trachurus IVa, VI, VIIabcefghjk, VIII 77041 Q, S D - 51 7749 B Q, S - - - direct, full 51 1275 B
NL Horse Mackerel Trachurus trachurus IVbc,VIId 30827 Q, S D - 48 6286 B Q, S - - - direct, full 48 1200 B
NO Horse mackerel Trachurus trachurus I-X 20514 Q S 1 11 975 Q S 1 ALK 7 413
GFR Horse Mackerel Trachurus trachurus VI, VII 18058 Q - 1 57 17847 A Q - 1 ALK 10 1320 A
Sp Horse Mackerel Trachurus trachurus VI, VII & VIIIab 0 Q 3 3 1 0 - Q 3 1 1 ALK A,B
Sp Horse Mackerel Trachurus trachurus VIIIc & IXa 0 Q 5 3 1 21333 - Q 5 1 1 ALK 1319 19% A,B
Ire Horse Mackerel Trachurus trachurus Western 0 Q 4632 B Q direct 1245 B
Ita Gurnard Trigla lucerna 1.3 177                Y S 1 1 2 75 Y S 1 1 ALK 3 75
Ita Gurnard Trigla lucerna 2.1 156                Y S 3 1 3 150 Y S 3 1 ALK 5 125
Ita Gurnard Trigla lucerna 2.2 299                Y S 1 1 1 50 Y S 1 1 ALK 1 25
NO Norway pout Trisopterus esmarki IV,IIIa 11357 Q S 1 2244 Q S 1 ALK 412
Pt Norway pout Trisopterus luscus 9a 3405 S O(harbour) 7 362 47916 20% 1
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Sp Pouting Trisopterus luscus VIIIc & IXa 0 Q 5 10 1 1598 - Q 5 1 1 ALK 602 A,B
Ita Swordfish Xiphias gladius 1.3 4222 Q S 4 3199
Ita Swordfish Xiphias gladius 2.1 47 Q S 1 619
Gre Swordfish Xiphias gladius 2.2 0 Y S 1 181 A
Ita Swordfish Xiphias gladius 2.2 4127 Q S 1 3234
Gre Swordfish Xiphias gladius 3.1 0 Y S 1 1202 A
Fra Swordfish Xiphias gladius Atlantic, Indian, Pacific oceans 1800 Q - 12 520 - - - - -

Footnotes bellow the table, numbered as: country code - number. E.g. NL-1, NL-2, DK-1,DK-2, IT-1, etc. So each country has its private number range.

NO- 1: The spatial strata follows the ICES subdivisions except for subdivision IIa which is divided into 6 statistical regions given by the Norwegian Directorate of Fisheries

NO- 3: The Bayesian hierarchical modGre is not officially implemented as the method used for calculating precision, but will be implemented for most of the Norwegian stocks during 2005. 
NO-4: Similar to No 1, but the precise information is not presently available.

FIN-1: Landings are for year 2003
FIN-2: Finland has derogation for cod sampling. It is assumed that catch composition is similar than for Swedish and Danish cod fisheries.

IRL-1: information from 2003 sampling, empty cGrels not available during WG, could be provided later

E-1: 2003 data
E-2: Only ICES stocks are listed
E-3: Only prGreiminary analytical CVs are listed

S-1: O=functional unit

I-1 Landings reported apply to 2003
I-2 C.V. calculated as an abundance weighted mean over age groups for 2002 and 2003

NL-1: sub =  age sampling by cc; full =  age sampling from unsorted catch

NO- 2: The samples consists mostly of direct age samples, but a minor part is samples of ages stratified by length groups. More specifically, 47 of 207 and 16 of 99 for cod and haddock, respectivGrey, are samples of ages stratified by length groups. The method used for estimation uses direct estimates when they are available and a 
modGreled age length rGreationship for the other
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A simple model for comparing age-length keys and filling in missing
data, with an application to Celtic Sea cod (Gadus morhua)

Hans Gerritsen
Marine Institute, Galway Technology Park, Parkmore, Galway, Ireland.

Abstract
A method is presented to model Age-Length Keys (ALKs) using a Generalised Linear
Modelling approach. The (multinomial) aged data are presented to the model in pairs
of consecutive age classes so they take on a binomial form (each observation belongs
to one of the two age classes). The models can be used for a number of purposes, in
the simplest form they can estimate proportions at age for length classes for which no
age data is available. It is also possible to test whether two or more ALKs are
significantly different. And finally the models might be expanded to Generalised
additive models that could take changes over time or in space into account which
could improve precision and even estimate ALKs for periods or areas where no
sampling took place.

Introduction
Most fisheries stock assessments are based on estimated numbers of fish per age class. 

Sampling for age data usually takes place on a length-stratified basis, where a target
number of samples is collected for each length class. Additionally, a larger random
sample is taken to obtain a length frequency of the catch or landings. To obtain
numbers at age, the aged sample is raised up to the total length frequency using an
age-length key (ALK), which consists of the proportions at age each for length class.
The length-stratified sampling strategy ensures fish from a large size range are
represented in the aged sample while optimising the cost of age sampling.
In order to raise the aged data to the total length frequency, the ALK needs to have
data for all size classes for which length frequency data are available. There is
currently no standardised method for filling in missing data; some form of running
average is usually applied. When data are sparse, this approach is unsatisfactory. To
my knowledge no model exists that can estimate missing values in an ALK. Another
problem is that it is difficult to compare two ALKs. Two different gear types might
have catches with different size frequencies, but if the proportions of the age classes
at length are not statistically different, they might be combined to increase precision.
Existing methods to test differences between ALKs are either awkward to interpret or
inappropriate for most data. Hayes (1993) and Horbowy (1998) both suggested
comparing each proportion at age for each length class using multiple Fisher’s or Chi
squared tests. Although the application of these tests is straightforward, the
interpretation of the results is not, as there are as many p-values as the number of age
and length classes that are considered. When a large number of statistical tests are
applied, the likelihood of type I error (false positive) increases. This is usually dealt
with by reducing the p-value at which differences are considered significant (Hayes,
1993) or only accepting differences when a certain number of tests return significant
results (Horbowy, 1998). However, reducing the likelihood of type I error necessarily
increases the likelihood of type II error (false negative) which, in this case, is even
more serious that type I error as one would not like to conclude that two ALKs are not



different when in fact they are. Dwyer et al. (2004) took a different approach and
suggested applying a two-dimensional Kolmogorov-Smirnov test. This approach
relieves many of the problems of previous methods but requires the age data to be
sampled randomly. Their method might therefore useful to compare age-structures of
populations but not ALKs, which are by definition non-random samples from the
population. The present paper presents a method to fit a generalised linear model
(GLM) to length-at-age data by expressing the proportions at age in pairs of age
classes so they take on a binomial form and a logistic model can be applied. The
model can be used to predict missing values or to test whether two or more ALKs are
significantly different using a single statistical test.

Method
In an ALK, the sample numbers at age by length class are converted to proportions at
age by length class. As fish in one length class could belong to a number of age
classes, it is difficult to formulate a model to describe these proportions at length.
Therefore, the data are expressed in pairs of consecutive age classes so each
observation can only belong to one of the two age classes, which allows a binomial
model to be fitted. For each pair of age classes the proportions at length are given by:

(1)
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where ni,j is the number of fish at length j that are age i and ni+1,j is the number of fish
at length j that are age i+1. The proportions Pi,i+1,j tend to decrease gradually from
unity to zero with increasing length and can be described by the logistic function:
(2) jP jii ⋅+=+ 10,1, )logit( ββ
where j is the fish length, and β0 and β1 are the parameters to be fitted. A binomial
GLM with a logit link function can be fitted with ‘length’ as a continuous variable,
‘age’ as a factor and a ‘length·age’ interaction to describe Pi,i+1,j. The interaction term
effectively results in a model with a separate curve for each pair of age classes. When
fitting the logistic models, the assumptions are made that the underlying age classes
have normal length distributions and equal variance. 
In order to convert the modelled proportions Pi,i+1,j back to an ALK, eq. 1 can be re-
written to provide proportions at each age. However, when the number of age classes
becomes large, the solution becomes quite long-winded. A simpler approach is to set
the numbers at length of the youngest age class at an arbitrary (positive non-zero)
value and calculate the numbers at length of the next age class, relative to those of the
first: with parameters Pi,i+1,j and ni,j given, the values of ni+1,j can be found from eq. 1.
These values can now be used to calculate those of the next age class and so on. An
ALK can then be constructed from these relative numbers length, although the
numbers at length themselves remain arbitrary. 
The modelled ALK can be used to fill in expected proportions at age for length
classes that have missing data or alternatively, the entire modelled ALK can be used
to assign age classes to the length-frequency data. Standard errors of the estimated
numbers at age were obtained by bootstrapping the numbers at age in each length
class. For every bootstrap replication, this would yield a re-sampled ALK to which
the model was applied. A total of 1000 replications were performed for each estimate.
The length frequency data was presumed to be known without error so the standard
error given here only reflects the variability due to the aged data.
To test the difference between two or more ALKs, terms like gear-type, area or year,
can be introduced into the model (along with all second and third level interactions).



It can then be tested if the extra term improves the original model by evaluating the
difference in residual deviance between the two nested models against the difference
in degrees of freedom of the models, using the Chi-square test (Collet, 2003).  If the
model is significantly improved by including the extra term, this indicates that there
are significant differences between the gear types, areas or years.
The GLM was applied to data taken from the routine port-sampling programme
carried out by the Marine Institute in 2003. Random samples of landed fish were
measured and length-stratified samples were aged. Ages were allocated according to
the number of hyaline rings visible in the otoliths. Samples of Celtic Sea cod (Gadus
morhua) from the second quarter of 2003 were used to illustrate the method. In ICES
area VIIg (eastern Celtic Sea; Fig. 1), cod were caught with three major gear types:
beam trawl, otter trawl and Scottish seine. In area VIIj (western Celtic Sea) otter trawl
and seine data were available but the seine data only covered two age classes and was
therefore omitted from the analysis. Otter trawl gear included both single and twin
rigs.

Results
Table 1 shows the length-at-age data for the different gear types and areas. As there
were very few a one-year-old fish and fish aged five or older, these age classes were
omitted from the analysis. The data in Table 1 were grouped in 2cm length classes for
conciseness but the results were nearly identical to the ungrouped data. Even when
data are sparse, as in the present case, it is not necessary to group data in larger length
classes as the GLM is fitted to the binary data set (success/failure) rather than the
binomial data (proportions). This also makes the interpretation of nested models more
straightforward. Leverage, standardised deviance residuals and the Cook statistic were
checked for extreme values (Collet, 2003). Some observations were identified as
influential but all of them fell within the size range expected from previous years and
adjacent quarters in ICES area VII, so no observations were excluded.
The first set of models was fitted to data from all gear-types in both areas. Model 1
includes only the terms ‘length’, ‘age’ and their interaction (Table 1), in other words
the same model is applied to all gear types and areas. In model 2 the factor ‘stratum’
was introduced. The strata consisted of the different gear types and areas: BeamVIIg;
OtterVIIg; SeineVIIg and OtterVIIj. Model 2 is represented graphically in Fig 2.
Table 2 shows that inclusion of the factor ‘stratum’ resulted in a significant reduction
of the residual deviance (Chi-square test; p = 0.04). This indicates that there were
significant differences between the strata. To further examine these differences, the
effect of stratum was tested for two strata at a time for all possible combinations. The
p-values of these analyses of deviance tests (Table 3) might be interpreted as an index
of similarity between two strata. Table 3 shows that data from beam trawls in VIIg
were significantly different from all other strata. Therefore beam trawl data were
removed from the data set and the significance of including the factor ‘stratum’ was
tested again: without beam trawl data the difference was no longer significant
(p = 0.41; models 3 & 4; Table 2) suggesting that it is unlikely that there are
differences between the strata in this dataset.
The combined ALKs resulted in very similar parameter estimates to the ALKs from
single strata and the modelled ALKs also produced similar parameter estimated to the
raw data (Fig 3.). In other words, it appeared that no bias was introduced by either
using combined ALKs or using modelled ALKs. Using modelled ALKs instead of the
raw data did not seem improve the precision (Fig 3.), while combining ALKs did
reduce the standard errors except for age classes with very few samples.



Discussion
The fit of a logistic curve to pi+1,j appears to be quite robust to the assumptions of
normality and equal variance. In age classes where growth is rapid, the variance of the
length distribution might differ from one age class to the next, but when the difference
in means is large, the fit still tends to be good, regardless of the variances.
Conversely, when growth is slow, there is little reason for the spread of the length
distribution to change, unless mortality or migration are strongly dependent on both
size and age. If size selection, e.g. gear selectivity, takes place on all age classes in the
same way, the proportions of the age classes at length remain the same and the ALK
will not be influenced. For this reason it is usually assumed that the gear-type should
not influence the ALK, differences between gear-types found here are likely to reflect
spatial differences in the use of the gears; beam trawls are used on different grounds
than other trawl types and might catch a different component of the population.
It was found that values with high leverage could be quite influential; removing the
largest three-year-old from the beam-trawl data, increased the p-value for the
difference between model 1 and model 2 (Table 2) from 0.04 to 0.14, so the decision
whether gear-types and areas could be combined, might rest on one observation. In
the present case there was no strong argument to remove this observation, as it fell
within the size range expected from other years and surrounding areas. However this
does highlight the need for a thorough check for outliers and evaluation of
observations that might be influential. Influential observations would result in
somewhat conservative results: one might conclude that there are significant
differences between ALKs based on one or few extreme observations, but one would
not conclude that ALKs can be combined if in fact they are different. In the present
case, it appears that beam trawl data might not be very different from other gears
although differences appeared to be significant. On the other hand, if data are very
sparse, there might not be enough information to suggest that there are differences
between ALKs when in fact the underlying distributions might be quite different. One
might suggest a minimum number of overlapping length classes for each pair of age
classes. In the extreme case that there is no overlap between age classes (i.e. when
growth is very rapid) it would be advisable to exclude these age classes from the
analysis. Although it is possible to fit a logistic curve, the slope would tend towards
infinity and the assumptions of the model would be violated.
Despite these caveats, the model seems to produce ALKs that are not biased against
the raw data and could therefore provide a standardised method for filling in data for
missing length classes. It also provides an objective test to compare ALKs and
precision levels could be improved by combining data from different areas or gear
types. The current method might also be expanded by modelling the change of the
parameters over time, so rather than grouping the data in time periods like quarters;
one could model the data of an entire year (or longer). As growth, mortality and
migration are not likely to follow a linear pattern, a Generalised Additive Model
(GAM) might be the most appropriate approach. A GAM with a smooth term for the
sample date could be fitted for each pair of length classes and a modelled ALK would
then be available for any moment in time. One might even estimate ALKs for periods
where no sampling took place. As the GAM takes the autocorrelation over the entire
time period into account, the precision of these models would be improved over the
ALKs based on single quarters. A similar approach might be taken on a spatial, rather
than temporal basis.



In conclusion: the GLM approach appears to have the potential to become a useful
tool to produce estimates for missing length classes, objective comparisons between
ALKs and might be developed further to model changes over time or space.
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Fig 2. Observed and predicted ALKs (Pi,j; top row) and observed values of pi,i+1,j and
predicted logistic curves (bottom row) from Model 2 in Table 2. Coloured numbers in
the plots refer to age classes or pairs of age classes at length (e.g. 23 refers to P2,3,j).
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standard errors (top panel). The bottom panel shows the Coefficients of Variation of
these estimates. Length frequencies were never combined.
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Tables

Table 1. Sample numbers at age for the three gear types used in ICES areas VIIg and
VIIj during the second quarter of 2003. 

Age Beam VIIg Otter VIIg Seine VIIg Otter VIIj
Length 2 3 4 2 3 4 2 3 4 2 3 4

38 1
40 2 5
42 3 14
44 4 24
46 7 10 31
48 7 6 22
50 8 10 17
52 7 7 22
54 6 4 14
56 8 2 10
58 1 2 1 8 1 9 1
60 1 10 3 1 6 1
62 3 2 1 1 4
64 5 2 2 1 3 4
66 7 1 1 8 1 6
68 1 6 1 9 8 1 5
70 6 2 12 9 1 5
72 9 12 1 4 6
74 8 14 7 10
76 6 12 7 1 10
78 1 11 3 9 2
80 1 3 1 5 4 3
82 2 1 4 2 3 5 1
84 1 1 4 1 4 3 7
86 2 1 4 2 1
88 2 1 1 8
90 2 2 1 4
92 1 2 1 1
94 1 2 2
96
98 1 1 1
100 1



Table 2. Analyses of deviance of nested models.
Model Terms Df Dev ∆Df ∆Dev P

Strata: BeamVIIg - OtterVIIg - SeineVIIg - OtterVIIj 
Null 918 1206.79
model 1 length·age 3 313.14
model 2 length·age·stratum 15 291.67 12 21.47 0.04

Strata: OtterVIIg -SeineVIIg - OtterVIIj 
Null 768 1012.91
model 3 length·age 3 270.58
model 4 length·age·stratum 11 262.3 8 8.29 0.41
Note: The models were fitted to data from the second quarter of 2003. The terms
included all main effects and interactions. Df indicates the degrees of freedom (null
and model), Dev is the deviance (null and residual), ∆Df is the difference in degrees
of freedom, ∆Dev is the difference in deviance and P is the significance level of the
Chi-square test.

Table 3. P-values (Chi-square test) for analysis of deviance as an indication of
similarity between the strata (gear type / area).

Stratum BeamVIIg OtterVIIg SeineVIIg OtterVIIj
BeamVIIg 1 0.02 0.03 0.01
OtterVIIg 1 0.87 0.46
SeineVIIg 1 0.14
OtterVIIj 1
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Introduction

In considering the methodologies used in the collection and compilation of fishery statistics in
the member countries of the European Economic Area it is essential to keep in mind the large
variation in the structure of the fishing industries in those countries. In particular, in Italy
(generally for the Mediterranean) there are a very large number of fishing vessels making landings
in a large number of mainly small landing places and disposing of their products in markets of a
less formal structure than in the other countries. In this situation, to collect accurate fishery data, it
is impossible to observe the whole fleet, composed in Italy by about 15000 vessels, and the best
system appears to be that of sample surveys.

A sampling procedure for biological parameters and related methods to estimate precision in
length and age structure are affected by these considerations. In this context, the sample design for
landings and effort data is to be considered the  starting point  for biological sampling.

The present document describes the principal aspects of the sampling study, developed by
IREPA and the Italian National Statistical Institute (ISTAT), for the estimate of  the total
production of fish, the total value of fish production and the average producers’ price, by species
and by area of capture, during each calendar month .

Data collection: the stratification and the questionnaire
The elementary analysis units are represented by the landings from vessels included in the

sampled fleet. The list from which the sample units will be extracted comprises all the vessels
making up the Italian fishing fleet. The sampling base, which is also official, is the Vessel Register
(ALP) kept by the Directorate-General of Fisheries and Aquaculture of the Ministry of Agriculture
and Forestry Policies. This sampling base excludes ocean-fishery vessels and tuna-fishing vessels
belonging to APTS (Associazione Produttori Tonnieri Salernitani), which are recorded on a census
base, due to small number of fishing units.

The whole Italian fleet is stratified by using three variables: the geographical area, the fishing
techniques and the vessel size. The stratification is designed to maximise the homogeneity of the
strata, using known parameters of the population, correlated with the target variables. By crossing
these three variables, different strata are defined. Independent samples are selected from each
stratum.
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The geographical variable is composed by the maritime regions in which the Italian coastline is
lawfully divided. In some cases, regions have been sub-divided so that data can be aggregated also
per FAO statistical division.

The survey follows a CAI procedure: computer assisted interviewing. Two electronics
questionnaires are used, namely an annual questionnaire for recording structural information and a
weekly questionnaire for activity information. Data processing, for each  vessel, is completely
computerized.

LOA < 12 LOA 12-18 LOA 18-24 LOA 24-40
Demersal Trawl 234 1488 890 389
Pelagic Trawl 5 34 32 56
Purse Seiner 37 120 82 64
Dredges 119 584 11
Passive Gears 9155 427 13
Polyvalent 528 103 10
Beam Trawl 13 27 22 25
Long-lines 239 253 79 23

Tab. 1 –  Italian fishing fleet by gears and length classes  (September 2004).

Implementation of the sample survey: developed procedures and
software algorithms

To collect and manage data, IREPA has developed a data managing software using the language
Statistica Visual Basic with the software Statistica 6 – StatSoft. This data managing software is
composed by three different module: the first (Data Control), including all the procedures for the
control and the correction of data, the second (Sampling Procedure), characterised by procedures
developed to estimate the optimum sample allocation  and to select sample units, the third
(Estimates and Precision level), composed by the procedures to estimates totals and relative
coefficients of variation.

Data Control

In the first module, procedures with the aim of recognize and treat errors in the data collected
have been developed, in order to guarantee final results of certain quality standards and to minimize
non sampling errors.
First of all, the study has been structured in such a way that it is possible to control the data already
during the collection phase (i.e. during the interview). Data collectors use a specific software for
data input; its insertion, can thus only occur if the different logical coherence bonds existing
between the measured variables are respected, bonds following a specific Incompatibility plan.
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Once the data are input in the IREPA server, the records undergo control and correction; in this
phase, the scope of controlling the data is to analyse and treat partial non-response errors (PNE) and
complete non-response errors (CNE).

With regards to the correction phase, as for the treatment of PNE and CNE, seen the actual
possibility of gathering the correct information with a new interview, it was decided that this would
be the best strategy to estimate the wrongful and missing variables.

In general, for data control, the sampling units are grouped in appropriate study domains, in
order to obtain groups of vessels that are homogenous with respect to the variables observed
(catches and prices of different species). The study domains, in the majority of cases, are
represented by the strata included by the sampling strategy. Within each single study domain, for
each variable, a first control consists in the graphical analysis of the values measured in specific
weeks selected for the current year. In an analysis of this type, a value “too distant” from the rest of
the data would be seen as suspicious, and it would lead to a second interview of the unit; the
“distance” from the remaining points would be evaluated taking into account specific threshold
values, established by following time series, and on the basis of auxiliary information relative to the
considered period.

With regard to landings, a second analysis is conducted to highlight excessive and
suspicious variations from the previous year value; in particular, in such a case, the data will be
“cleansed” from the effect of the variable “fishing_days”. A similar control is used for the prices
observed for individual vessels.

Sampling Procedure

This module includes the procedures for the estimates of the sample size and the selection of the
units.

The sampling strategy adopted uses the selection, without replacement, of sampling units by
following the PPS methodology (probability proportional to size; sample units (vessels)  are
selected  with non-constant selection probability, but proportional to a size measure. The use of
such sampling plan and its application, as opposed to simple random sampling, is justified by the
intention to use the information provided by the auxiliary variable. This auxiliary variable would
obviously have to be known for all the units of the population studied, and it has to be “linked” to
the unknown variable that the study is trying to estimate. In statistical terms, the link translates as a
“direct relation” between the known auxiliary variable and the targeted variable. The objective of
the utilization of the information provided by the auxiliary variable is to obtain a better estimate; the
“stronger” this direct relation would be, the smaller the variability of the estimator (i.e. the
variance), and the more precise the estimate. In the theoretical extreme situation of exact
proportionality, the estimator would have zero variance and it would assume, in every sample, the
exact total to estimate.

In this case, the known auxiliary variable is Length Overall (Loa), which use as auxiliary
variable was preceded by an explorative analysis which confirmed the hypothesis of proportionality
between LOA on one side, and catches and incomes on the other.

For the estimate of the sample size, it was developed the procedure from Bethel (1989); through
this, the optimum sample size of the sample for a stratified and multivariate sampling study is
estimated. More precisely, some threshold values are fixed (bonded) for the coefficient of variation
of the total estimator and for each of the variables observed; due to the precision bonds required at
each stratum, the internal sample size  for every one  is estimated by identifying the “minimum
cost” sample. The cost C is defined as:

∑+
H

=h
hh0 ncc=C

1
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where c0 represents a fixed cost correlated with the organisation of the sampling, ch represents
the sampling costs of any single unit in the stratum hth (h=1 … H), while nh (nh=1 … Nh) represents
the number units extracted from the hth stratum.

Finally, there is the possibility of establishing a minimum sample size (input as absolute and
relative data) to be observed within each stratum; this situation occurs when Bethel’s procedure
leads sample sizes that, even if respecting the precision bonds fixed for the coefficient of variation
of the total estimator, would result too low and of difficult acceptance (for example, variance
estimate problems, in case of optimum sample sizes equal to one, may arise). Generally, such limits
are fixed to 4 units, in absolute terms, and to 3,5%, in relative terms.

For the selection of the sampling units, the Hanurav-Vijayan’s algorithm was implemented
(1968); this choice is linked to the different advantageous property of this procedure, described in
the next paragraph.

Estimates and Precision levels

This module includes the procedures for the estimates of totals and relative coefficients of
variation.

The Hanurav-Vijayan’s algorithm allows us to select sample units with a selection probability
proportional to the auxiliary variable utilized (LOA) and to “easily” calculate the joint selection
probabilities. In this way, it is possible to estimate the total production of fish and  the total value of
fish production, for each strata, using the Horvitz-Thompson estimator (1952);  it is also possible to
estimate, with an analytical approach, the  variance of these estimates and, consequently, the
coefficient of variation, by applying the Sen-Yates-Grundy formula (1953).

For each variable, the estimate of the total is:
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Obviously, by doing the summatory of each stratum, an estimate of the total of the variable Y is
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For the estimate of the total variance the Sen-Yates-Grundy formula is used:
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having obtained the sample from H independent selections in each stratum, the total variance is
obtained from the sum of the internal variances at each individual stratum:
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The estimate of the total and the estimate of the variance, for each single stratum and for all other
strata, are used for the estimate of the coefficient of variation of the “estimator of the total”:
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This index is taken into consideration to assess the “goodness” of the obtained estimates.

Tab. 2 – IREPA software: Sen-Yates-Grundy formula and Horvitz-Thompson estimator implemented in Statistica
Visual Basic.
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Tab. 3 -  IREPA software: estimates and precision levels.

Final remarks and links with the biological sampling of landings

As described above, a one-stage stratified sample design is used to estimate landings data. The
sample units consist in vessels in the official Vessel Register.

Using the Bethel’s procedure it is possible to estimate the minimum sample size of vessels that
ensure the precision bonds fixed for the coefficient of variation of the total estimator and, applying
the Hanurav-Vijayan’s algorithm to select sample units, we are able to estimate the coefficient of
variation (that is, the precision levels) with an analytical approach (the Sen-Yates-Grundy formula).

Following this procedure, a representative sample of the whole Italian fleet has been identified.
Nevertheless this representative sample cannot be used to evaluate the biological composition of
landings because it would be too expensive, in time and costs .

Consequently, it is suggested to select a sub-sample of the sampled vessels.
Length and age structure of the landings individuals will be recorded in some randomly selected

fishing days.
Finally, the coefficients of variation will be calculated taking into account the statistical

methodology for multi-stage sampling besides the guidelines produced by the WKSCMFD (Nantes
– 26-30 January 2004).
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Appendix

Tab. A – Sampled vessels in 2005.

Fishing techniques Geographical area Vessel size Number of sampled vessels
Beam trawl ABRUZZO LOA 18-24 4
Beam trawl E. ROMAGNA unspecified 6
Beam trawl F.V.GIULIA LOA 12-18 4
Beam trawl MARCHE unspecified 12
Beam trawl VENETO unspecified 8
Demersal trawl ABRUZZO LOA 12-18 5
Demersal trawl ABRUZZO LOA 18-24 21
Demersal trawl ABRUZZO LOA 24-40 8
Demersal trawl CALABRIA IONICA LOA 12-24 4
Demersal trawl CALABRIA TIRRENICA LOA 12-24 4
Demersal trawl CAMPANIA LOA 12-18 4
Demersal trawl CAMPANIA LOA 18-24 5
Demersal trawl E. ROMAGNA LOA < 12 4
Demersal trawl E. ROMAGNA LOA 12-18 6
Demersal trawl E. ROMAGNA LOA 18-24 16
Demersal trawl F.V.GIULIA LOA 12-18 4
Demersal trawl LAZIO LOA 12-18 4
Demersal trawl LAZIO LOA 18-24 13
Demersal trawl LIGURIA LOA 12-18 6
Demersal trawl LIGURIA LOA 18-24 11
Demersal trawl MARCHE LOA 12-18 8
Demersal trawl MARCHE LOA 18-24 22
Demersal trawl MARCHE LOA 24-40 19
Demersal trawl MOLISE LOA 12-24 4
Demersal trawl MOLISE LOA 24-40 5
Demersal trawl PUGLIA IONICA LOA 12-18 6
Demersal trawl PUGLIA NORD LOA < 12 4
Demersal trawl PUGLIA NORD LOA 12-18 19
Demersal trawl PUGLIA NORD LOA 18-24 35
Demersal trawl PUGLIA NORD LOA 24-40 22
Demersal trawl SARDEGNA LOA 12-18 11
Demersal trawl SARDEGNA LOA 18-24 5
Demersal trawl SARDEGNA LOA 24-40 7
Demersal trawl SICILIA EST unspecified 4
Demersal trawl SICILIA NORD LOA 12-18 4
Demersal trawl SICILIA NORD LOA 18-24 4
Demersal trawl SICILIA SUD LOA 12-18 42
Demersal trawl SICILIA SUD LOA 18-24 30
Demersal trawl SICILIA SUD LOA 24-40 81
Demersal trawl TOSCANA LOA 12-18 13
Demersal trawl TOSCANA LOA 18-24 12
Demersal trawl VENETO LOA < 12 10
Demersal trawl VENETO LOA 12-18 31
Demersal trawl VENETO LOA 18-24 16
Dredges ABRUZZO LOA 12-18 5
Dredges CAMPANIA unspecified 4
Dredges E. ROMAGNA LOA 12-19 8
Dredges F.V.GIULIA unspecified 5
Dredges LAZIO unspecified 4
Dredges MARCHE LOA 12-18 12
Dredges MOLISE unspecified 4
Dredges PUGLIA NORD LOA 12-18 4
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Dredges VENETO LOA 12-19 10
Passive gears ABRUZZO LOA < 12 15
Passive gears CALABRIA IONICA LOA < 12 16
Passive gears CALABRIA TIRRENICA LOA < 12 11
Passive gears CAMPANIA LOA < 12 36
Passive gears E. ROMAGNA LOA < 12 19
Passive gears F.V.GIULIA LOA < 12 19
Passive gears LAZIO LOA < 12 18
Passive gears LAZIO LOA 12-18 4
Passive gears LIGURIA LOA < 12 18
Passive gears MARCHE LOA < 12 31
Passive gears MOLISE LOA < 12 4
Passive gears PUGLIA IONICA LOA < 12 18
Passive gears PUGLIA IONICA LOA 12-18 4
Passive gears PUGLIA NORD LOA < 12 22
Passive gears SARDEGNA LOA < 12 61
Passive gears SARDEGNA LOA 12-18 7
Passive gears SICILIA EST LOA < 12 16
Passive gears SICILIA EST LOA 12-18 4
Passive gears SICILIA NORD LOA < 12 36
Passive gears SICILIA NORD LOA 12-18 4
Passive gears SICILIA SUD LOA < 12 32
Passive gears SICILIA SUD LOA 12-18 4
Passive gears TOSCANA LOA < 12 20
Passive gears TOSCANA LOA 12-18 4
Passive gears VENETO LOA < 12 18
Passive gears VENETO LOA 12-18 9
Pelagic trawl E. ROMAGNA unspecified 13
Pelagic trawl F.V.GIULIA LOA 12-18 4
Pelagic trawl MARCHE LOA 24-40 5
Pelagic trawl PUGLIA NORD LOA 24-40 4
Pelagic trawl VENETO unspecified 29
Polyvalent CALABRIA IONICA LOA < 12 4
Polyvalent CALABRIA TIRRENICA LOA < 12 4
Polyvalent CAMPANIA LOA < 12 5
Polyvalent E. ROMAGNA LOA < 12 4
Polyvalent LIGURIA LOA < 12 4
Polyvalent MARCHE LOA < 12 4
Polyvalent SICILIA NORD LOA < 12 9
Polyvalent SICILIA NORD LOA 12-18 4
Purse seiner ABRUZZO LOA 24-40 5
Purse seiner CALABRIA TIRRENICA unspecified 4
Purse seiner CAMPANIA unspecified 15
Purse seiner F.V.GIULIA unspecified 4
Purse seiner LAZIO unspecified 4
Purse seiner LIGURIA unspecified 8
Purse seiner PUGLIA NORD unspecified 4
Purse seiner SARDEGNA unspecified 4
Purse seiner SICILIA EST unspecified 4
Purse seiner SICILIA NORD unspecified 4
Purse seiner SICILIA SUD unspecified 24
Purse seiner TOSCANA unspecified 5
Long-line CALABRIA IONICA LOA 12-18 4
Long-line CALABRIA TIRRENICA unspecified 4
Long-line CAMPANIA LOA < 12 4
Long-line LIGURIA unspecified 4
Long-line MARCHE LOA 12-18 4
Long-line PUGLIA IONICA LOA < 12 4
Long-line PUGLIA IONICA LOA 12-18 4
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Long-line PUGLIA NORD LOA 12-18 4
Long-line SICILIA EST LOA < 12 4
Long-line SICILIA EST LOA 12-18 8
Long-line SICILIA EST LOA 18-24 4
Long-line SICILIA NORD unspecified 4
Long-line SICILIA SUD LOA < 12 4
Long-line SICILIA SUD LOA 12-18 4
Long-line SICILIA SUD LOA 18-24 4
TOTAL   1311
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A simple tool to calculate biological parameters’ uncertainty 
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Abstract 
 
We describe an automatic procedure to estimate uncertainty of some biological 
parameters: growth, maturation, sex-ratio and length-weight curves. A routine has been 
developed in R environment, which makes possible to fit the most usual models and to 
estimate the coefficient of variation for parameters by using the non-parametric 
bootstrap methodology. The approach is illustrated by an application for Southern Hake 
stock. 
 
Keywords: Bootstrap, Growth, Hake, Length-Weight relationship, Maturity, Sex-ratio, 

Uncertainty. 

 

Introduction 
 
The initial intention of this work has been to produce a simple tool to fulfil with the 
commitment of the EU Regulation (Reg. No 1639/2001) in relation to precision levels 
of so called “other biological parameters” under module I of the cited Regulation. 

For the purpose of this paper biological means: growth (age vs. length and age), 
maturity (by length and age), length-weight relationship and sex ratio. Biological 
parameters which  are of fundamental importance to assess and advice for fishery 
managements  

Due to the complexity and huge variability of different species, it is quite difficult to 
develop a common approach and for that it was decided to implement standard models 
and fits (really, not at all). For some cases, this procedure will not be adequate (e.g.: 
crustaceans), though it can be used as an exploratory tool to check some assumptions 
and behaviours of parameters.  
 
To estimate biological parameters and their uncertainties it has been employed 
resampling techniques which are often used for estimating different measures of 
uncertainty for any statistics (Efron, 1979). In the last years many investigators have 
chosen the bootstrap technique to determinate the uncertainty of biological parameters 
(Brodziak & Mikus, 2000; Bullock et al.,  2004; Gros et al., 1987; Meyer et al., 1986; 
Moguedet & Pérez, 1988; Roa, 1999). The goal of this technique is the easiness of 
implementation and the non reliance on normal theory.  
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The fundamental and critical assumption of bootstrapping developed by Efron (1979) is 
that the observed data are representative of the underlying population.  
 
The main advantages of this tool are: 
 
• Give us estimates of uncertainty levels (precision and bias) for main parameters, 
• Non dependent of any assumption on statistical distribution (non-parametric), 
• Easy to implement and well-known: 

− It can be used as a tool for quality control, 
− It can be used to optimize sampling designs and sampling intensities, 
− It can be used for exploratory model analysis, 

• Allow us to compare uncertainty levels between Countries/Institutes. 
 

Material and Methods 

As an example (case study), it has been applied this approach for the southern stock of 
hake (2002-2004 biological sampling data). The data required consisted in length (in 
cm), weight (in g), age (in year), maturity (coded as: 0 for immature; 1 for mature), sex 
(coded as: 1 for males, 2 for females, 3 for unsexed). The results can be obtained by sex 
or sex combined. 
 
It was chosen the non-parametric bootstrap method. This procedure consists in generate 
B bootstrap samples, in our case 1000 replicates, by resampling with replacement the 
original data. Then all statistics for each parameter can be calculated from each 
bootstrap sample. 
 
The statistics adopted for each estimate were: median and coefficient of variation 
(relative variation, estimation error). For all the estimates has been plotted their 
probability profiles (“density’s functions”) and some plots of model’s residuals (model 
error) to check visually: autocorrelation, homo/hetero-cedasticity, outliers and/or 
extreme values (maybe, observation errors?), linearity and normality. 
 
Models and fits adopted were: 
 
• Growth at age ( vs. Length & Weight):  

von Bertalanffy. Non-linear estimation w. minimum least squares (G-N) 
 
• Maturity (Length & Age): 

GLM. Logistic function. Binomial errors w. maximum log-likelihood fit. 
 
• Length - Weight Relationship:  

Standard. Non-linear estimation w. minimum least squares (G-N) 
 
• Sex-ratio (Length & Age):  

No Model. Percentage by length and age. Cubic spline to plot 
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Results 

We show, as an example, results for mixed sexes for Southern Hake stock. See Tables 
1-6 and Figures 1-6. 

 
Conclusions 
 
This tool is simple and powerful and it can be used for many purposes and give us an 
easy and quick way to produce estimates for the main biological parameters and their 
associated variability and bias. 
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Species: Southern Hake 
Sex: mixed 
ORIGINAL DATA: von Bertalanffy 
Nonlinear regression model:  model:  length ~ L * (1 - exp(-k * (age - t0))) 
data:  parent.frame() 
L                  K                   T0 
85.0783325    0.1405240     -0.6200726 
residual sum-of-squares:  62466.45 
 
ESTIMATED PARAMETER 
Original           Boot      CV boot 
Linf  85.07833     85.10914     0.024 
k        0.140524      0.1406       0.041 
t0     -0.620073     -0.619285   0.058 

 
Table 1. Estimates of growth parameters’ uncertainty 
 

Species: Southern Hake  
 ORIGINAL DATA: RESULTS OF GLM  
Call: 
glm(formula = mat ~ len, family = binomial(link = logit), data = mad.tal.dat) 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-2.3524  -0.7237  -0.4130   0.7194   2.9390   
Coefficients: 
             Estimate Std. Error z value Pr(>|z|)     
(Intercept) -5.585703   0.162287  -34.42   <2e-16 *** 
Length         0.134759   0.004325   31.16   <2e-16 *** 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
(Dispersion parameter for binomial family taken to be 1) 
Null deviance:      5988.2  on 4885  degrees of freedom 
Residual deviance:  4593.0  on 4884  degrees of freedom 
AIC: 4597;    Number of Fisher Scoring iterations: 4 
ESTIMATED PARAMETERS  
        Original    Boot      CV boot 
B0     -5.5857  -5.5827     0.027   
B1      0.1348    0.1346     0.031   
L50  41.4495   41.4726    0.008   

 
Table 2. Estimates of maturity parameters’ uncertainty at length 
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Species: Southern Hake  
 ORIGINAL DATA: RESULTS OF GLM  
Call: 
glm(formula = mat ~ age, family = binomial(link = logit), data = mad.eda.dat) 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-2.9741  -0.9382  -0.4987   1.1260   2.3662   
Coefficients: 
            Estimate Std. Error z value Pr(>|z|)     
(Intercept)  -3.09405    0.15939  -19.41   <2e-16 *** 
Age              0.71472    0.03947   18.11   <2e-16 *** 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
    Null deviance: 2714.5  on 2005  degrees of freedom 
Residual deviance: 2266.2  on 2004  degrees of freedom 
AIC: 2270.2;  Number of Fisher Scoring iterations: 4 
ESTIMATED PARAMETERS  
    Original       Boot      CV boot 
B0   -3.0941   -3.1052    0.052   
B1    0.7147    0.7175     0.055   
A50   4.3290   4.3214     0.019   

 
Table 3. Estimates of maturity parameters’ uncertainty at age 

 
Species: Southern Hake  
ORIGINAL DATA: RESULTS OF NLS  
Nonlinear regression model 
  model:  weight ~ a * Length^b  
   data:  parent.frame()  
          a           b  
0.005424983 3.068325537  
 residual sum-of-squares:  3797810  
 
 ESTIMATED PARAMETERS  
    Original        Boot          CV boot 
a  0.005425   0.005427         0.076   
b 3.068326   3.068588          0.007  
 

Table 4. Estimates of length-weight relationship parameters’ uncertainty 
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Species: Southern Hake  
 PERCENTAGE OF FEMALES BY LENGTH  
   Length   %Orig  %Boot  CV-boot   n 
     14          100.0   100.0     0.000       1 
     15           25.0    25.0       0.865       4 
     16           50.0    50.0       0.414       6 
     17           33.3    33.3       0.424     12 
     18           46.7    46.7       0.099   120 
     19           42.9    42.9       0.087   163 
     20           44.3    44.3       0.078   194 
     21          49.8     49.8       0.073   207 
     22          49.2     49.2       0.073   197 
     23          52.0     52.0       0.068   204 
     24          49.4     49.4       0.075   166 
      ....         ......      .......      ........   ...... 
     ....          ......      .......      ........   ...... 
     70         100.0    100.0     0.000      1 
     76         100.0    100.0     0.000      1 
 
  

Table 5. Estimates of sex-ratio’s uncertainties at length 
 
PERCENTAGE OF FEMALES BY AGE  
 
Age %Orig  %Boot   CV-boot   n 
   0      35.3     35.3      0.327     17 
   1      53.2     53.2      0.066   205 
   2      49.9     49.9      0.044   499 
   3      48.4     48.6      0.045   535 
   4      65.7     65.7      0.038   364 
   5      79.0     79.0      0.036   214 
   6      82.6     82.6      0.043   121 
   7      86.0     86.0      0.060     43 
   8      89.5     89.5      0.079     19 
   9    100.0   100.0      0.000       3 
  10   100.0   100.0      0.000       3 
 
 

Table 6. Estimates of sex-ratio’s uncertainties at age 
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Figure 1. Plot of deterministic and stochastic models and residuals’ patterns for 

growth.
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Figure 2. Plot of  probability profiles (density’s functions) and q-q plots for growth 
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Figure 3. Plot of deterministic and stochastic models, residuals’ patterns for 

maturity at length and probability profiles (density’s function) and q-q 
plot for L50.
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Figure 4. Plot of deterministic and stochastic models, residuals’ patterns for 

maturity at age and probability profiles (density’s function) and q-q plot 
for A50.
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Figure 5. Plot of deterministic and stochastic models, residuals’ patterns for 

length-weight relationship and probability profiles (density’s function) 
and q-q plot for parameters estimated.
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Figure 6. Plot of sex-ratio percentages at length and age. 
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