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Executive summary

Methods to evaluate the accuracy of fisheries statistics used for assessments are
documented in the workshops WKPRECISE (held in Copenhagen from September 8-
11 2009) and WKACCU (held in Bergen, Norway, 27-30 October 2008). Accuracy is
determined by the amount of bias and the precision of estimates of key parameters.
The WKACCU workshop focused on identifying the sources of bias in parameter
estimates and data collection procedures used to assess national level fisheries data.
The WKPRECISE workshop focused on sources of variability and on the procedures
to estimate the precision of national level fishery statistics (quantities landed, dis-
cards, fishing effort, CPUE) and biological data collected from the fisheries. While
precision of fisheries statistics can be improved by increasing the sample sizes in data
collection programs, this will generally not reduce bias. It was recognized by
WKPRECISE that measures of precision estimates based on fisheries data used for
assessments only are meaningful for catch sampling programs that obtain representa-
tive data. A minimum requirement should be that the sampling programs pass basic
checks for bias using the scorecard developed by WKACCU. Several national sam-
pling programs were presented and reviewed during WKPRECISE. Discussions fo-
cused on survey design requirements and best practises in data collection programs
that facilitate the quantification of precision of estimates based on national level fish-
ery statistics (quantities landed, discards, fishing effort, CPUE). Procedures to assess
the precision on a national level of biological data collected from the fisheries were
examined. The WKPRECISE documented the complexity of typical fisheries sampling
programs, including stratification and further grouping into métiers. Estimators of
precision for key parameters must take into account clustering effects that are caused
by multi-stage sampling. Cluster sampling is generally unavoidable in biological data
collection programs for fisheries, and is also motivated by practical and administra-
tive considerations. Catch sampling is generally done in multiple stages, with stratifi-
cation at several levels. In the first stage, a stratified sample of vessels/trips, for
example, may be chosen for catch sampling. For selected trips, fish from the entire
catch, or from sub-samples of catches, may be sorted by species, weighed, and meas-
ured for length. Age-samples are often collected in the last stage (e.g., within a sub-
sample of catch from a trip), either randomly from a sub-sample of fish measured for
length, or randomly within length classes (length-stratified sampling). This multi-
stage sampling requires that estimators of key parameters for total catches in a fish-
ery appropriately accounts for the hierarchical structure of the data, and in particular
clustering effects that may drastically reduce the effective sample sizes. The reason is
that fish caught during one trip often have more similar characteristics then the gen-
eral population of fish from all trips. Assumptions of simple random samples of fish
from the total population of fish in the catches cannot be reasonably met when sam-
pling is done in multiple stages.

Sources of variability for key parameters were examined by WKPRECISE, but only
general guidelines for the estimation of precision could be documented as the de-
tailed specification of estimators are directly linked to the particulars of survey de-
signs employed in each program. The WKPRECISE workshop reviewed a list of key
parameters & statistics used for supporting stock assessments and to identify ap-
proaches and recommendations for estimating precision. The focus was on the same
tables of parameters that were documented in WKACCU (2008) for consistency, and
on documenting cases where the analysis tools developed in the EU COST project
were appropriate for estimating parameters and precision. The Cost project devel-
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oped open source software in R that can be used to estimate fisheries statistics and
associated precision for a wide range of catch sampling programs. The estimation of
precision for métiers received special attention during WKPRECISE. A métier or
other study domains chosen in advance may coincide with the strata adopted for
stratified sampling, or may cut across them. Standard stratified estimators cannot be
applied when métiers cut across strata. The estimation of precision of estimates for
métiers must take into account that the statistical weights for the samples will depend
on the stratum in which they belong, and often involves post adjustments of sample
weights. Post-stratification of the samples (primary sampling units) may be used
when the total catches in each métier is known. This is the method implemented in
the COST program. The pooling of métiers also requires post-adjustments of sample
weights, or imputations when data are missing in some métiers. It was noted by
WKPRECISE that the practice of quota sampling to achieve a desired sample size
(e.g., number of trips) in métiers may result in biased estimates of key parameters.

WKPRECISE recommends that catch sampling programs be based on statistically
robust survey designs with clear definitions (and documentation) of; the sampling
frame, the primary sampling units (PSUs), the stratification schemes employed, and
the methods used for selecting samples in each stratum. The statistical estimation of
precision requires that representative catch sampling be conducted using probability-
based methods (to the extent possible within logistical constraints). Ad-hoc sampling
rules out the estimation of precision and should be avoided. WKPRECISE also rec-
ommends that the precision of estimates of key parameters is given in terms of stan-
dard errors or relative standard errors (often referred to as the coefficient of variation
for a parameter estimate). In addition, the number of primary sampling units ob-
served along with estimates of the effective sample size for the associated estimate
should be given. This is because the variances of key estimates are typically driven by
the number of PSUs sampled, and so the effective sample size is usually much
smaller than the total number of individuals sampled. If age-length keys (ALKSs) are
used to estimate age-distributions, then it must be noted that the precision of such
estimates cannot be evaluated unless the age-length data are coupled to the primary
sampling units from which the age and length data were collected. The accuracy of
estimates of age-distributions based on static ALKSs that do not take into account the
survey design of the catch sampling programs (or ALKs derived from ad-hoc sam-
pling) cannot be assessed.



ICES WKPRECISE REPORT 2009

1 Introduction

1.1 Terms of reference

A Workshop on Methods to evaluate and estimate the precision of fisheries data
used for assessment [WKPRECISE] (Co-chairs: Jon Helge Volstad and Sondre Aanes
IMR, Norway) was held at ICES Headquarters, 8—-11 September, 2009 to:

a) Review the sources of variances and establish procedures to assess the pre-
cision on national level of fishery statistics (quantities landed, discards,
fishing effort, CPUE) using available data, and advice on best practices;

b) Review the sources of variability and establish procedures to assess the

precision on national level of biological data collected from the fisheries.

c) Suggest quality assurance indicators for the quantities described in a) and

b) to be implemented by the quality assurance framework for assessment

input data.
WKPRECISE will report by 30 October 2009 for the attention of PGCCDBS and

ACOM.

Supporting Information

PRIORITY:

Very high priority because variance and/or precision is crucial for guiding
action. In fact, imprecise data may result in wrong decision, leading to
disasterous assessments and to waste of resources. It was decided that this
workshop will follow after the WKACCU workshop which solely focus on the
bias component of accuracy.

SCIENTIFIC
USTIFICATION AND
RELATION TO
ACTION PLAN:

In the current DCR and other national sampling programs and -strategies, data
quality is almost solely addressed by means of target precision levels for a
number of fishery-related and stock-related parameters (fishing effort,
quantities landed and discarded, age composition of the landings and discards,
growth curves, maturity and fecundity ogives, etc.). However, it is not because
an estimate is precise that it is also accurate.

The workshop will aim at establishing standardized/joint methods and
indicators for evaluating and estimating the precision of submitted fisheries
data. Definitions of standards (i.e., minimum requirements) should be made.
Some laboratories have already developed suitable tools for such precision
estimation, e.g., the EU COST-project (EU FISH/2006/15:lot 2) and the
Norwegian ECA-model may contribute to this issue.

RELATION TO
STRATEGIC PLAN:

RESOURCE DCR (EU Data Collection Regulation) data collection system, and other national

REQUIREMENTS: systems and data sources.

PARTICIPANTS: In view of its relevance to the DCR, the Workshop is expected to attract wide
interest from both ICES Member States and Mediterranean EU Member States.
The workshop will benefit from the attendance of managers, fishers and people
from the fishing industry.

SECRETARIAT ICES HQ general facilities

FACILITIES:

FINANCIAL:

To ensure wide attendance of relevant experts, additional funding will be
required, preferably through the EU, e.g. by making attendance to the
Workshop eligible under the DCR.

LINKAGES TO
ADVISORY
COMMITTEES:

ACOM and its assessment Working Groups.
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LINKAGES TO This workshop was proposed by PGCCDBS. Outcomes from this Workshop
OTHER will be of interest to the Living Resources Committee and the Resource
COMMITTEES OR Management Committee.

GROUPS:

LINKAGES TO There is a direct link with the EU DCR and outcomes from this Workshop will
OTHER be of interest to several RFOs, including NEAFC, JNRFC, GFCM and NAFO.
ORGANISATIONS:

COST SHARE:

1.2 Background for the workshop

For the current Data Collection Regulations (DCR) in the EU, and for other national
sampling programs and sampling strategies, the quality of the resulting estimates is
primarily addressed by means of setting target precision levels for a number of fish-
ery-related and stock-related parameters (fishing effort, quantities landed and dis-
carded, age composition of the landings and discards, growth curves, maturity and
fecundity ogives, etc.). However, even if an estimate is precise it is not necessarily
accurate. For example, estimates of landings that are based on sales slips will usually
be very precise, but they may be very inaccurate if there are significant unreported
landings. Similarly, estimates of the length distribution of the landings may be very
inaccurate if they only cover a small part of the spatial distribution of the total land-
ings. Therefore, there is a need for objective indicators of data accuracy that could be
taken into account when designing and evaluating sampling programs.

Methods to evaluate the accuracy of fisheries statistics used for assessments were
addressed in the two workshops WKPRECISE (held in Copenhagen from September
8-11) and WKACCU (held in Bergen, Norway, 27-30 October 2008). The accuracy of
estimates of key parameters is determined by the amount of bias and precision
(Lessler and Kalsbeek 1992). The WKACCU workshop focused on the identification
of sources of bias in parameter estimates and data collection procedures used to as-
sess the quality of national level fisheries’ data. Bias is a systematic departure of esti-
mates from the true value caused by non-representative data collection, poor
estimators, and other persistent factors. Bias can generally not be quantified because
the true value is seldom known. The WKACCU workshop therefore developed rec-
ommendations on best practices to minimize or eliminate sources of bias in field data
collection procedures and in analytical methods. A practical framework for detecting
and flagging potential sources of bias in fisheries data collection programs was de-
veloped. A simple score-card of indicators of bias for a suite of parameters that are
important for stock assessments was constructed. The scorecard can be used to
evaluate the quality of data sources used for stock assessments and to reduce bias in
future data collections by indentifying steps in the data collection process that must
be improved.

WKPRECISE focused on the sources of variability and the procedures to estimate the
precision of national level fishery statistics (quantities landed, discards, fishing effort,
CPUE) and the quality of biological data collected from the fisheries. It should be
noted that measures of precision of fisheries data used for assessment only are mean-
ingful for sampling programs that pass basic checks for bias using the scorecard de-
veloped in WKACCU.
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2 Adoption of the agenda

The list of participants and the adopted agenda is provided in Annex 1 and 2, respec-
tively. A list of working documents and a compilation of the oral presentations dur-
ing the workshop is in Annex 3. All the working documents and oral presentations
are available from the author(s) or the co-chairs.

3 Sampling design and estimation of precision

3.1 Best practices in fishery sampling programs

To establish some basic terminology, let us consider that we may want to conduct a
survey to estimate the composition (e.g., length distribution of a species ) of the total
catches taken by a fleet in a particular geographic region during a quarter. We could
define our sampling frame to be all the fishing trips by all vessels in that region and
quarter. Then the elements of this frame (primary sampling units) would be the indi-
vidual fishing trips by each vessel. The unknown population parameter that we wish
to estimate is the composition of the total catch taken by all vessels that fished in the
region and quarter. This can be achieved by selecting a representative sample of trips,
followed by representative sampling from the catches of each selected trip.

Virtually all sample surveys for the monitoring and assessment of fisheries are com-
plex because of their multistage, stratified and clustered features (see Skinner et al.
1989; Lehtonen and Pahkinen 1996.). National- and international —level fisheries sur-
veys often cover multiple fleets and gear types and additionally, government regula-
tions often dictate that a wide range of fisheries statistics and biological parameters
be quantified, and this adds to survey complexity.

The sampling design employed in fisheries monitoring programs should be carefully
specified and documented, including a detailed description of the sampling frame,
the sampling units in each stage, sample sizes at each level, detailed description of
stratification of sampling units at each stage, etc. (see Cochran, 1977; Jessen 1978.) The
procedures for selecting sampling units should be described and if it is not by prob-
ability-based selection the rationale for adopting an alternative procedure should be
provided.

The key requirements of optimal schemes to collect biological data and statistics from
fisheries are (a) to minimise bias and (b) to maximize precision for a given cost (or to
minimize cost to achieve a specified precision.).
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The following figure illustrates bias and precision for a parameter of interest, where
the target, true value is the bull’s-eye:

Precise Imprecise

[Unbiased

Biased

Precise and unbiased estimates of the target values are accurate (upper left corner). It
should be noted (and emphasized) that accurate estimates cannot be obtained from
significantly biased sampling schemes. Indicators of bias developed by WKACCU
2008 are intended to identify the existence of bias in data collection schemes. Bias in
fisheries sampling programs can arise because of problems such as fishing vessels
refusing access to catches for sampling, even if the original sampling scheme was
unbiased, or because the initial sampling scheme did not have a proper probability-
based statistical design. A form of probability-based sampling is required to obtain
reliable estimates of precision. The chance of each element (e.g., a fishing trip for a
fleet-segment) being selected must be known, but need not be equal. Probability
sampling in surveys ensures that the sampling errors can be estimated based on the
data collected, which is not mathematically justifiable when ad-hoc sampling meth-
ods are used. Probability sampling must be used at each stage of the sample selection
process in order to generate unbiased estimates with quantifiable precision. For ex-
ample, the first selection stage may involve choosing vessels or trips, while the last
stage involves selecting the samples of fish to be measured. There is no statistical
theory to guide the use of ad-hoc samples, for which the reliability can only be
judged subjectively. Failure to use probability-based sampling techniques will often
lead to bias in survey estimates of unknown magnitude and direction (under-
estimates or over-estimates). The precision of sampling estimates, for example as
measured by their standard errors or relative standard errors, can only be estimated
when probability sampling is employed.

Non-probability sampling is frequently used in fisheries monitoring programs in
spite of theoretical deficiencies because of logistical constraints, cost considerations,
and convenience. Judgmental sampling is an ad-hoc method that relies upon “ex-
perts” to choose the sampling units (e.g., trips or vessels), for example based on their
opinions of which units are representative of the target fishery. This type of sampling
is subjective and highly dependent on the choice of experts themselves, and should
therefore be avoided if possible. With probability-based sampling, by contrast, the
vessels/trips can first be stratified using, if necessary, whatever subjective criteria the
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design team wishes to impose; and then a random sample of vessels or trips can be
chosen from each stratum. Effective stratification can increase the precision of survey
estimates and greatly reduces the likelihood of selecting an unrepresentative sample.

Quota sampling (e.g., Jessen 1978, pp 195-197) is a procedure used by many commer-
cial and governmental survey organizations to ensure a specified number of samples
from a sub-population of interest (domain). A métier (e.g., Marchal 2008) defined by
fishing area and/or gear sub-sets, and time period (i.e. month) is an example of a do-
main in fisheries sampling programs. The domain of interest could be the characteris-
tics of catches from all trips within a métier. Vessels and trips may not be classified
by métiers in advance of a survey, and hence are not statistical strata where sample
sizes can be controlled. Quota sampling has been suggested for sampling catches in
métiers so that each métier will have a desired sample size. The problem is that the
sampler must use his or her judgment to select the sampling units (e.g., trips) from
each métier to obtain the prescribed sample size. This subjective choice of sampling
units means that quota sampling is a non-probability sampling scheme. It is difficult
to determine the precision of final estimates in terms of probability, and the method
has similarity with simple judgement sampling, and may only be justified for small
samples where the possible reduction in sampling errors may offset the effects of
unknown biases (Jessen 1978). Quota samples may produce biased estimates because
not every primary sampling unit gets a chance of being selected (see Cochran 1977).
For example, if vessels from two métiers often return to port at roughly the same
time, then the vessel from the métier with the larger sample size quota would tend to
be selected and the other vessel would have little or no chance of being sampled. A
more statistically sound procedure would be to use a probability based sampling
scheme whose expected number of samples in each métier is of the desired size. This
can be achieved by using a balanced sampling design (see Tillé 2006) with equal or
unequal inclusion probabilities for the primary sampling units. By using all informa-
tion available about the fishery to guide the survey design, the sample sizes obtained
for each métier will be close to the desired number. Though the sample sizes will
vary from the prescribed values, the possibility of biased estimates caused by quota
sampling will be eliminated.

3.2 Defining Sampling Frames

For fisheries surveys, the population of interest may be the total catches from all fish-
ing trips. However, it is not possible to identify a list of catches from all fishing trips,
and to select a random sample of catches in a forthcoming fishery. A sampling frame
cannot be based directly on the catches since these are not known in advance. In-
stead, a sampling frame may be derived from a list or map that is used to select rep-
resentative vessels from the total “population” of vessels. Sampling frames are often
classified as list frames or area frames. Let us assume that the population elements
are individual vessels and trips that accounts for the total catches in a fishery. A list
frame is a list or registry of vessels that contains individual frame units that corre-
spond to either individual population elements (trips) or clusters of individual popu-
lation elements (trips within vessels). An area frame is comprised of a set of
geographic subareas or spatial locations that may contain clusters of individual target
population elements. An indirect frame such as a list of ports provides direct access
to individual subsets, or clusters, of vessels and trips on selected days. The individual
ports and days within such a frame are the clusters, and each cluster may contain one
or more individual population elements (vessels and trips that land their catches at
the selected port and day).



ICES WKPRECISE REPORT 2009

Available sampling frames for use in surveys of a specific fishery usually have imper-
fections. The ideal sampling frame provides direct access to all vessels and trips for
catch sampling. If a frame does not include all vessels, for example, then it suffers
from under-coverage of the target population. Under-coverage can result in serious
biases in estimates of key parameters extrapolated to the entire fleet if the fishing
operations of the non-covered component of the fleet differ significantly from the
vessels covered by the frame. The identification of a representative frame with suffi-
cient coverage of the fleet operations demands the judgment of experts in the particu-
lar fishery being studied. Statistical theory warns us about the uncertainties in
extrapolating from a sample of vessels and trips to the frame. Incomplete or inade-
quate sampling frames result from failing to identify and include all vessels within a
fishery and from including vessels that are not actively fishing. A sampling frame
that can be used to select representative fishing trips for catch sampling may be based
on a registry of vessels (preferably the entire population of vessels that participate in
the fishery of interest) with appropriate contact information. Not all frames explicitly
list population elements (e.g., vessels and trips). For example, a list or map of ports
can be used as a frame for sampling catches from fishing trips. Although this frame
doesn't show individual vessels or trips, a random sample of ports may be visited on
random days, and then all vessels/trips or a subsample may be selected for catch
sampling from each port and day. One advantage of such a frame is that it would
include vessels that have recently entered the fishery that were not yet included in
the registry of vessels available during the planning of the survey.

The goal of selecting vessels for catch sampling should be to obtain data from trips
that are representative of actual fishing operations over the entire fishing season and
the full geographic range of the fishery, as well as of vessel type, gear type, and tar-
geting strategy (NMEFS 2004). In observer programs, available resources typically
allow for observing only a fraction of the vessels in a given fleet. Precise estimates of
catch composition and key biological parameters, nevertheless, can be achieved by
sampling only a small fraction of vessels in the fleet if the sampled vessels are repre-
sentative and the sample size is sufficient. Ad-hoc vessel selection has the greatest
potential for generating bias because this method does not guarantee that repeated
selections result in samples that, on average, represent the fleet. Conducting a prob-
ability-based survey with 100% compliance (i.e., all selected vessels agree to take an
observer) would also eliminate sample bias. All the methods that involve randomiza-
tion (i.e., selection of vessels with known inclusion probabilities) fall in the category
of “probability-based’” sampling. Probability-based selection of vessels does not guar-
antee that observer data can be collected representatively because various constraints
can limit an agency’s ability to place observers on all selected vessels. For fisheries
surveys where observers are placed onboard selected vessels and trips, concerns re-
garding safety of selected vessels or lack of accommodations may limit the pool of
sampled vessels and reduce the ability to achieve a representative sample (NMFS
2004). Bias related to deployment can sometimes nullify the benefit of a well-planned
survey. In effect, an inability to place observers on selected vessels is equivalent to
implementing a program with an incomplete sampling frame because a portion of the
fishery fleet is eliminated from observation.

3.3  Stiratification

For stratified sampling of a population, the elements in the sampling frame (e.g., list
of vessels), are divided into non-overlapping subpopulations that together comprise
the entire population (e.g., the whole fleet). Stratification often increases survey preci-
sion for a given sampling effort and also ensures that precise estimates can be ob-
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tained for selected subpopulations. The stratification should be specified in advance
of data collections and is a way to control the number of samples in, e.g., particular
subareas or vessel categories. Stratification of the fishing fleet may be based on the
physical characteristics of the vessels (e.g., length, horsepower, and tonnage) and
various variables used to characterize a fishing activity. The strata weights for the
stratified estimates of key parameters (e.g., abundance at age) are the number of
population units (e.g., number of vessels/trips) in each stratum.

If the assumption that the total catch for each trip is known without error is valid,
then strata weights for the estimation of catch composition and biological characteris-
tics may be based on the total catch in each stratum. Given that the assumption that
the total catch is accurately known is usually not valid, it is probably best to use the
number of primary units in each stratum to weigh the stratum estimates. Even if the
total catch is known accurately in each stratum, it is not clear which set of weights
would generate the most precise estimates.

A stratified sample is obtained by taking samples of predetermined size from each
stratum or sub-group of the population. Frequently samples are allocated to strata in
proportion to some attribute of the strata. One approach is to allocate samples to
strata in proportion to strata sizes. More trips may be selected from strata that ac-
count for a large portion of the total catches, for example. Stratified sampling may
produce a gain in precision for estimates of characteristics of the aggregate catch of a
fishery. It may be possible to divide a heterogeneous population of vessels and trips
into subpopulations, each of which is homogenous. As mentioned above, all vessels
in a fleet might be grouped by characteristics such as vessel size, target species, gear
type, geographic fishing area, etc. Temporal stratification may be employed in addi-
tion to this grouping of vessels to ensure that catch sampling is spread out during the
fishing season, and to allow for larger sample sizes (e.g., sampling of more trips) dur-
ing periods that normally account for a large portion of the total catch. If the catches
in each stratum are more homogeneous than the fleetwide catches with respects to
species composition, length and age composition by species, and other characteris-
tics, then precise estimates of stratum means can be obtained from relatively small
samples in each stratum. These estimates can then be combined into a precise esti-
mate for the whole population.

Documentation of the stratification system should include stratification variables,
strata boundaries, and reasons for the adopted stratification strategy. If multi-
stage/phase sampling is being used, stratification for each stage/phase should be
documented.

3.4 Defining study domains (sub-populations of interest)

A study domain is defined as a major segment of the population for which separate
statistics are needed (Statistics Office of the United nations, 1984; Cochran 1977). A
study domain would typically be a sub-population (or sub-set of the sampling frame)
identified in the overall statistical plan as one for which a certain level of precision is
required. An example of study domains in fisheries catch sampling programs is the
métier system for grouping catches used in the current Data Collection Regulations
(DCR) in the EU, where target precision levels are set for métiers. Métiers often reflect
the fishing intention of vessels, e.g. the species targeted, the area visited, and the gear
used, at the start of a fishing trip. However, there are many situations where fishing
intention cannot be observed directly, and can only be estimated retrospectively by
examining the catch profiles resulting from fishing trips, or from interview data. A
métier or other study domains chosen in advance may coincide with the strata
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adopted for stratified sampling, or may cut across strata. Standard stratified estima-
tors must be modified when domains cut across strata since the inclusion probabili-
ties for the sample units (e.g., trips) will depend on the particular stratum a unit is in
(Cochran, 1976, Section 5A.14).

Ideally, catch sampling programs employ statistically valid survey designs, using a
clearly defined sampling frame which is known from the onset (at the time of choos-
ing the units) and using clearly defined probability-based rules to select PSUs. In this
way the probabilities of choosing the PSUs are known, and design-based estimates of
the parameters of interest can be obtained. This does not mean that the notion of mé-
tier cannot be used when designing the survey. On the contrary, using all informa-
tion that is available (e.g. results from last year), one should attempt to allocate
sampling effort in such a way that samples are balanced across the domains of inter-
est (e.g. métiers). In this sense, the sampling is targeted at the trip-level for a fleet, and
métiers are domains of interest that are addressed at the estimation stage.

While expected sample sizes per domain of interest (métier) can be computed at the
stage of the design of the survey, realized sample sizes will only be known once the
survey is completed. Thus, large métiers will be covered but smaller ones may have
insufficient sample sizes to allow independent estimates on the level of that métier.
Because the target sample sizes for métiers cannot always be achieved, some métiers
may not be sampled at all. Substituting for data in the case of missing data for métiers
is referred to as imputation. A sampling frame that is available at the onset of a sur-
vey, with effective stratification, may be used to balance samples across métiers.

3.5 Probability Sampling Methods

In probability-based sampling, each population unit (e.g., vessel/trip) in the sampling
frame has a known (non-zero) probability of being selected. Quota sampling is an
example of a non-probability-based scheme because there is no way to achieve a non-
zero probability of selection for vessels and trips that are not picked (Weisberg, Kros-
nick, and Bowen 1996). Levy and Lemeshow (1999) demonstrate the differences be-
tween probability-based and non-probability-based sampling schemes.

There are a wide range of probability sampling designs that can be used to draw a
sample of elements from a sampling frame, and each design dictates a different spe-
cific set of estimation formulas for point estimators and point estimator variances
(Seerndal et al, 1992). The different possible designs offer advantages and disadvan-
tages that should be considered in the selection of the design to be used for a particu-
lar survey.

Methods for selecting vessels and trips from a sampling frame based on a list of ves-
sels include: (1) census (i.e., all trips from all vessels in the sampling frame are ob-
served), (2) random sampling with replacement of vessels, (3) stratified random
sampling with replacement, (4) stratified random sampling without replacement, (5)
systematic random sampling, and (6) ad-hoc selection of vessels and trips. Of these
methods, ad-hoc selection of vessels is the most likely to produce bias (Velstad and
Fogarty 2006).

A census of all trips by all vessels in the sampling frame would eliminate vessel selec-
tion as a potential source of bias but could be prohibitively expensive and would not
eliminate bias due to errors in the frame. Random or stratified random selection of
vessels is a cost-effective means of minimizing bias in general, but logistical con-
straints may limit representative catch sampling on randomly selected vessels. In this
case, an ad-hoc selection of vessels from the frame, with full compliance, may cause
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no more systematic error than a random selection with poor compliance. Bias related
to errors in the sampling frame (list) from which vessels are selected for observation
can occur when the list fails to include all active vessels in the fishery for which infer-
ences about catch and bycatch are to be made (Volstad and Fogarty 2006, NMFS
2004). If the list omits an appreciable portion of vessels in the fleet for which esti-
mates are required, then even a census (i.e., placing observers on all vessels and trips
on the list) could yield poor (biased) estimates of catch and bycatch. Errors in the
sampling frame can result when using lists of vessels that are not up-to-date, or if
vessels are included that are not actively fishing. If the fraction of vessels not ob-
served accounts for an appreciable portion of the total catch for a fishery, then the
resulting bias in overall estimates of catch and bycatch based on observer data could
be significant.

With a sampling design in place, it is important to plan in detail how data will be
processed, audited, and edited for quality control and assurance. It will also be im-
portant to specify any methods to be used for imputation of missing data. The spe-
cific estimation formulas to be used for point estimators and measures of the
precision of those point estimators (variance estimators) should be based on the se-
lected sampling design.

3.6 Sample size determination

The number of primary sampling units (e.g., trips, or vessels) is of particular impor-
tance for the cost of a monitoring survey and to a large extent determines the level of
precision that can be achieved for key parameters estimates. In practice the survey
itself can have only one sample size for the primary sampling units (e.g., vessels, or
trips). When there are many key parameters the sample size needed to achieve a tar-
get precision level for each may be calculated, and then use the largest sample size.

Sample size determination depends critically on the degree of precision wanted for
the key indicators. The more precise or reliable the survey estimates must be the
greater the sample size must be. Survey managers must obviously be cognizant of the
impact that overly stringent precision requirements have on the sample size and
hence the cost of the survey, while simultaneously being careful not to use such a
small sample size that the main indicators would be too unreliable for informative
analysis or meaningful planning.

Another significant factor that has a large impact on the sample size is the number of
domains, defined as the analytical sub-groups for which equally reliable data are
wanted (e.g., métiers). The sample size is increased approximately by a factor equal
to the number of defined domains, because sample size for a given precision level
does not depend on the size of the population itself (e.g., number of vessels or trips),
except when a significant percentage, say, 10-percent or greater, of the population is
included in the sample. Thus, the sample size needed for a domain (e.g., métier) may
be nearly the same as that needed for an entire fishery. When the target precision is
equal for all domains, disproportionate sampling rates must be used. It is important
to note that deliberate over-sampling of sub-groups, whether for domains or strata,
not only necessitates the use of compensating survey weights to form the national-
level estimates, but the latter are somewhat less reliable than would be the case if the
sample were distributed proportionately among the sub-groups of the population.
Clearly, the number of domains has to be carefully considered when resources are
limited. One strategy is to decide which domains, despite their importance, would
not require equal reliability.
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When setting target sample sizes for age data it is important to account for the com-
plex multi-stage sampling schemes, and the resulting clustering of age-data. Precision
in age-distributions by species is typically driven by sample sizes for the primary
sampling stage (e.g., number of vessels/trips), and to a lesser extent by the number of
age-readings from each trip (e.g. Volstad et al. 1997.) It is recommended practice to
document the number of primary sampling units sampled along with mean number
of otoliths collected per PSU in catch sampling programs.

3.7 Methods for estimating fisheries statistics and biological parameters

For probability-based fisheries surveys, primary sample units are selected based on a
random process, such that different units may have equal or different selection prob-
abilities. These probabilities are taken into account in the analysis to construct unbi-
ased estimates. There are basically two main approaches for obtaining statistically
valid estimates of key parameters from survey data, namely design-based methods
and model-based (or model assisted) methods. Design-based and model-assisted
estimators refer to a class of estimators that expand or weight the observations in the
sample to obtain population estimates which include the survey probability weights.
Survey weights are derived from the inclusion probabilities of the samples and avail-
able auxiliary information about the target population to obtain design-unbiased
estimators for the unknown population parameters of interest. The associated infer-
ences are based on the probability distribution induced by the sampling design with
the population values held fixed. In the design-based approach, the statistical infer-
ence is based on the stochastic structure induced by the sampling design. Parameter
and variance estimators are derived under the concept of repeated random samples
from a finite population according to the actual sampling design. This is the tradi-
tional approach of survey sampling theory (e.g., Hansen, et al. 1953; Kish 1965; Coch-
ran 1977, Lehtonen and Pahkinen 2004). Sdrndal et al., (1992) expands this theory to
include model-assisted inferences that use auxiliary information. In model-based
estimation, the inference is based on the probability structure of an assumed statisti-
cal model, and the inclusion probabilities of the samples play a lesser role. This is the
approach taken by authors like Gosh and Meeden (1997), Valliant et al. (2000), and
Rao (2003).

Catch sampling programs often results in the clustering of data, for example due to
repeated measurements of catches taken by selected vessels over time, or due to sub-
sampling of the primary sampling units (trips). Since independence among sample
observations is a key assumption underlying standard statistical procedures, the
presence of clustering in the data should be accounted for in the analysis. That is, the
primary units are generally a random sample (of the population of primary units),
while the individuals selected from the primary units are not a random sample of
individual fish from the entire catch population.

In fisheries catch sampling programs, data on catch composition (e.g., length and age-
distribution of a species) and other parameters are often collected from clusters of
fish (e.g., from catches by trip), and the variance of parameter estimates is largely
influenced by the number of clusters, not the total number of fish in the sample.
Therefore, precision will only be significantly improved if the number of clusters
sampled is increased and not by increasing the number of fish sampled from each
cluster.

Clustering as well as the effects of stratification can be measured by the so-called
design effect (deff), which compares the sampling variance (square of the standard
error) for stratified, cluster sampling, with the variance of a simple random sample of
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fish of the same size as the total number of fish in the cluster sample. Stratification
tends to improve the sampling variance to a small degree, so that deff indicates, pri-
marily, how much clustering there is in the survey sample (Kish 2003). To keep the
design effect as low as possible, it is generally best that as many primary sampling
units (vessels, or trips) as feasible be sampled.

The estimation of precision of parameters & statistics used for supporting stock as-
sessments (Annex 4) was discussed in general during WKPRECISE. Where appropri-
ate it was indicated where the EU COST software may be used to estimate the
precision of these parameters.

3.7.1 Design-based estimation approaches

Fisheries scientists often employ sample survey methodology to obtain information
about a large aggregate of catches from a fleet by selecting and measuring a sample
of catches from a sample of fishing trips. Due to the variability of catch characteristics
among items in the population, a good practice in data collections is to apply scien-
tific sample designs in the sample selection process to reduce the risk of biased esti-
mates of, e.g., the catch composition across all trips in the fleet. Inferences about the
population (e.g., length composition of the total catch of a species in all trips, or num-
bers at age from length-stratified sampling within trips) are based on the information
from the sample survey data. In order to make statistically valid inferences for the
population (e.g., all trips), the sample design must be incorporated in the data analy-
sis. Design-based methods for analyzing survey data can be implemented using read-
ily available computer programs in several user-friendly software packages.

Complex sample survey designs include aspects such as unequal probability sam-
pling, multistage sampling, and stratification. Weighted analyses are necessary for
unbiased (or nearly unbiased, but consistent) estimators of population parameters.
Variance estimation for estimators depends on the survey design and often requires
approximate methods such as the Taylor series linearization or replication tech-
niques.

The estimation of the precision of estimates for métiers must take into account that
the statistical weights of samples will depend on the strata to which they belong, and
often involves post adjustments of sample weights. Post-stratification of the samples
(primary sampling units) may be used when the total catches in each métier are
known. This is the method implemented in the EU COST computer program
(http://wwz.ifremer.fr/cost.) The pooling of métiers also requires post-adjustments of
sample weights, or imputations when data are missing in some métiers.

We very rarely, if ever have a random sample of individual animals but in practice
fish are sampled from clusters of fish. For example, fish that are caught together at a
station form a cluster. Other examples of sampling clusters are: the fish caught dur-
ing a fishing trip, the fish in a particular market and the fish in a processing plant.
From each cluster, fish for aging, measuring, efc. are selected, that is such data are
often generated by two-stage cluster sampling. If the sample consists of a total of m
fish from n clusters, then the individual animals are not a random sample from the
entire population. This is because animals caught together tend to be more similar
than animals in the entire population (i.e. there is positive intra-cluster correlation).
The practical implication of positive intra-cluster correlation is that a sample of ani-
mals caught in clusters will generally contain much less information on the popula-
tion structure than an equal number of fish sampled at random, that is the effective
sample size is much smaller than the number of animals sampled (Pennington and
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Velstad, 1994; Pennington ef al., 2002; Aanes and Pennington, 2003; Helle and Pen-
nington, 2004.) Therefore, if an estimate of the variance is based on the assumption
that the sample is simple random, then the estimate will generally be highly biased.
Given a random sample of n clusters and a random subsample of m:i fish from a total

of M ; individuals in cluster i, then the design-based estimator
n
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is an approximately unbiased and a consistent estimator of; (1) the mean age or
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length of the population if X; is the average age or length of the sample of m; fish

from cluster i or; (2) the proportion at age or length in the population if ii is the

estimated proportion of fish of a specific age or length class in cluster i (Skinner et al.,
1989; Lehtonen and Pahkinen, 2004). This is a weighted average of the X ’s, where the
cluster sizes are the weights. Since both the numerator and denominator are random
variables this is a ratio type estimator (Cochran, 1977), and an exact variance formula
does not exist. The variance may be approximated using a Taylor expansion of (3) or
by resampling techniques, such as nonparametric bootstrapping (e.g. Efron, 1983).An
alternative to the design-based estimator, which in some situations may have a
smaller variance than the weighted estimator, is the unweighted average of the X ’s
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In general, the unweighted estimator, ,&2 , may be biased and this bias may not de-
crease with increasing sample size, but if X; and M, are uncorrelated, then ;}2 may
be an acceptable estimator (Cochran, 1977). If Mi and ii are correlated, then the ex-

pected bias of the unweighted estimator is

A Cov(M,, X,
Bias(u,) = —%,

where M is the mean cluster size. One reason that the unweighted estimator /i, is

sometimes used is that the sizes of the clusters, Mi, are unknown or not recorded,
and, hence, the resulting estimate may contain an unknowable bias. Therefore to
avoid this source of bias, it is important to define the clusters from which the sub-
samples are taken, record each sampled cluster’s size and use the appropriate estima-
tor.
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Standard statistical software packages generally cannot be used to analyze sample
survey data since they typically assume simple random sampling of elements
(equivalent to iid assumption in model-based approaches). Point estimates of popula-
tion parameters in an unweighted analysis will introduce bias, and/or underestima-
tion of standard errors for point estimates. Using the sampling weight variable with
standard packages yields appropriate point estimates of population parameters.
However, estimated standard errors usually are still incorrect because the variance
estimation procedure typically does not take into account the clustering and/or strati-
fication of the sampling plan. For design based methods, several software packages
include procedures for estimation from complex survey data':

e SUDAAN (http://www.rti.org/sudaan/index.cfm)

e  WESTAT (http://www.westat.com/)

e STATA (http://www.stata.com/capabilities/svy.html)

e Survey analysis package in R (package "survey",
http://faculty.washington.edu/tlumley/surveyy/).

These tools include several of the standard design-based methods for analyzing sur-
vey data, but we are not aware of any approaches within catch sampling utilizing
these tools.

3.7.2 Model-based estimation approaches

Multilevel modelling may be used to analyze hierarchical data from multi-stage sur-
veys. Some software packages (e.g., STATA) may be used to fit maximum likelihood
models to complex survey data, using a model-based sandwich estimator that con-
siders only the variation among model clusters (Pierre and Saidi 2008). When the
model (1) coincides with the hierarchy of the survey design, (2) the sample fraction of
primary sampling units is small, but still (3) a large number of PSUs (more than 50)
are sampled, then a model-based sandwich estimator performs well.

One model-based approach used in routine estimation of catch at age (e.g. Northeast
Arctic haddock, Northeast Arctic saithe, Northeast Arctic cod, ICES 2009) is the ECA-
model implemented at Institute of Marine Research (IMR), Norway. This Bayesian
hierarchical model for combining multiple sources of data to estimate catch at age
was originally developed by Norwegian Computing Centre, Oslo, Norway and Insti-
tute of Marine Research, Bergen Norway (Hirst et al. 2004; 2005), and has been incor-
porated in the COST program (http://wwz.ifremer.fr/cost.). Later developments of the
ECA-model include estimators for discards, and of stock structures based on charac-
teristics in the otolith (in prep.).

The ECA-model can include data of the form; random length samples, random
lengths and ages, and length stratified age samples, and estimates landings- and dis-
cards-at-age, and length- and weight-given-age. The model consists of submodels for
proportions at age, length given age, weight given length and a discard model. The
submodels include covariates for gear, season, area and year to provide estimates for
a stratum or groups of strata or domains.

1 U.S. Department of Education. National Center for Education Statistics. Strengths and Limitations of Using SU-
DAAN, Stata, and WesVarPC for Computing Variances from NCES Data Sets, Working Paper No. 2000-03, by
Pam Broene and Keith Rust. Project Officer, Susan Ahmed. Washington, DC: 2000.
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Recognizing the sampling frame and that the samples consists of clusters as the pri-
mary sampling unit (Aanes and Pennington 2003), the hierarchical sampling frame
with clusters such as haul/trip as the primary sampling unit and subsampling within
clusters for age, length or weight is maintained by including variance components
describing between and within cluster variance in the various submodels. It is as-
sumed that all samples are drawn from underlying distributions, super populations,
and probability weighing and finite population corrections are not considered. De-
tails of the model are found in Hirst et al 2005, and on the website for the COST pro-
ject (http://wwz.ifremer.fr/cost.)

3.8 Estimating age distributions

Methods for estimating age-distribution of fish from catch sample data received spe-
cial attention by WKPRECISE. Age distributions of species in the catches can be esti-
mated directly from age-samples collected from fisheries-independent surveys, or
indirectly by applying Age-Length-Keys (ALK; see e.g. COST 2009, Quinn and Deriso
1999) to estimates of length-distributions from length-samples. The WKPRECISE
recognized that the most common approach is the use of ALK's, but also noted that
methods employed for routine estimation of age-composition of catches often are
poorly documented. The use of ALK is the focus of this section.

When based on age-sample data directly, the proportions at age or length, and other
biological parameters estimated from the samples are raised to the total catch using
weighting factors determined by the survey design (design-based estimates), or using
models under various assumptions about how the samples relates to the population
of fish in the total catch. The workshop recommends a literature review of method
employed in the estimation of age-distribution of fish in catches.

3.8.1 Using Age-Length Keys to estimate age composition of fish

We are aware of various practices for estimating ALK's, but many methods are
poorly documented. The WKPRECISE could not evaluate an exhaustive list of prac-
tices in detail, but merely review some of the common practices. A common practice
is to pool the age samples available within a stratum, or even across strata, to form an
ALK. The trips are then combined by a mean of the PSU ALKs. If a trip (PSU) effect
in age given length is present (i.e., a cluster effect), then the un-weighted mean will
be biased. Using this approach, the multi-stage sampling design and the resulting
hierarchical structure of the data is typically not accounted for. This is often done in
practice if data from several PSU's (e.g., trips) are combined without the proper
weighting factors. We are also aware of situations where age samples are not avail-
able, and the ALK is considered known and constant based on best guesses. If an
unbiased and consistent estimator of the population distribution of age given length
is required, a weighted mean estimator should be employed, where the weights are
based on the total catches in each trip.

ALK's are commonly used to estimate age-distributions when lengths are sampled at
random from the primary sampling units, and age samples are collected from only a
subsample of the fish measured for length. An Age-Length-Key (ALK) classifies fre-
quencies of length | and age ainto nj, (Quinn and Deriso 1999). A common estima-

tor of the conditional distribution of age given length from a catch is
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(e.g. Quinn and Deriso 1999). This estimator applies to two-stage sampling, under the
assumption that a random sample of lengths are taken from the catch in the 1+ stage,
and that a subsample of ages (usually stratified by length) are obtained from the fish
measured for lengths in the 2nd stage, (see e.g. Quinn and Deriso 1999 p 303-304 for
further details). The numbers at age for the population of fish in the total catch is then
estimated as

N, =N p)p(all),
|

where p(l) is an estimate of the length distribution of the catch. This estimator is an

unbiased estimator for the population of fish, provided that Lis a simple random
sample from the population and that the n subsampled individuals for aging is a
random sample within length groups (strata), and variance estimators are available
(see for example Quinn and Deriso 1999, Morton and Bravington 2008). Notice that
this also covers the situation with only one length group covering all lengths which
in that case correspond to random subsampling of ages across all lengths.

Using the two stage approach described above with estimator (1), with length sam-
ples and age samples from different primary sampling units (e.g., from different
trips), causes biased estimates of the age distribution (Quinn and Deriso 1999, p 311)
and also introduce bias in the estimates of precision of proportions at age (see Quinn
and Deriso 1999 and references therein pp 313-317 for a discussion.) It is rarely pos-
sible to collect simple random samples of fish from the total catch in a fishery. In
practice, a form of multi-stage stage catch sampling is employed, where

1. A sample of PSUs (e.g., vessels/trips or hauls) are taken in the first stage

2. A random sample of L lengths are taken from the population of fish in the
first stage (e.g., from the catch of the selected vessel/trip, or haul), and

3. A subsample of n ages (usually stratified by length) are obtained from the
fish measured for lengths in the 2" stage, (see e.g. Quinn and Deriso 1999 p
303-304 for further details).

Stratification is typically employed at several stages of the sampling. We refer to the
standard survey sampling literature (e.g. Cochran 1977, Lethonen and Pahkinen
2004) for details on multi-stage sampling.
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4 DCF métier based sampling requirements in relation to sam-
pling design and precision estimation

Commission Decision 2008/949/EC specifies detailed rules for adopting a multi-
annual Community programme pursuant to Council Regulation (EC) No 199/2008
establishing a Community framework for the collection, management and use of data
in the fisheries sector and support for scientific advice regarding the common fisher-
ies policy. Central to this Data Collection Framework (DCF) is the concept of métier
based sampling for estimating discard quantities and length and age compositions of
landings and discards, and stock-based sampling for biological parameters such as
age, sex and maturity, with target precision levels for each parameter by stock.

The métier is defined in the DCF as a group of fishing operations targeting a similar
(assemblage of) species, using similar gear, during the same period of the year and/or
within the same area and which are characterised by a similar exploitation pattern.
The métiers are defined at Level 6 of the matrix given in Decision 2008/949/EC i.e.
gear type, target assemblage and mesh size. The DCF states that “in order to optimise
the sampling programmes, the métiers may be merged. When métiers are merged (vertical
merging), statistical evidence shall be brought regarding the homogeneity of the combined
métiers. Merging of neighbouring cells corresponding to fleet segments of the vessels (horizon-
tal merging) shall be supported by statistical evidence. Such horizontal merging shall be done
primarily by clustering neighbouring vessel LOA classes, independently of the dominant
fishing techniques, when appropriate to distinguish different exploitation patterns. Regional
agreement on mergers shall be sought at the relevant regional coordination meeting and en-
dorsed by STECF.”

Stock-based information on age, length, weight, sex, maturity and fecundity are to be
collected with corresponding information on space and time stratum, but the DCF
does not specify that the fleet métier should be recorded although that does not pre-
clude recording the trip details and associated métier with each individual fish sam-
pled for age.

The rules contained in Decision 2008/949/EC imply sampling designs for biological
parameters that are considered by WKPRECISE to be not fully in accordance with
good practice for sampling survey designs and facilitating estimation of precision.

The WKPRECISE identified two main issues of concern with the DCF métier-based
sampling requirements:

1. The Level-6 fleet métiers identified in Appendix IV of 2008/949/EC are in
many cases too dynamic and unpredictable to constitute sampling (list)
frames in which all the primary sampling units (PSUs) are identifiable in
advance for allocating sampling effort. It can lead to over-stratification
and under- or over-sampling (or non-sampling) of métiers. The approach
needs to be modified to allow the definition of more appropriate sam-
pling frames for implementing randomised sampling schemes.

2. The rules for collection of stock-based biological parameters allow the
possibility of collection of age data independently of métier-based length
sampling, and require only the recording of area and time stratum for
aged fish. Work presented at WKPRECISE illustrated the need to identify
the PSU for every fish sampled for age in order that the precision of age
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composition estimates can be calculated. This should be specified in the
DCF Guidelines.

WKPRECISE addressed both of these issues, and provides guidelines for good prac-
tice in sampling of fishery catches on shore and at sea to deliver fleet-based and stock
based data specified by the DCF to support stock assessment and fleet-based man-
agement. A discussion of sampling schemes for estimating age composition of fishery
or survey catches is given in Section 3.

4.1 Defining the biological data to be delivered by the DCF fleet based
fishery sampling schemes

The DCF requires member states to develop statistically robust sampling schemes to
deliver the following types of biological data from commercial fisheries with mini-
mum bias and achieving predefined precision levels at a national or international
level:

¢ Quarterly length and age compositions of the landings and discards of de-
fined species taken by national fleet métiers (after merging) in defined fish-
ing grounds. In most cases the quarterly landings of species by métier are
from exhaustive data from EC logbooks and sales notes. These data are the
primary input to catch based stock assessment models along with relative
abundance indices from surveys and/or fishery CPUE.

e LEstimates of the length composition of landed and discarded fish of all
species or a defined subset of species taken together in individual trips of
métiers contributing the top 90% of the annual national landings, or value,
or fishing effort in each fishing ground. This form of concurrent length
sampling is needed to predict the effect on co-occurring species of man-
agement measures affecting activities of specific fleet métiers.

¢ Quarterly quantities of organisms discarded from fishing boats in each na-
tional métier and fishing ground, for all métiers where >10% of the total
catch is discarded. This may include métiers not selected for concurrent
length sampling by the ranking system.

¢ Quarterly estimates of recreational fishery catches for a small number of
species according to fishing ground.

e Estimates of mean length and weight at age of fish in the fishery landings
and discards in each métier.

Target precision levels given by the DCF are referenced to the national level for sam-
pling programmes defined nationally, or to the regional métier level for internation-
ally collaborative programmes. The sampling unit is defined as the trip, and the DCF
specifies that sampling effort should be proportional to the relative effort and vari-
ability in the catches of that métier, but never less than one fishing trip per month in
the fishing season for trips less than two weeks and one trip per quarter otherwise.

In addition to the above data requirements for fisheries fleets, the DCF requires the
estimation of stock-based biological variables that are best derived from properly
designed surveys covering the full range of each stock. These include estimates of sex
ratio, proportion mature at length/age, and fecundity for stocks according to multi-
annual sampling schemes. There may be a need to collect such data from fishery
catches if appropriate surveys are not carried out.

The fishery data collection activities of EU Member States are coordinated and har-
monised through annual meetings of Regional Coordination Meetings, and recom-
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mendations from these meetings are discussed and elaborated by the annual Liaison
Committee meeting comprising ICES, RCM and European Commission representa-
tives. Recommendations related to biological sampling are then transmitted to the
annual ICES Planning Groups PGCCDBS and PGMED which establish work pro-
grammes and workshops to improve the quality of fishery data and develop systems
for quality assurance of data. PGCCDBS established workshops such as WKACCU
and WKPRECISE to implement the ICES Quality Assurance Framework for data and
support Member States to implement procedures for evaluating bias and precision
building on other initiatives such as the EU COST project. As end-users of such data,
ICES stock assessment Working Groups also pass recommendations to
PGCCDBS/PGMED to address data issues that have arisen. Other ICES Planning
Groups exist to coordinate different types of fish stock surveys funded through the
DCF.

It is advised that biological data from catch sampling should not be used to estimate
variables at a stock level. Estimates of average weight at length, maturity at age etc.
from catch sampling are subject to bias because of selectivity in fishing gears, and
because fishing operations does not cover the stock representatively. It is better to get
this information from scientific surveys. Catch sampling and scientific surveys need
to be compared to assess whether data from catches can be used to estimate popula-
tion parameters. This must be examined for each population.

4.2 Available sampling frames:

All commercial fishing vessels are registered, and complete list frames are therefore
available in each country. The fleet segmentation used for DCF economic variables
(Appendix III of 2008/949/EC) identifies groups of vessels according to their overall
length and predominant fishing method (e.g. beam trawlers, demersal trawls/seines,
purse seiners, dredgers, drift/fixed netters). “Polyvalent” segments are also defined,
comprising vessels that could use different gear types even within a trip. WKPRE-
CISE recommends that sampling frames for biological sampling should be based on
vessel lists using the predominant fishing method to define the frames.

Whilst some of the fleet métiers in the DCF matrix identified in MS National Pro-
grammes and endorsed by the RCMs are represented by more-or-less distinct popu-
lations of specialised fishing vessels (e.g. purse seiners, scallop dredges, beam
trawlers, specialised Nephrops trawlers), and represent distinct strata for sampling.
Other vessels may exhibit very dynamic choice of gear, mesh size, selectivity devices
and target assemblage according to opportunities. In this case the métier is not an
appropriate stratum and is effectively a domain relevant to desired outcomes of a
sampling programme rather than the basis for random selection of trips.
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5 Concluding remarks and recommendations

Representative catch sampling programs are necessary to achieve accurate estimates
of fisheries statistics used for assessment. Sampling programs to estimate the compo-
sition and biological characteristics of aggregate fleet-wide catches are invariably
complex. WKPRECISE recommends that catch sampling be based on statistically
robust survey designs with clear definitions (and documentation) of the sampling
frame, the primary sampling units (PSUs), the stratification schemes employed, and
the methods used for selecting samples in each stratum. The sampling frame may be
based on a list of all active vessels, with PSUs being defined as vessels/trips. In more
complex surveys, the sampling frame may be a list of ports, with primary units being
the combination of ports and days. Vessels/trips that land their catches in selected
ports and days form secondary units. Catch samples may then be taken from a sub-
sample of vessels and trips within a port/day in the third stage.

A métier chosen in advance may coincide with the strata adopted for stratified sam-
pling, or may cut across strata. Standard stratified estimators cannot be applied when
métiers cut across strata since the selection probabilities for the sample segments
(e.g., trips) will depend on the particular strata a segment is in. Estimation of catch
statistics and biological parameters for métiers (or groups of métiers) generally re-
quires some form of sample-weight adjustments because the primary units within a
métier may come from multiple strata with different sampling intensities. The pool-
ing of data from multiple métiers without proper weighting likely causes bias, and
unreliable estimates of precision.

Best practices to achieve representative data for the accurate estimation of key pa-
rameters involve a form of probability-based sampling that minimizes or eliminates
systematic bias and allows for reliable estimates of precision. Probability sampling in
surveys ensures that the sampling errors can be estimated based on the data col-
lected, which is not mathematically justifiable when ad-hoc sampling methods are
used. It is emphasized that accurate estimates cannot be obtained from biased sam-
pling schemes. Ad-hoc sampling rules out the estimation of precision and should
therefore be avoided. It was noted by WKPRECISE that the practice of quota sam-
pling to achieve a desired sample size (e.g., number of trips) in métiers may result in
biased estimates of key parameters. Indicators of bias developed by WKACCU 2008
are intended to identify the existence of bias in data collection schemes.

Catch samples of fish are typically collected in several stages, where the first stage
involves the selection of representative vessels and trips. For selected trips, fish from
the entire catch (census), or from sub-samples of catches, may be sorted by species,
weighed, and measured for length. Age-samples are often collected in the last stage
(e.g., within a sub-sample of catch from a trip.) This multi-stage sampling requires
that estimators of key parameters for total catches in a fishery appropriately accounts
for the hierarchical structure of the data, and in particular clustering effects that may
drastically reduce the effective sample sizes. The reason is that fish caught during one
trip often have more similar characteristics then the general population of fish from
all trips. Assumptions of simple random samples of fish from the total population of
fish in the catches cannot be reasonably met when sampling is done in multiple
stages.

WKPRECISE recommends that the precision of estimates of key parameters is given
in terms of standard errors (or relative standard errors). In addition, the number of
primary sampling units observed along with estimates of the effective sample size for
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the associated estimate should be given. This is because the variances of key esti-
mates are typically driven by the number of PSUs sampled, and so the effective sam-
ple size is usually much smaller than the total number of individuals sampled. If age-
length keys (ALKs) are used to estimate age-distributions, then it must be noted that
the precision of such estimates cannot be evaluated unless the age-length data are
coupled to the primary sampling units from which the age and length data were col-
lected. The accuracy of estimates of age-distributions based on static ALKs that do
not take into account the survey design of the catch sampling programs (or ALKs
derived from ad-hoc sampling) cannot be assessed. For probability-based catch sam-
pling programs, the estimation of age distributions of fish, and the associated uncer-
tainty, directly from the multi-stage age samples should be considered rather than
using an ALK. Using an ALK formed from samples in one stratum to estimate age
distributions in another will cause bias and should be discouraged. This is of particu-
lar concern when analyses are combined internationally. It is recommended that the
original age-length data be shared rather than just the ALK. Ad-hoc transferring of
data from one stratum to another should be discouraged and modelling or statistical
imputation techniques (at the international level if data is available) should be pro-
moted.

WKPRECISE recommends that the COST software for analysis of catch sampling
data be extended to include additional design-based estimators of key parameters
used for stock assessments, alongside its model-based estimators. When appropriate,
estimators for complex multi-stage surveys developed in the R Survey Package
should be considered. When possible, WKPRECISE recommends as a good practice
that model-based estimates be compared to estimates based on sample theory for
validation of model assumptions.
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Workshop on Methods to evaluate and estimate the precision of fisheries data
used for assessment. ICES Headquarters, 8—11 September.
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15.00-15.15
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09.00-10.30
10.30-10.45
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12.00-13.00
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15.00-15.15
15.15-18.00
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10.00-11.30
11.30-13.00

13.00

Welcome. Presentation of participants. Fina-
lizing agenda. Coffee break
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sion estimation examples
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Presentation of national sampling and preci-
sion estimation examples (cont.)

Coffee break

Presentation of national sampling and preci-
sion estimation examples (cont.)

Summarizing and ToR a) discussion
Adjourn

ToR a) presentations

Coffee break

ToR a) presentations (cont.)

Lunch

ToR a) presentations (cont.), summarizing
and reporting

Coffee break

ToR a) summarizing and reporting
ToR b) presentations

Coffee break

ToR b) presentations and summarizing
Lunch

ToR b) summarizing and reporting
Coffee break

ToR c) Discussion and reporting

ToR c) reporting subgroups; 1) design rec-
ommendations, 2) ALK recommendations

ToR c) reporting, summary guidelines

Final summarizing, reporting, recommenda-
tions and closing of the workshop

Adjourn
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Additional considerations to take into account during the meeting:

It was agreed that quality assurance indices of catch sampling programs should be

discussed. Documentation of catch sampling programs to discuss should include:

Definition of sampling frame defined

Definition of primary sampling units (PSUs) and of sampling units at
lower stages

Non-response documentation (proportion and number of trips not sam-
pled because of refusals to take observers, or unsafe conditions for the ob-
server etc.)

Documented departures from sampling protocols

Documented estimation methods for key parameters

Indicators for precision: Effective samples sizes, design effects (is CV for
each e.g. age class an appropriate measure?, maybe some weighted sum of
CV's for frequency distributions). Should be reflecting the final estimate

e.g. SSB, or F (But where do the variability come from?). OBS this only
make sense if the CV is estimated correctly!

Sample sizes: strata variances provide guidelines for number of stations
necessary to meet requirements concerning precision (or cost of sampling).
Bootstrapping tend to underestimate the variance.

Small sample sizes should raise a flag.

| 29

In addition to precision estimates provided as relative standard errors (coefficient of

variation) of parameters, the workshop should discuss guidelines/recommendations

for additional measures or indicators of precision such as:

Listing of the number of primary sampling units together with total num-
ber of individual measurements.

Estimates of effective sample sizes if possible.

Recommendations relative to COST
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Nikolay Timoshenko. Peculiarities of the ocean pelagic fish sampling in AtlantNIRO
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assessments

Annex 4: List of key parameters & statistics used for supporting stock
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To keep consistency with the WKACCU workshop we kept the same tables of para-
meters as was documented in WKACCU (2008). Parameters subject to bias only are
included for consistency.

A - SPECIES SOURCES OF ERROR PSU BEST PRACTICE QUANTIFIC
IDENTIFICATION ATION
1 - Species subject to confu | bias
sion & trained staff
2 - Species misreporting bias
3 - Taxonomic change bias
4 - Grouping statistics If groupings are estimated | To be Avoid To be
documented groupings document
ed
5 - Identification key bias
B - LANDINGS WEIGHT SOURCES OF ERROR PSU BEST PRACTICE | QUANTIFICA
TION
1 - Missing part Bias
2 - Area misreporting Bias
3 - Quantity misreporting: | Bias
4 - Population of vessels Bias
5 - Source of information: Current
practice
should be
reported
5.a Total landings or No census of the catch or Typically Documentatio | See Italian
component of landing components of catch is haul, trip, n method
(stratum or domain such available and must be port market (info from
as métier) estimated. and day. David M.),
Harbor and
sampling example
from
Alaska,
and from
Norway
(Iuu
fishing)
5.b Uncertainty in The strata or group, e.g. Documentati Variability
allocation métier are uncertain. on is needed to be

Mostly related to métier.

quantified.
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B - LANDINGS WEIGHT SOURCES OF ERROR PSU BEST PRACTICE | QUANTIFICA
TION
6 - Conversion factor: When product weights (e.g. | To be Variability to | Documenta
filets, gutted or fish onice) | documented. | be quantified. | tionis
are measured and Ship Unkown at needed
conversion to round fresh days/trips? the moment.
fish is estimated using Information
conversion factors. from
Relevant in presence of logbooks?
temporal and/or spatial
f)roduct Vanablllty. The Spatial/tempo
arger the conversion factor
is (e.g. filet to round ral e
. . stratification.
weight), the larger is the
variance. Spread out as
much as
possible
7 - Percentage of mixed in | Relevant where landings Should be To be To be
the landings; consists of a group of based onthe | quantified. implement
species, e.g. industrial survey edin
catches. design. COST?
Species of Monkfish, cod
and herring. Industrial
catches. Estimation of
proportions. (Landed as a
group but consists of
several species)
8 - Damaged fish landed: Bias
Final indicator
C - DISCARDS WEIGHT SOURCES OF ERROR PSU BEST QUANTIFICATI
PRACTICE ON
Recall of bias indicator on
species identification
1 - Sampling allocation sch | Check with WKACCU Trip/vessel COST
eme Onboard observer. See 5.6
above
1.5 Size of subsample(s) If the sampling fractions of Given by the [ Focus on the | The trade off
PSU are small, the majority survey quality of between
of the variance is due to the | design. the sample subsample
variance between primary instead of size and
sampling units (Cochran the number | number of
1977, p279 and p 305). of sampled PSU will
However, there is a tradeoff individuals vary from
between number of primary or number case to case
units and size of which is of haulsona | butis not
relevant for optimizing the trip. quantified.
sampling scheme. Haul
weight is estimated from the (Because: See Alaska
subsample. This has a observer
small
contribution

to the total

variance.)
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C - DISCARDS WEIGHT SOURCES OF ERROR PSU BEST QUANTIFICATI
PRACTICE ON
2 - Raising variable s See ICES workshop on Trip/vessel According COSsT
discard estimation to sampling | See ICES
procedure. design workshop
on discard
Tech report for algorithm for estimation
raising procedures
3 - Size of the catch effect Bias
4 - Damaged fish discarde | Bias
d:
5 - Non response rate: Bias
6 - Temporal coverage If structures within a Good
stratum changes through coverage
time, it is imperative that the will reduce
design covers the changes and
appropriately. improve the
estimates of
variance
7 - Spatial coverage If structures within a Good
stratum shows spatial coverage
variability, it is imperative will reduce
that the design covers the and
changes appropriately. improve the
estimates of
variance
8 - High grading Bias
9 - Slipping behaviour It could account for a large
proportion of mortality, but
are rare events and require
intensive sampling.
10 - Management measure | Bias
s leading to discarding beh
aviour
11 - Working conditions: Will affect measurement Good Difficult to
error protocol for | quanitfy. If
sampling to be
will reduce quantified
the problem. | require
experimenta
1 designs

12 - Species replacement:

See WKACCU for
description. Can be
estimated within a trip, not
haul by haul. Will add to the

variance.

trip

Final indicator
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D - EFFORT SOURCES OF ERROR PSU BEST
PRACTICE

Re-

call of bias indicator on species identification(if

needed for métier allocation)

1 - Unit definition

2 - Area misreporting Bias

3 - Effort misreporting Bias

4 - Source of information

Final indicator

E -LENGTH STRUCTURE SOURCES OF ERROR PSU BEST QUANTIFIC
PRACTICE ATION

Recall of bias indicator on discards/landings we

ight

1 - Sampling protocol: Sampling errors, Market | Spread Require a

measurement , port, out as well
errors. Typing day, much as designed
erTorS. box, possible. | sampling
trip, Keep scheme
track of (i.e.
the sampling
sampling | units are
units identified
such that
inclusion
probabilit
ies are
known)
2 - Temporal coverage Part of sampling
protocol

3 - Spatial coverage Part of sampling

protocol

3.5 Over stratification. See 6 below. More strata than Avoid it! | Modeling

samples. Having Have
strata with no sufficient
samples. coverage
Complicate

estimating

precision. Probably

lower precision by

too many strata.

Cochran: no gain

by more than "6"

strata.

4 - Random sampling of boxes/trips: To be
quantified
through
experime
nts
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E -LENGTH STRUCTURE

SOURCES OF ERROR

PSU

BEsT
PRACTICE

QUANTIFIC
ATION

5 - Availability of all the landings/discards

6 - Non sampled strata:

Require
modeling.
Seee.g.
Hirst et
al. 2005

7 - Raising to the trip:

Trip
totals
should be
recorded

8 - Change in selectivity

9 - Sampled weight:

May be unknown
or must be
estimated by e.g.
length weiht
relationship

Have a
weight
available,
or make
an effort
establishi
ng good
length
weight
relations
hip

Final indicator
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Measurement error in aging results in a biased estimate of the age distribution and
increase the variance.

If aging error is large and the effective sample size is low, then pooling of age groups
may be advisable, for example for estimating SSB.

F — AGE STRUCTURE SOURCES OF PSU BEST QUANTIFICATION
ERROR PRACTICE

Recall of bias indicator on length structure

1 - Quality insurance protocol

2 - Conventional/actual age validity

3 - Calibration workshop

4 - International exchange: Within and Individual | An Need
between reader fish experimenta | documentation
variability I setup for
estimating

aging error.

5 - International reference set: Need
documentation

6 - Species/stock reading easiness: AND

trained staff

7 - Age reading method

8 - Statistical processing

9- Temporal coverage

10 - Spatial coverage

11 - Plus group See
comment
above
12 - Incomplete ALK Complicates Follow Avoid using | Require
estimation of sampling ALK's if modeling
age structures design possible

Final indicator
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G — MEAN WEIGHT SOURCES OF PSU BEsT QUANTIFICATION
ERROR PRACTICE
Recall of bias indicator on length/age structure
1 - Sampling protocol:
2 - Temporal coverage
3 - Spatial coverage
4 - Statistical processing
5 - Calibration of equipment
6 - Calibration workshop
7 - Conversion factor Weight is Not quantified.
estimated from Experiments
lengths. are needed.
Conversion to
live weights
Final indicator
H — SEX RATIO SOURCES OF PSU BEsST QUANTIFICATION
ERROR PRACTICE
Recall of bias indicator on length/age structure
1 - Sampling protocol:
2 - Temporal coverage
3 - Spatial coverage
4 - Staff trained
5 - Size/maturity effect:
6 - Catchability effect: Bias

Final indicator

See workshop on maturity ogives.

OBS: Each of the extra parameters requires more intensive sampling to obtain precise

estimates.
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I - MATURITY STAGE SOURCES | PSU BEST QUANTIFICATION
OF ERROR PRACTICE

Recall of bias indicator on length/age structure

1 - Sampling protocol:

2 - Temporal coverage

3 - Spatial coverage

4 — Staff trained

5 — International reference set

6 - Size/maturity effect:

7 - Histological reference:

8 - Skipped spawning:

Final indicator
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Annex 5: Recommendations

RECOMMENDATION FOR FOLLOW UP BY:

1. WKPRECISE recommends that catch sampling should be MS, WKMERGE
based on statistically robust survey designs with clear definitions

(and documentation) of the sampling frame, the primary

sampling units (PSUs), the stratification schemes employed, and

the methods used for selecting samples in each stratum.

2. WKPRECISE recommends that the precision of estimates of MS, relevant ICES stock
key parameters should be given in terms of standard errors (or assessment working groups
relative standard errors). Estimates of precision should be based

on estimators that take into account the actual survey design

employed in the catch-sampling. Model-based estimates should

accoubnt for clustering efefcts caused by hierachical data

collections. In addition, the number of primary sampling units

observed along with estimates of the effective sample size for the

associated estimate should be given.

3. WKPRECISE recommends that the COST software for analysis
of catch sampling data be extended to include additional design-
based estimators of key parameters used for stock assessments,
alongside its model-based estimators.

4. For probability-based catch sampling programs, the estimation = MS, relevant ICES stock

of age distributions of fish, and the associated uncertainty, assessment working groups
directly from the multi-stage age samples should be considered

rather than using an ALK.

5. When ALKSs are used, it is imperative that age-length dataare =~ MS, relevant ICES stock
stored in a manner that links the data to the primary sampling assessment working groups
units (e.g., tows or trips). This will allow bootstrap estimates of

precision for probability-based sampling programs.

6. The pooling of data from multiple métiers should be done with WKMERGE, RCM
caution. Estimation of catch statistics and biological parameters

for métiers (or for pooled groups of métiers) generally requires

some form of sample-weight adjustments because the primary

units within a métier may come from multiple strata with

different sampling intensities. Pooling of métiers without proper
weighting likely causes bias, and may preclude estimates of
precision
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