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RESUMO

Titulo: Relatdrio do workshop sobre o planeamento da amostragem e optimizacao de dados da pesca

O “Workshop on Sampling Design and Optimization (WKSDO)”, presidido pelas investigadoras Cristina
Silva e Manuela Azevedo (IPMA) e o investigador Noruegués Jon H. Vglstad (IMR), decorreu no IPMA-
Algés, de 17 a 20 de Novembro de 2014, para analisar o actual Programa Nacional de Amostragem Bioldgica
(PNAB/Data Collection Framework) com o objectivo de optimizar o programa de amostragem em lota para
estimagao da composi¢do por comprimento da captura/desembarque das espécies capturadas pela frota
nacional, de amostragem das capturas a bordo e da amostragem bioldgica para estudos de crescimento e
reproducao. O Workshop, organizado no ambito do projecto de investigacdo nacional GesPe (Planos de
Gestao Pesqueira, PROMAR) e do PNAB/DCEF, foi planeado e calendarizado tendo em conta o inicio do
processo de revisao do programa Europeu de recolha de dados da pesca de suporte a avaliacdo e gestao dos
recursos pesqueiros (DFC). Foram analisados e discutidos varios métodos e abordagens que resultaram num
conjunto de instrucdes e recomendac¢des para trabalho futuro, relevantes para assegurar uma elevada
qualidade e optimizacado do futuro programa de amostragem.

Palavras chave: Amostragem a bordo, Amostragem em lota, Chaves comprimento-idade, Ogiva de
maturagdo, Programa Nacional de Amostragem Bioldgica.

ABSTRACT

The Workshop on Sampling Design and Optimization (WKSDO), chaired by Cristina Silva and Manuela
Azevedo (IPMA-PT) and Jon H. Velstad (IMR-NO) met in Lisbon, 17-20 November 2014, to focus on the
analysis of the current Portuguese sampling designs under PNAB/DCF (Programa Nacional de Amostragem
Biolégica/Data Collection Framework) with the aim to optimize the current market sampling design to
estimate the species length composition of landings, the onboard sampling for catches and the biological
sampling for growth and maturity. The Workshop was organized within the scope of the national research
project - GesPe (Planos de Gestao Pesqueira, PROMAR) and the PNAB/DCF and the planning and timing of
the workshop took into account the initiated review process of EU fisheries data collection for stock
assessment and management (DCF - Data Collection Framework). During the workshop several approaches
and methods were analysed and discussed, resulting in a set of guidelines and recommendations for future
work which are relevant to ensure a high quality and optimized future data collection programme.

Key words: Age-length keys, Market sampling, Maturity ogive, National Biological Sampling Programme, Onboard
sampling.
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1 Introduction

1.1 Terms of reference

The Workshop on Sampling Design and Optimization (WKSDO), chaired by Cristina Silva and
Manuela Azevedo (IPMA-PT) and Jon H. Velstad (IMR-NO) took place in Lisbon, 17-20 November
2014, to focus on the analysis of the current Portuguese sampling designs under PNAB/DCF
(Programa Nacional de Amostragem Biologica/Data Collection Framework) and their optimization:

1) Market sampling design to estimate the length composition of landings: concurrent sampling
and species focus sampling.

2) On-board sampling for catches: objectives, sampling design, sampling effort, constraints,
approaches for raising, improving the precision of estimates.

3) Sampling for biological parameters used in stock assessment.

1.2 Background

The Workshop was organized within the scope of the national research project - GesPe (Planos de
Gestao Pesqueira, PROMAR) and the national biological sampling programme - PNAB/DCF.

1.3 Conduct of the meeting

The workshop participants made available several documents prepared in advance to the meeting,
including a glossary of statistical terms to be used during the workshop (Annex 3), as well as several
presentations (Annex 4) which subsequently formed the basis of the workshop’s investigations and
discussions during the week.

The following speakers presented the talks indicated:
P01 - Manuela Azevedo: Portuguese Fleets and Fisheries. M. Azevedo, C. Silva, M. Dias

ToR 1) Market sampling design to estimate the length composition of landings: concurrent
sampling and species focus sampling.

P02 - Nuno Prista: Present sampling design. N. Prista, M. Dias
P03 - Ricardo Alpoim: Anglerfishes. R. Alpoim, T. Moura, N. Prista
P04 - Ivone Figueiredo: Rays. I. Figueiredo, C. Maia

P05 - Manuela Azevedo: Catch length composition estimated from commercial size-
categories: does it improve accuracy? M. Azevedo, C. Silva

P06 - Jon H. Velstad: Sampling designs

ToR 2) On-board sampling for catches: objectives, sampling design, sampling effort, constraints,
approaches for raising, improving the precision of estimates.

P07 - Ana Claudia Fernandes: Sampling design in Div. IXa. A. C. Fernandes, N. Prista
P08 - Pedro Lino: Sampling design in Indian Ocean. P. G. Lino, R. Coelho, M. N. Santos

P09 - Jon Vglstad: Framework for assessing monitoring effort to support stock assessment.

ToR 3) Sampling for biological parameters used in stock assessment.

P10 - Jon Velstad: Sampling/precision ALKs.



P11 - Eduardo Soares: Sampling for age / ALKs: sardine Case-study.

P12 - Ana Maria Costa: Sampling for maturity / maturity ogive: hake case-study. A. M. Costa,
C. Nunes, J. Pereira

During the workshop the participants were divided into three subgroups dealing with each of the
ToRs.

Market sampling for length composition (ToR 1)

2.1 Background information and description of current sampling design

Market sampling for length composition in ICES Division IXa is carried out by IPMA and its design
has evolved through time. Before 2009 the sampling plan was species-focused following the
requirements of the former DCF (Commission Regulation (EC) No. 1639/2001). From 2009 onwards
the design was changed to focus on métiers conforming new DCF requirements (Commission
Decision No. 2010/93/UE). Following preparatory discussions on probability-based sampling held at
the ICES Planning Group on Commercial Catches, Discards and Biological Sampling (PGCCDBS) and
the Workshop on Practical Implementation of Statistical Sound Catch Sampling Programs (WKPICS),
IPMA decided to test a new market sampling plan in 2014. This new sampling plan draws on the
preparatory work carried out by several ICES Workshops and Study Groups dealing with sampling
design (e.g. WKACCU, 2008; WKMERGE, 2010; SGPIDS, 2011-2013; WKPICS, 2011-2013; several
PGCCDBS meetings) and available preparatory documents for the new DC-MAP where growing
emphasis is put on the development of statistically sound probability-based sampling schemes that
move away from previous quota sampling practices. The goal of the new sampling plan is therefore
to improve the quality of data sent for ICES stock assessments and the overall quality of fisheries data
collected from the Portuguese coast and its ecosystems.

The Portuguese fleet that operates in waters of ICES Division IXa comprises ~85 trawlers and ~115
purse-seiners (medium to large sizes) with the remainder (~6400 vessels) being considered
“polyvalent” (Azevedo et al., P01 - Annex 4). The “polyvalent” fleet includes a large set of fishing
vessels, highly variable in length (from a few meters to over 30 meters) and daily catch volume, and is
typically multi-gear (i.e., each vessel can have more than one fishing license) and multi-species (i.e.,
individual vessels frequently target multiple species in each trip and/or throughout the year).

The Portuguese sampling design targeting fish lengths in 2014 is stratified multistage, with
auction*day as the Primary Sampling Unit (PSU) and vessel landing events as the Secondary
Sampling Unit (SSU). The PSUs are stratified by quarter and port and their selection is quasi-
systematic. SSU selection is approximately random. Concurrent sampling is carried out and all size
categories available at market are targeted. Box and fish selection are quasi-random (Figure 2.1.1,
Prista and Dias, P02 — Annex 4).
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Figure 2.1.1 Concurrent sampling design for species length distribution.

In Portuguese auctions, some commercially important species currently subjected to TAC may appear
misassigned to commercial species or included in supra-specific commercial species. That is the case
of blackbellied angler (Lophius budegassa, FAO code: ANK) and anglerfish (Lophius piscatorius, FAO
code: MON) that may appear confounded or aggregated into a monkfish nei category (Lophius spp.,
FAO code: MNZ) (Alpoim et al., P03 — Annex 4) and the wide diversity of skates and rays (Figueiredo
and Maia, P04 — Annex 4). IPMA's market sampling plan addresses species misassignement by
undertaking concurrent sampling, i.e., sampling all commercial species and commercial size
categories present in individual trips and identifying the exact species composition of each one of
them. However, species misassignement creates several difficulties to sampling and estimation of
length composition that urge a better solution because their existence requires complex estimators
(Figueiredo and Maia, P04 — Annex 4) and significant increases in sample size. For species like the
anglerfishes, where the vast majority of vessels land few amounts, species misassignment makes it
particularly difficult to obtain good proportions and length frequencies at trip level (Alpoim et al., P03
— Annex 4), greatly limiting the accuracy and precision of final length composition estimates.

2.2 Analysis of current concurrent sampling program

Given the limiting time and the importance of species misidentification in sampling and estimation
processes, the workshop focused on ways to improve the current market sampling plan in order to
improve the present situation. A possible solution involves the separate sampling of a primary fleet
(composed by the vessels that most contribute to total landings of a species aggregate) and a
secondary fleet (vessels that contribute little to total landings of a species aggregate) (Alpoim et al.,
P03 - Annex 4). This solution was considered useful for future pilot studies but unfeasible for
implementation in the current PNAB/DCF sampling plan because the vast number of species
requiring sampling would lead to undesirable over-stratification. The workshop thus focused on
means to articulate the present concurrent sampling with the need to increase the number of trips and
volume of anglerfish and rays and skates sampled by IPMA's observers in each visit to auctions.

The problems associated with species discrimination of the commercial categories of anglerfish (FAO
codes: ANK, MON, MNZ), hereby named together as ANF, and rays and skates (FAO codes: R]B,
RJC, RJH, RJM, RJN, RJU, RJA, JAI RJE, RJI, RJO, RJY), hereby named together as SKA, led to the
selection of the gillnet/trammel segment (hereby coded as GNS/GTR ) and the following auctions:
Matosinhos, Pévoa de Varzim, Peniche and Olhao. For comparative purposes Hake (FAO code:
HKE), Octopus (FAO code: OCC and OCT, hereby coded as OCC), pout (FAO code: BIB) and horse-
mackerel (FAO code: HOM) were also added to the list. All other species landed were aggregated into
code OTHER. The aim was to develop a simulation framework that allowed future testing of
alternative sampling designs in a broader range of fleet segments, auctions and species.



Considering daily landings of all vessels belonging to GNS/GTR port the following questions were
raised:

- Are the numbers of daily landings equally distributed along the different quarters of the
year?

- Are the numbers of daily landings equally distributed along the different days of the week?
- Is the total landed weight equally distributed along the different quarters of the year?
- Is the total landed weight equally distributed along the different days of the week?

Using the Peniche auction as a case study the following questions were also raised:

- Are the total landed weights of the species HKE, HOM, OCC, group of species ANF, SKA
and the remaining ones (OTHER) equally distributed along the different quarters of the year?

- Are the total landed weights of the species HKE, HOM, OCC, group of species ANF, SKA
and the remaining ones (OTHER) equally distributed along the different days of the week?

Analyses were carried out to answer all these questions using sales data from 2012.

No major differences were detected in terms of total number of sale events (= trips) and landed
weight between quarters (Tables 2.2.1 and 2.2.2). However differences were found between the days
of the week, with Monday registering more sale events and weight landed than the rest of weekdays
in nearly all quarter*auction combinations (Tables 2.2.3 and 2.2.4). A similar pattern is observed when
individual species and species groups were considered (Tables 2.2.5 to 2.2.8). Based on these results
one can anticipate that there may be little efficiency gained in using stratification by quarter and that
a more efficient allocation might be obtained by stratifying by weekday, e.g., two strata (“Monday”,
“Remaining Days”). A full analysis of these aspects should involve an evaluation of variance within
the putative strata as it is possible that despite differences in number of trips and landings, lengths
are more variable among quarters than among weekdays.

Table 2.2.1 Number of trips registered in each auction and quarter. In bold the quarter that registered the
highest number of sale events.

Q1 Q2 Q3 Q4

Povoa de Varzim 1223 972 1396 914
Matosinhos 2089 1503 1640 1573
Peniche 2155 1780 2239 2052
Olhao 1492 1376 1152 1343

Table 2.2.2 Total landed weight (kg) registered in each auction and quarter. In bold the quarters that
registered the highest weight landed

Q1 Q Q3 Q4
Pévoa de Varzim 350785.6 ~ 233549.2  363575.1 2734423

Matosinhos 481541.7 397507.0 451542.0 410642.7
Peniche 666872.9 454249.5 547811.2 682154.3
Olhao 105725.2 115603.3 91261.6 104446.4




Table 2.2.3 Number of trips registered in each auction and quarter by weekday. In bold the weekdays that
registered the highest number of sale events

Q1 Mon Tue Wed Thu Fri
Povoa de Varzim 253 217 265 285 203
Matosinhos 461 380 453 448 347
Peniche 505 319 418 500 413
Olhao 357 256 299 339 241
Q2 Mon Tue Wed Thu Fri
Povoa de Varzim 444 208 169 151 -
Matosinhos 736 312 240 215 -
Peniche 815 321 303 341 -
Olhao 603 291 284 174 24
Q3 Mon Tue Wed Thu Fri
Povoa de Varzim 605 248 271 272 -
Matosinhos 757 319 310 254 -
Peniche 1010 398 376 455 -
Olhao 468 206 227 213 38
Q4 Mon Tue Wed Thu Fri
Povoa de Varzim 282 191 193 180 68
Matosinhos 554 333 297 283 106
Peniche 590 424 368 390 280
Olhao 357 301 257 258 170

-10-



Table 2.2.4 Total landed weight (kg) registered in each auction and quarter by weekday

Q1 Mon Tue Wed Thu Fri

P6voa de Varzim 64479.6 63421.7 75830.9 89354.5 57698.9

Matosinhos 102986.1 99261.4 108954.9 106138.3 64201.0

Peniche 210887.5 82363.7 122166.2 145478.5 105977.0

Olhao 23114.2 19667.7 22007.9 24986.7 15948.7

Q2 Mon Tue Wed Thu Fri
Pévoa de Varzim 102274.1 47983.7 47061.8 36229.6 -
Matosinhos 201050.2 88109.8 60399.8 47947.2 -
Peniche 279985.9 64404.4 70275.5 39583.7 ---
Olhao 46459.5 24890.2 23835.9 18666.7 1751.0
Q3 Mon Tue Wed Thu Fri
P6voa de Varzim 159442.7 61042.9 82480.0 60609.5 ---
Matosinhos 219642.0 96488.0 87390.4 48021.6 -
Peniche 281023.3 74655.4 96879.2 95253.3 -
Olhéao 36498.9 17204.4 17769.9 15868.6 3919.8
Q4 Mon Tue Wed Thu Fri
Pévoa de Varzim 90794.4 45321.1 55569.7 62861.7 18895.4
Matosinhos 150074.8 92414.8 70338.8 72470.9 25343.4
Peniche 249693.0 119616.0 91131.4 127497.0 94216.9
Olhao 30126.6 23138.9 19256.3 19320.4 12604.2

Table 2.2.5 Number of trips that registered each species (or group of species) by quarter at Peniche landing

port
Peniche Q1 Q2 Q3 Q4
HKE 497 339 402 431
HOM 183 128 146 162
BIB 930 535 619 835
SKA 1100 506 725 795
OCC 1003 892 1262 946
ANF 67 181 196 76
OTHERS 2003 1548 1704 1895

Table 2.2.6 Total landed weight (kg) by species (or group of species) by quarter at Peniche landing port

Peniche Q1 Q2 Q3 Q4
HKE 33806.0 31685.3 46594.8 39475.0
HOM 26284.5 12385.1 11437.8 4985.7
BIB 11240.2 4629.5 9475.3 14455.9
SKA 51596.7 24510.4 34796.5 36424.0
OCC 33487.0 29856.0 102677.7 79791.9
ANF 6345.4 14856.9 10827.4 4792.4
OTHER 504113.1 336326.3 332001.7 5022294

-11 -



Table 2.2.7 Number of trips that registered each species (or group of species) by weekday at Peniche landing

port
Peniche Mon Tue Wed Thu Fri
HKE 575 270 335 338 151
HOM 230 104 115 119 51
BIB 1000 532 504 594 289
SKA 1067 525 537 662 335
OCC 1509 740 718 847 289
ANF 233 68 93 113 13
OTHER 2509 1245 1258 1481 657

Table 2.2.8 Total landed weight (kg) by species (or group of species) by weekday at Peniche landing port

Peniche Mon Tue Wed Thu Fri
HKE 77550.0 13384.7 30407.4 27964.7 22543
HOM 26368.5 3580.0 9812.8 12542.7 2789.1
BIB 14811.8 7377.2 6620.1 7439.6 3552.2
SKA 56018.1 23417.7 25135.3 28770.7 13985.8
OCC 98092.8 42589.1 40632.1 49442.1 15056.5
ANF 16981.6 3094.1 8393.9 7177.2 1175.3
OTHER 731766.9 247596.7 259450.7 2744755 161380.7

2.3 Evaluation of the feasibility to accommodate concurrent sampling and
sampling directed at trips that landed monkfish or skates and rays

The gillnet/trammel segment of the polyvalent fleet was further evaluated by analyzing the
possibility of increasing the precision of species composition estimation of SKA or ANF without
jeopardizing the present concurrent sampling carried out under IPMA sampling design.

Under this design the PSUs correspond to visit dates to auction which in turn include a quasi-random
selection of SSUs (landing events = vessels’ trips).

To evaluate the question a simulation framework was established in R whereby the present sampling
plan, namely the number of PSUs and SSUs planned for each quarter*auction (Table 2.3.1), was
replicated once. The objective of the exercise was to check the increase in number of trips sampled
and weight sampled that could be expected if directed sampling (i.e., species focused) for monkfishes
or skates and rays would supplement the concurrent sampling currently carried out during visits to
the auctions.

Table 2.3.1 Present sampling effort assigned to the landing ports of Pévoa de Varzim, Matosinhos, Peniche
and Olhio, gillnet/trammel segment.

1°" Quarter 2" Quarter 3" Quarter 4™ Quarter

PSU SSU PSU SSuU PSU SSuU PSU SSuU
Pévoa de Varzim 7 2 8 2 8 2 7 2
Matosinhos 9 2 9 2 9 2 10 2
Peniche 14 2 15 2 12 2 12 3
Olhdo 3 2 3 2 3 2 3 2

-12 -



Results show that up to 10 trips with monkfish landings (up to ~2500 kg) and up to 30 trips with
skates and rays landings (up to ~2500 kg) may be registered per day, depending on the auction
(Figure 2.3.1 and Figure 2.3.2). However, such high numbers and weights are only rarely registered
with the vast majority of days registering lower numbers and volumes (Figure 2.3.1 and Figure 2.3.2).
As a consequence numbers and weight of trips sampled under current sampling are also very low
and can be significantly increased if a supplementary sampling directed to monkfishes and rays and
skates during the selected days is carried out (Figure 2.3.3 and 2.3.4). As the weight sampled has some
relationship to the number of specimens it is likely that direct sampling will improve the overall
estimation of species proportion and length frequencies at each auction*day. We note that the latter
should still verify if some individual trips maintain low numbers of individuals dispersed over a
wide size range hence not achieving the typical continuous appearance of length frequencies of
smaller pelagic fish (Alpoim et al., P03 — Annex 4). We note however that:

- it will not always be possible to sample all trips present that register a species because, e.g., a)
there are work and time limits to the amount of sampling that can be achieved in each
sampling day and, b) length composition of a vast array of species other than ANF and SKA
are also targeted by market sampling. In cases when not all trips can be sampled, trips with
the species may be randomized and a subset selected.

- further investigation on estimators that combine concurrent and directed sampling is still
needed because the sampling probabilities for non-targeted species during directed sampling
are technically 0.
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Figure 2.3.1 Number of trips per day that registered monkfishes (ANF, left) and skates and rays (SKA, right)
during 2012.
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Figure 2.3.2 Weight landed per day at different auctions during 2012: monkfishes (ANF, left) and skates and

rays (SKA, right).
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Figure 2.3.3 Number of trips registering monkfishes (ANF, left) and skates and rays (SKA, right) in
randomly selected sampling days and landing events under concurrent sampling plan (grey
bars) and directed sampling plan (red bars). Note: n=1 replicate.
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Figure 2.3.4 Weight of monkfishes (ANF, left) and skates and rays (SKA, right) registered in randomly
selected sampling days and landing events under a concurrent sampling plan (grey bars) and
directed sampling plan (red bars). Note: n=1 replicate.

The main conclusions are that:

- Extra sampling effort directed to the studied groups of species (ANF and SKA) can be made
compatible with present concurrent sampling to improve the precision of species composition
and length composition;

- The estimation procedure adopted to estimate the variables at trip level needs to take into
consideration the sampling strategy adopted in those two sampling procedures: simple
random sampling of all trips (concurrent sampling) and simple random sampling of trips
registering a specific species;

- Factor “Quarter” appears to have a minor effect on the variability of number of trips and total
landed weight. Using it to stratify sampling may be lowering the efficiency of the sampling
plan.

- “Monday” is the weekday when most of the trips take place and consequently when
Mondays are selected for sampling there is an increased chance of finding vessels with ANF
or SKA. Finding more trips with a particular species is advantageous because it may improve
estimation of species proportion and length composition. One possibility to increase the
chance of sampling Mondays is to consider two strata: “Monday” and “Rest of the days of the
week”. A systematic sampling strategy is recommended for the stratum “Monday” while a
random sampling strategy could be used for the “Rest of the days of the week” making work
schedules more operational. A preliminary check on length and species composition of
Mondays and Remaining days is advisable before such changes are considered.

- The Portuguese fleet is dominated by small-scale vessels so random selections of vessels
present at an auction*date will include mostly small vessels. Small vessels may fish
differently (or in different areas) compared to larger vessels and therefore display different
length composition in their landings. Stratification by vessel size is therefore also a future
option to reduce bias and increase precision of length estimates of some species. If
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implemented, such stratification scheme must be taken into account within raising
procedures.

2.4 Improving accuracy of estimated length composition

Most of the fish species landed in Portuguese fishing ports or auctions are sorted into size categories
due to their different commercial value. For these species, landing statistics (weight) are also
compiled by size-category. The number of categories varies depending on species. For example, horse
mackerel (Trachurus trachurus) has 6 size-categories (category 1 for large fish and category 6 for small
fish) whereas hake (Merluccius merluccius) has 5 categories.

The length composition of annual landings by species and main fleet segments is obtained by raising
the length distribution of the sampled trips by fleet segment to the total landings of the segment, by
quarter and area, which is hereinafter referred to as “trip” approach. The estimated annual length
composition may be based on a low number of sampled trips which may result in imprecise and
biased landings length composition.

Azevedo and Silva (P05 — Annex 4) presented a different method to estimate total annual length
composition, based on a “size-category” approach. The method was applied to the Portuguese
landings of southern horse-mackerel (hom-9a) in 2012 and of the Iberian stock of hake (hke-8c9a) in
2013 by fleet segment. The underlying assumption of the “size-category” approach is that species
mean size is significantly different among size-categories. The mean length by size-category was
estimated from the port samples collected in the period 2010-2013, after a pre-screening by fleet
segment and port to remove outliers and unrepresentative samples.

Figure 2.4.1 shows the estimated Portuguese catch length composition of horse-mackerel in 2012 by
fleet using the “size-category” and the “trip” approach (Azevedo and Silva — P05 Annex 4).
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Figure 2.4.1 Horse-mackerel estimated catch length composition in 2012 by fleet using the “size-category”
(Ieft) and the “trip” (right) approaches.
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Large differences are observed between the estimated catch length compositions by fleet using the
two approaches, which may be explained by the low number of trips sampled from the polyvalent
and purse-seine fleets and not covering all sizes caught during the year. The differences in the
estimated length composition for the polyvalent fleet illustrate the bias caused by the lack of small
size categories in trip samples although these sizes were present in landing records.

The two approaches give similar results in the case of the estimated length composition for hake in
2013, due to a better coverage of all landed categories in the trips sampled from the two fleet
segments catching this species, the trawl and the polyvalent fleets.

The overall opinion was that the “size-category” approach may increase the precision and accuracy of
the estimated catch/landings length composition by species and since the “size-category” approach
may require lower sampling effort (and consequently lower costs: human resources, budget) than the
“trip” approach, the following question was raised: should sampling focus on characterizing /
monitoring the species size-categories?

The discussion focused on further analysis to explore and evaluate the robustness of this approach
and on recommendations for future work, such as:

- Evaluate the effect of the approach on stock assessment;

- Apply the approach to other species in order to support changing the sampling scheme
(sampling directly for size categories instead of sampling trips), if it proves to be cost
effective;

- Ponder the development of a pilot study (including field experiments) to evaluate the
implementation feasibility of such a sampling strategy.

2.5 Discussion and conclusions

Substantial discussions on the case-studies and analyses presented provided suggestions of research
for the revision of PNAB sampling program, namely:

- Randomization of landing events within sampling days should be improved. One possibility
will be to systematically sample vessels instead of the present quasi-random selection.

- The simulation framework undertaken to evaluate the feasibility of combining concurrent
sampling and species-focus sampling should be extended to analysis of the precision of the
length estimates. Such extension may yield substantial reductions in the time spent in
concurrent sampling and thus allowing directed sampling in larger numbers. The extension
shall consider:

(1) Number of PSU and SSU to be sampled and,
(ii) Number of individuals measured within each SSU.

- Explore the information available for the set of landing ports other than the major ones in
relation to landed weight and number of trips. The review of the NOAA Recreational US
sampling program (Sullivan et al., 2006) offers several alternatives on how to best sample
smaller components.

- Explore different sampling strategies (e.g., sampling directly for size categories instead of
sampling trips) and ponder the development of a pilot study including field experiments.

- Compare the different raising methods (e.g., current, design-based, by categories),
particularly in relation to the updated design where the SSU are trips.
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3.1

The need to estimate species proportions in grouped commercial categories or categories that have
been misassigned seriously limits the accuracy of estimation and the degree of optimization that can
be achieved by IPMA's sampling plan with effects extending to several other species than the ones
directly involved. Also, there are evidences of non-compatibility between strata used for sampling
and the strata considering used for raising causing unknown bias in the estimation of length
composition but also species composition (when proportions have to be estimated).
Recommendations are made to the Portuguese Administration (DGRM) and DOCAPESCA to address
this issue, namely:

-  To DGRM and DOCAPESCA: At the landing port anglerfish and skates and rays (but also
other species e.g. sole and plaice, megrim and four-spot-megrim and whiting and pollock)
need to be correctly identified and discriminated at species level;

-  To DOCAPESCA: SLV daily landing database should include the discrimination of the
fishing gear(s) used at the box level (preferably).

We emphasize that these two measures are not only useful to improve stock assessment but actually
envisaged to be mandatory under provisions on consumer information will enter into force in 13th
December 2014 (Regulation (EU) 1379/2013).

On-board sampling for catches (ToR 2)

Sampling designs

3.1.1 Sampling design in Division 1Xa

The current sampling design used by IPMA observers onboard fishing vessels operating in the ICES
Division IXa was presented (Fernandes and Prista, P07 — Annex 4) and discussed. The sampling units
and strata are shown in Figure 3.1.1.1. The overall opinion was that it followed the best procedures
given practical and logistical constraints.
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Figure 3.1.1.1 Onboard sampling design by gear type in Division IXa. (OTB_DEF-Bottom otter trawl for
demersal fish; OTB_CRU- Bottom otter trawl for crustaceans; LLS_DWS- Deep-water longline;
GNS_GTR- Gill and trammel net; TBB_CRU- Beam trawler for crustaceans; PS_SPF- Purse
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seine).

The following improvements were discussed:

(i)

(ii)

(iii)

Additional control over potential biases can be obtained by implementing a log of

contacts and the calculation of refusal rates.

Randomization of trips and ports of departure: a list of vessel owners/masters contacts is
needed and the feasibility of randomizing the port of departure and vessel must be

tested.

Sampling onboard trawlers might be improved by collecting 3 sample boxes from the
haul (beginning, middle and end sections) in order to avoid size and species separation in
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the codend. Records from these boxes may be recorded separately in order to future
evaluation of the need of such practice. IPMA observers reported that this approach is
already in place but limited to 2 sample boxes due to time limitations for the final box
sampling.

3.1.2 Sampling design in the Indian Ocean

The current onboard sampling design used by IPMA observers on fishing vessels operating in the
Indian Ocean was presented (Lino et al., PO8 — Annex 4) and discussed.

Figure 3.1.2.1 presents the distribution of the Portuguese longline fleet and the observer sets in 2013
(Lino et al., PO8 — Annex 4). The current design includes a single observer trip per year. It was
suggested that the observer should ideally switch from vessel to vessel during the trip to cover a
higher representation of the fleet. However given the extension of the fishing area it was recognized
that this procedure is impractical.

Legend
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& Observaraety
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881

Figure 3.1.2.1 Fishing effort distribution of the Portuguese long-distance longline fleet in the Indian Ocean
and observers coverage in 2013.

Given that the number of vessels effectively fishing during 2011 (when the observer program started)
and 2012 was only 3, this allowed to cover 10-18% of the fished hooks (the de facto measure of effort
for longline gears). However, the number of effective fishing vessels more than doubled (to 8 vessels)
in 2013 and it is expected to increase further in 2014.

Given the possibility of the fishing area be expanded to the East, with two core areas, it was
recommended the coverage of the two areas. However, if only one observer can be allocated, a switch
between areas is advised starting with the area with less coverage.

3.2 Sources of bias on onboard sampling

3.2.1 Literature review

The Velstad and Fogarty (2006) report focuses on the sources of bias based on 24 observer programs
representing all regions covered by the US National Observer Program. The report identifies major
sources of bias and suggests methodological approaches for evaluating and minimizing bias in vessel
selection in observer programs. The major sources identified were: (1) errors in the sampling frame,
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(2) vessel selection and observer deployment, (3) bias caused by changes in fishing behaviour in the
presence of observers.

Table 3.2.1.1 elaborated during WKSDO presents the criteria for vessel selection within a sampling
frame. During the workshop a case study was selected aiming to assess if the currently onboard
sampled vessels would conform to a reference fleet.

Table 3.2.1.1 Criteria used for vessel selection within a sampling frame

Criteria Average Fleet [Average for Vessel1l [Vessel1 with Observer |Source
Vessel length Fleet

Main gear used Logbooks
Fishing effort (lenght/hooks/duration) Logbooks
Trip duration (days) Logbooks
Number of fishing operations Logbooks
Total catch/trip Landings
Depth of observed tows/sets VMS

Species composition

SpeciesA () Landings

SpeciesB () Landings

SpeciesC () Landings
Fishing days/year Logbooks
Fishing area VMS
Fishing season Logbooks
Contribution to total catch landed Landings

Some methods to analyze sources of bias on onboard sampling are suggested in Rago et al. (2005)
where they also compare several measures of performance for vessels with and without the presence
of observers, testing hypotheses for comparing observable properties (e.g. trip duration, fishing areas,
total trip landings, etc.) in vessels” strata. If observed and unobserved trips, within a stratum, measure
the same underlying process, one could expect no statistical differences between variable means (and
standard deviations) measured from the Vessel Trip Report (VIR or logbooks) and the observer data
sets. Examining these differences may indicate if there is evidence of systematic bias. They used a
paired t-test to infer about the correlation between the two sources of data, showing that the mean
difference of the average catch between the two data sets were not significantly different from zero.
Concerning measures of spatial coherence two different approaches are presented: one using
information from VTR and the other using VMS data. Murawski et al. (2005) found that spatial
resolution of traditional data sources (e.g. VIR or logbooks) was insufficient to discern detailed
analysed effects, as revealed by high-resolution vessel positions from VMS and catch data obtained
by observers. Their results showed that effort concentration profiles deduced from VMS data coincide
almost exactly with the profiles derived from the observed trips. Overall, these comparisons
suggested strong coherence between these two independent measures of fishing locations and should
be used.

3.2.2 Case study on Fish Otter Trawl (>=24m)

Bottom otter trawl for fish (OTB_DEF) in 2012 was the fleet segment selected for this case study and
only vessels with overall length above 24 meters were considered. The study was performed in order
to analyze if the group of sampled vessels in the Portuguese mainland waters (6 vessels) were
representative of the sampling frame (target fleet — 25 vessels) and could be considered as a reference
fleet. Logbook, market sales and vessel monitoring system (VMS) information were used for the
analysis of the fleet activity. Table 3.2.2.1 shows the total number of fishing days and total landings
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for each of the analysed components (target fleet, group of vessels sampled and each sampled vessel).
Percentages of landings by the sampled group in relation to the total target fleet were also calculated.

Table 3.2.2.1 Official landings and number of fishing trips for each of the analysed components (Fleet -
target fleet; Group SV - observed group of vessels; V —vessels) in 2012.

General information Source Fleet (25 v) | Group SV (6 v)| Vessell | Vessel2 | Vessel3 | Vessel4 | Vessel5 | Vessel6
Mean vessel length (m) Fleet register 29 30 28 28 28 31 29 35
Number of fishing trips/year/vessel Market sales 152 161 200 202 184 183 146 48
Number of fishing trips/year Market sales 3792 963 5(a) 9 (a) 2 (a) 12 (a) 2 (a) 1(a)
Mean annual landings per vessel (t) Market sales 363 365 311 364 537 377 460 142
Total annual landings (t) Market sales 9,084 2,191
Contribution to total catch landed Market sales | = ----------- 24% 3% | 4% | 6% | 4% | 5% | 2%

(a) number of sampled trips

The results show that the group of sampled vessels present similar ranges for annual number of trips
per vessel and annual landings. They are also responsible for a high proportion of the total landings
for the sampling frame. This is a good indicator that the selected vessels could be part of a reference
fleet.

The criteria used to compare fishing activity of sampling frame and sampled vessels included fishing
effort, trip duration, number of fishing operations, total landings per trip, fishing depth, fishing area
and also total landings and landings of selected species per trip. Table 3.2.2.2 summarizes the results
for all the criteria analysed. The values obtained for the sampled vessels and for the trips with
observers onboard have the same ranges that those obtained for the fleet. Further statistical analysis
should be performed to confirm these results.

The analysis of spatial distribution of the target fleet versus onboard observed vessels fishing
activities was performed by plotting VMS information. Maps were produced to show the spatial
distribution of the fishing activity for the three studied components (target fleet; group of sampled
vessels; and locations of sampled trips) and also to infer on a possible observers’ effect (bias caused by
changes in fishing behaviour in the presence of observers). Results are presented per quarter to
analyze possible seasonal changes in those distributions (Figure 3.2.2.1). The visual inspection of these
plots shows that the spatial distribution of the group of sampled vessels covers the same areas as the
target fleet (Figure 3.2.2.1a). This is a good indicator that the sampled vessels are representative of the
sampling frame and therefore, they could be used as a reference fleet for this stratum.

In what concerns to observers’ effect on fishing behaviour, Figure 3.2.2.1(b) shows that the spatial
distribution of trips with onboard observer (quarter and area) are within the fishing area of the group
of sampled vessels, indicating that the characteristics of the observed fishing trips do not differ from
the regular operation of the vessel. However, it is not possible to conclude anything on the observers’
effect in the SW and S areas in quarters 2-4, due to lack of observers’ coverage.
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Table 3.2.2.2 - Results obtained, median and 1% and 3¢ quartile values (in brackets), when comparing study fleet and onboard data: vessels with the same characteristics
(OTB_DEEF, overall length above 24m), for year 2012. (SV - sampled vessels; WO — with observer; NW — Northwest coast; SW — Southwest coast; S — South coast)

Criteria Source (fleet) Target fleet Group SV Vessell VessellWO Vessel2 Vessel2 WO

Fishing effort (fishing hours) Logbooks 9.6(7.1-12.1) 8(6-10) 10(8-12) 10 (10-10) 8.0(6-10) 8.0(5.9-8.5)
Trip duration (days) Logbooks 0.65 (0.58-0.73) 0.61(0.53-0.69) | 0.66(0.63-0.71) 0.65 (0.6-0.66) 0.58 (0.54-0.65) | 0.58(0.56-0.64)
Number of fishing operations Logbooks 4(3-5) 4(3-5) 4(3-5) 4(4-4) 4(3-5) 4 (4-4)
Total landings/trip (ton) Landings 1856 (1191-3019) [1840(1259-2790)| 1225 (803-1852) | 1214(1107-1731) | 1528 (1098-2100) | 1209 (891-1391)
Depth of observed tows/sets VMS 81(58-134) 92 (60-121) 113 (68-128) 122 (91-126) 104 (68-132) 128 (120-139)
Fishing area VMS All coast All coast NW NW SW SW
Species composition

SpeciesA (HKE) Market sales 106 (46-229) 114 (49-226) 26 (12-56) 13 (11-17) 177 (68-306) 209 (137-290)

SpeciesB (HOM) Market sales 744 (349-1333) 802 (418-1328) | 892(522-1429) | 1019(765-1378) | 814 (388-1268) 471 (213-899)

SpeciesC (MAS) Market sales 68 (20-204) 80 (22-252) 19(7-52) 19 (17-48) 105 (27-251) 102 (19-214)

Criteria (cont.) Vessel3 Vessel3WO Vessel4 Vessel4d WO Vessel5 Vessel5 WO Vessel6 Vessel6 WO

Fishing effort (fishing hours) 7.9(6-9.5) 9.0(8.6-9.4) 6.7 (5.3-8.6) 6.9(5.4-7.2) 8.3(6.0-10.6) 8.5(7.9-9.1) 8.0(6.7-10.0) 10(10-10)
Trip duration (days) 0.51(0.47-0.64) 0.48 (0.48-0.48) 0.61(0.57-0.65) | 0.59(0.58-0.62) | 0.62(0.54-0.71) | 0.66(0.64-0.68) | 0.65(0.55-0.70) | 0.58(0.58-0.58)
Number of fishing operations 5(4-7) 4.5 (4.25-4.75) 4(3-4) 4(3-4) 5(4-7) 5(5-5) 3(3-4) 3(3-3)
Total landings/trip (ton) 2614 (1821-3571) | 2687 (2628-2746) |1740(1271-2312)| 1694 (1393-2243) | 2378 (1881-3550) | 1493 (1273-1714) | 2556 (1723-3975) | 1825 (1825-1825)
Depth of observed tows/sets 69 (57-105) 79 (75-128) 80 (52-133) 117 (76-137) 105 (63-126) 128 (101-137) 123 (100-157) 79 (75-128)
Fishing area S S NW NW S S NW; SW NW
Species composition

SpeciesA (HKE) 138 (82-228) 65 (57-72) 123 (60-201) 88(63-120) 84 (41-141) 82 (56-109) 369 (126-602) 608 (608-608)

SpeciesB (HOM) 610 (265-1007) 185 (144-227) 1192 (731-1690) | 1338 (1058-1815) | 580 (262-968) 74 (73-76) 1036 (590-1274) | 1001 (1001-1001)

SpeciesC (MAS) 236 (98-771) 143 (111-176) 28(14-71) 22 (11-38) 213 (73-634) 377 (196-558) 132 (30-273) 30(30-30)
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Figure 3.2.2.1 Spatial distribution of fishing activity based on VMS records from: (a) all vessels of the target
fleet (gradient of density: yellow for low to red for high); (b) the group of sampled vessels (red
dots) and the trips with observers onboard (black dots), for year 2012.

3.3 Discussion and conclusions

Regarding the sampling onboard the Portuguese long-distance fleet operating in the Indian Ocean
and when only one observer is assigned to this task, a switch between West and East areas is advised,
starting with the area with less coverage.
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From the analyses and discussions on the onboard sampling in Division IXa, several outlines for
future work were drawn:

- Information on refusals and reasons for not deploying observers (e.g. lack of working/rest
conditions for the observer, lack of security, etc.) should be collected in a systematic way.

- The criteria used in the workshop for vessels selection can be applied to all fleet segments to
identify a reference fleet by segment.

- The onboard program may be switched to reference fleet based sampling only for segments
where random sampling is not possible due to high refusal rate and where a reference fleet
can be positively identified. Cluster analysis of landings and effort data in the population
(based on sales and logbooks) may allow the identification of vessels with specific behaviour
pattern that may constitute strata within the reference fleet;

- Actions to disseminate information from onboard sampling must be developed to increase
the number of vessels on which the operators agree to take observers.

Finally, some recommendations were addressed to external bodies:
- To DGRM and SWWAC: Facilitate updated list of contacts of masters and skippers.

- To SWWAC: Indicate the type of information the skippers /masters /associations find relevant
and would like to receive from PNAB-IPMA onboard sampling programme.

Sampling for biological parameters - Growth and Reproduction (ToR 3)

4.1 Age-length Keys

4.1.1 Sampling effort: how much is enough?

The sampling of fish for estimating age-composition of fish population and of commercial landings is
expensive, and it is therefore important to use efficient estimators, as well as cost-effective sub-

sampling strategies. The work by Aanes and Velstad (V@lstad, P10 — Annex 4), “Efficient statistical
estimators and sampling strategies for estimating the age composition of fish”, to appear in Canadian
Journal of Fisheries and Aquatic Sciences deals with the issue of estimating the age-composition of
fish, including the quantification of uncertainty, based on sample data from commercial catch
sampling programs and scientific trawl surveys. In recent years there has been an increasing focus on
the statistical aspects of sample surveys and the quantification of uncertainty in input-data to stock
assessments. Aanes and Vglstad (in review) focused on the design-based estimators of proportions-at-
age and the accuracy (precision and bias) of such estimates derived from complex cluster sampling,
which is the norm. Aanes and Volstad show how estimators (Age-Length-Keys and design-based
estimators) and subsampling strategies can be evaluated through simulation studies, and provide
advice on the choice of estimators and level of age-sampling from primary sampling units (e.g.,
vessel-trips). Many years of effort by expert groups in ICES have revealed the need for statistically
sound survey designs and estimation methods for quantifying the age-composition of commercial
catches both nationally and regionally. This paper provides guidance on the evaluation and choice of
estimators and sampling strategies that is relevant for large sampling programs of fish worldwide.
The approach was used during the workshop to explore otoliths sampling design optimization for
age data collection and age-length keys, with application to the sardine case-study (Section 4.1.2).
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4.1.2 Sardine case-study

4.1.2.1 Introduction

The Atlantic Iberian sardine, Sardina pilchardus, (ICES Divs. VIIIctIXa) is considered as a single stock
for management purposes. The fishing fleet for this resource is mainly composed by purse-seiners
(99% of landings) (Portugal: 160, of which around 115 are medium to large size vessels; Spain: 332).

Catches sharply decreased since the middle of the 80’s due to successive low recruitment years. There
was a 60% abundance decrease in the last 10 years and since 2011 landings dropped from about 72000
tons to around 41000 tons in 2013 (the lowest value within the historic series since 1954), raising
serious concern for the resource sustainability.

High variability of stock abundance is mainly due to direct influence of environmental factors on
annual recruitments.

The fishery management measures since 1998 (Portugal and Spain) involve limitation of fishing boats
in activity, TAC and catch ban periods. Presently the fishery is interdicted till the end of this year, as
the TAC of 20 thousand tons for 2014 was exceeded.

Within the sardine case-study a presentation was carried out based on the 2012 and 2013 sampling
data for growth parameters estimation and considering the discussion on otoliths sampling design
optimization for age data collection and age-length keys (ALK’s) construction (Soares, P11 — Annex 4).
The collection of sardine otoliths is based on a two stage stratified sampling programme (PNAB —
National Biological Sampling Programme): fish sampling with quarterly periodicity in landing
harbours (North — Matosinhos and Pévoa-de-Varzim; Centre - Peniche and South — Olhdo and
Portimao) involving otolith collection from 10 individuals in each length class by sample. Additional
sampling is carried out in research surveys at sea.

4.1.2.2 Sampling design optimization for age data collection and age-length keys - exploratory
analysis

The selected samples for the ALK’s construction must represent the population, and considering that
the 2013 ALK’s estimated values are accurate and precise, different numbers of otoliths” pairs by
length class in each sample were tested in order to check if their representativeness of the population
was preserved. Samples/fishing vessels were used as PSU, randomly selecting in each sample
respectively 10, 5, 2 and 1 pairs of otoliths by length class and for length class intervals of 0.5 cm and
1.0 cm. Whenever a length class did not comprise the required number of otoliths, the existing ones
were used.

The analysis of the sardine ALK's for 2013 (Soares, P11 — Annex 4) showed that the average fish total
length by age group varied among the four quarters of 2013 and also between areas (North, Centre
and South), hence “quarter” and “area” variables were used in the tests.

In order to detect any differences between market samples from the same landing ports in the North
area and from the same time period (quarters 3 and 4, data monthly compared) a Tukey HSD test
comparing the mean length by each age group was carried out.

Table 4.1.2.2.1 shows the mean length, standard deviation, number of otoliths and length range in
each age group in the whole year in each area for the sampling conditions involving 10, 5, 2 and 1
pairs of otoliths by length class and for length class intervals of 0.5 and 1.0 cm.

Figure 4.1.2.2.1 shows the boxplots with fish average length in each age group, by area for each of the
four sampling test conditions (10, 5, 2 and 1 pairs of otoliths by length class) and the length intervals
of 0.5 and 1.0 cm.
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Figures 4.1.2.2.2 to 4.1.2.2.4 show the boxplots with fish average length in each age group, by quarter
and area for each of the four sampling test conditions (10, 5, 2 and 1 pairs of otoliths by length class)
and the length intervals of 0.5 and 1.0 cm.

Figure 4.1.2.2.5 shows the fishing sites geographic positions in the North area from which samples
were used for comparing the mean length at age group from samples from different vessels fishing in
different areas.

Figure 4.1.2.2.6 presents the Tukey HSD test results comparing the mean length of the samples
collected from catches undertaken in the sites/quarters shown in figure 4.1.2.2.5.

Table 4.1.2.2.1 Mean length (cm), standard deviation, number of otoliths and length range in each age group
in the whole year in each area for 10, 5, 2 and 1 otoliths’ pairs by length class and length class
intervals of 0.5 and 1.0 cm. These variables are also shown for original ALK’s as a reference
(yellow columns). (ALK’s were built based on 0.5 cm length class intervals).

Total_2013_OTOLITOS

Age 0 Age 1 Age 2 |Age 3 lAge 4 Age 5
0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 [ 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 [ 0.5cm
10070 Mean Lt(cm) |15.1 15.2 15.6 18.4 183 18.6 19.8 19.8 19.6 20.3 20.3 20.4 213 21.2 21.0 213
s.d. 1.64 1.59 1.61 1.51 1.51 1.41 124 1.24 1.29 1.31 1.33 [%25) 1.02 1.07 1.05 1.09
n2otoliths 278 141 447 1298 678 1967 1089 528 2182 1849 432 1618 471 249 998 288
LT(cm) min 10.5 11.0 10.5 13.0 13.0 13.0 15.5 16.2 155 16.5 17.0 16.5 18.0 18.0 17.2 18.6
LT(cm) max 18.8 18.4 19.7 22.9 22.3 22.9 23.2 23.2 232 24.3 243 24.3 23.6 234 24.0 24.3
50T0 Mean Lt(cm) |15.2 15.4 15.6 183 183 18.6 19.8 19.8 19.6 20.3 20.4 20.4 213 213 21.0 215
s.d. 171 1.66 1.61 1.53 1.55 1.41 130 1.30 1.29 1.38 1.37 [%28) 1.01 1.16 1.05 114
n2otoliths 171 82 447 751 382 1967 619 299 2182 481 245 1618 255 143 998 169
LT(cm) min 10.5 11.0 10.5 13.0 13.0 13.0 15.5 16.2 55 16.5 17.0 16.5 18.2 18.0 17.2 18.6
LT(cm) max 18.3 18.4 19.7 22.9 22.3 22.9 23.2 22.3 232 24.3 243 24.3 23.6 23.4 24.0 24.3
20T0 Mean Lt(cm) |15.2 15.3 15.6 18.1 18.2 18.6 19.7 19.6 19.6 20.4 20.4 20.4 213 215 21.0 21.7
s.d. 1.87 1.72 1.61 1.53 1.67 1.41 134 131 1.29 1.47 1.41 [%25) 1.08 1.06 1.05 1.18
n2otoliths 87 41 447 328 180 1967 265 133 2182 201 920 1618 120 56 998 72
LT(cm) min 10.5 11.0 10.5 13.0 13.0 13.0 15.5 16.2 55 17.1 173 16.5 18.0 18.3 17.2 19.5
LT(cm) max 18.3 18.3 19.7 22.3 22.1 22.9 23.2 223 23.2 24.3 24.3 243 23.6 23.2 24.0 243
1070 Mean Lt(cm) |15.4 15.3 15.6 18.1 17.9 18.6 19.7 19.6 19.6 20.3 20.5 20.4 21.4 215 21.0 21.9
s.d. 1.92 1.79 1.61 1.65 1.59 1.41 146 1.35 1.29 1.43 1.50 [%25) 1.13 1.08 1.05 1.16
n2otoliths 52 25 447 181 88 1967 127 65 2182 105 66 1618 64 30 998 49
LT(cm) min 10.6 11.0 10.5 13.0 13.0 13.0 15.5 16.2 55 17.3 17.1 16.5 18.0 20.0 17.2 19.7
LT(cm) max 184 18.2 19.7 21.5 20.3 229 22.6 223 23.2 24.3 24.3 243 23.6 234 24.0 243

Matosinhos_2013_OTOLITOS

Age 0 Age 1 Age 2 Age 3 Age 4 Age 5
0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm
10070 Mean Lt(cm) |16.7 16.8 16.4 19.0 189 19.1 20.3 20.3 20.0 211 21.1 21.0 21.8 21.7 21.7 22.2
s.d. 0.63 0.68 0.88 1.39 1.42 1.26 117 117 1.36 1.06 1.09 1.09 0.81 0.85 0.90 1.04
n2otoliths 72 39 132 501 256 879 427 203 812 239 117 524 199 104 277 62
LT(cm) min 15.5 16.0 14.5 15.3 15.3 15.3 17.0 17.0 16.0 17.8 19.0 16.5 19.4 19.4 18.3 18.6
LT(cm) max 184 18.4 19.3 22.9 22.3 22.9 23.2 23.2 23.2 24.3 243 243 23.6 234 23.8 239
50TO0 Mean Lt(cm) |16.7 16.9 16.4 18.9 189 19.1 20.3 20.2 20.0 211 21.2 21.0 21.9 219 21.7 223
s.d. 0.66 0.72 0.88 1.43 1.49 1.26 1.19 1.23 1.36 1.14 1.17 1.09 0.77 0.88 0.90 1.04
n2otoliths 47 25 132 276 140 879 224 112 812 138 66 524 107 56 277 38.00
LT(cm) min 15.5 16.0 14.5 15.3 15.3 15.3 17.1 17.0 16.0 17.8 19.0 16.5 20.2 19.4 18.3 18.6
LT(cm) max 183 18.4 19.3 22.9 22.3 22.9 23.2 22.3 23.2 24.3 24.3 243 23.6 234 23.8 239
20TO0 Mean Lt(cm) |16.7 16.9 16.4 18.9 189 19.1 20.3 20.2 20.0 211 21.2 21.0 21.9 219 21.7 223
s.d. 0.66 0.72 0.88 1.43 1.49 1.26 1.19 1.23 1.36 1.14 1.17 1.09 0.77 0.88 0.90 1.04
n2otoliths 47 25 132 276 140 879 224 112 812 138 66 524 107 56 277 38
LT(cm) min 15.5 16.0 14.5 153 15.3 155 17.1 17.0 16.0 17.8 19.0 16.5 20.2 19.4 18.3 18.6
LT(cm) max 183 18.4 19.3 22.9 22.3 22.9 23.2 22.3 23.2 24.3 24.3 243 23.6 234 23.8 239
10TO Mean Lt(cm) |17.0 16.7 16.4 18.9 18.6 19.1 20.4 20.2 20.0 21.2 21.7 21.0 22.0 222 217 22.4
s.d. 0.78 0.65 0.88 1.44 134 1.26 1.23 121 1.36 1.19 1.18 1.09 0.94 0.86 0.90 1.07
n2otoliths 13 6 132 58 28 879 49 25 812 27 18 524 23 10 277 12
LT(cm) min 15.9 16.0 14.5 15.4 15.3 155 17.3 173 16.0 18.7 20.0 16.5 20.2 21.0 18.3 19.7
LT(cm) max 18.4 17.4 19.3 215 203 229 22.6 223 23.2 24.3 243 243 23.6 234 23.8 239

-27 -



Table 4.1.2.2.1

Mean length (cm), standard deviation, number of otoliths and length range in each age group
in the whole year in each area for 10, 5, 2 and 1 otoliths’ pairs by length class and length class
intervals of 0.5 and 1.0 cm. These variables are also shown for original ALK’s as a reference
(yellow columns). (ALK’s were built based on 0.5 cm length class intervals). (continued)

Peniche_2013_OTOLITOS

Age 0 Age 1 Age 2 Age 3 Age 4 Age 5
0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm
10070 Mean Lt(cm) |14.3 14.4 15.2 18.9 189 18.9 20.2 20.2 19.9 20.9 20.9 20.7 213 215 21.3 21.8
s.d. 1.58 1.47 1.85 114 115 fi%( 3] 1.08 1.07 1.07 1.00 1.03 0.98 0.84 0.85 0.82 0.84
n?otoliths 141 70 244 390 201 602 381 184 782 306 164 629 172 83 373 106
LT(cm) min 10.5 11.0 10.5 13.0 13.0 13.0 16.5 17.0 16.5 18.0 18.0 17.7 19.5 20.0 18.7 19.9
LT(cm) max 18.8 18.2 19.7 21.2 21.2 21.3 22.8 22.4 22.8 23.3 233 233 23.3 233 24.0 19.9
50TO0 Mean Lt(cm) |14.3 14.5 15.2 18.8 18.8 18.9 20.2 20.1 19.9 20.9 20.9 20.7 21.4 215 21.3 221
s.d. 171 1.57 1.85 117 1.22 113 115 113 1.07 1.11 1.08 0.98 0.86 0.87 0.82 0.83
n?otoliths 84 40 244 241 119 602 223 106 782 161 90 629 88 49 373 57
LT(cm) min 10.5 11.0 10.5 13.0 13.0 13.0 16.5 17.0 16.5 18.0 18.4 17.7 19.7 20.1 18.7 20.3
LT(cm) max 18.2 18.2 19.7 21.1 21.1 21.3 22.6 22.3 22.8 23.3 233 233 23.3 23.1 24.0 243
20T0 Mean Lt(cm) |14.6 14.8 15.2 18.6 18.7 18.9 20.1 20.0 19.9 211 20.9 20.7 21.4 21.7 21.3 223
s.d. 1.96 1.76 1.85 1.20 139 113 116 119 1.07 1.08 112 0.98 0.98 0.81 0.82 0.99
n?otoliths 45 23 244 108 61 602 96 46 782 67 26 629 44 24 373 27
LT(cm) min 10.5 11.0 10.5 13.0 13.0 13.0 16.8 17.2 16.5 18.4 19.3 17.7 19.5 20.2 18.7 20.0
LT(cm) max 18.2 18.2 19.7 21.0 21.1 21.3 22.3 22.3 22.8 23.3 23.1 233 23.3 23.1 24.0 243
10TO0 Mean Lt(cm) |14.8 15.1 15.2 185 183 189 20.1 20.1 19.9 20.8 20.8 20.7 215 215 213 225
s.d. 2.08 191 1.85 1.46 1.51 113 1.38 112 1.07 1.11 1.14 0.98 0.93 1.09 0.82 101
n2otoliths 26 15 244 64 31 602 40 18 782 37 25 629 26 13 373 17
LT(cm) min 10.6 11.0 10.5 13.0 13.0 13.0 17.0 183 16.5 18.8 183 17.7 19.7 20.1 18.7 20.3
LT(cm) max  |18.2 18.2 19.7 21.0 203 213 22.6 223 22.8 23.3 231 233 23.1 233 24.0 243
Portimao_2013_OTOLITOS
|Age O Age 1 Age 2 Age 3 Age 4 |Age 5
0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm lcm ALK 2013 | 0.5cm
100TO  |Mean Lt(cm) [15.1 15.1 15.3 17.1 17.2 17.3 18.7 18.7 18.6 19.2 19.1 193 20.1 20.1 20.2 20.5
s.d. 1.09 1.03 116 1.19 117 1.20 0.80 0.83 0.93 0.89 0.93 0.91 0.73 0.78 0.77 0.63
n2otoliths 65 32 71 407 221 486 281 141 588 304 151 455 100 62 348 120
LT(cm) min 12.2 122 12.2 14.3 14.3 14.3 15.5 16.2 15.5 16.5 17 16.5 18 18 17.2 19.2
LT(cm) max 17.6 171 17.6 20.3 20.3 20.3 20.8 20.4 21.7 21.4 21.4 216 216 214 221 22.5
50T0 Mean Lt(cm) |15.1 15.1 15.3 17.1 17.0 17.3 18.7 18.6 18.6 19.2 19.3 193 20.3 20.0 20.2 20.6
s.d. 127 119 116 1.22 114 1.20 0.85 0.88 0.93 0.97 0.97 0.91 0.72 0.92 0.77 0.69
n2otoliths 40 17 71 234 123 486 172 81 588 182 89 455 60 38 348 74
LT(cm) min 12.2 12.2 122 143 14.3 143 15.5 16.2 55 16.5 17 16.5 18.2 18 17.2 19.2
LT(cm) max 17.6 17.1 17.6 20.3 20.3 20.3 20.6 20.4 21.7 21.4 213 21.6 216 214 22.1 22.5
2070 Mean Lt(cm) |14.8 15.0 15.3 17.0 16.9 17.3 18.6 18.6 18.6 19.1 19.3 19.3 20.3 20.0 20.2 20.9
s.d. 139 1.49 116 1.26 118 1.20 0.91 0.98 0.93 0.96 0.91 0.91 0.83 0.79 0.77 0.77
n2otoliths 20 8 71 114 57 486 71 39 588 76 39 455 29 11 348 33
LT(cm) min 12.2 12.2 122 143 14.3 143 15.5 16.2 55 17.1 17.3 16.5 18 18.3 17.2 19.5
LT(cm) max 17.1 17.1 17.6 20.3 19.3 20.3 20.6 20.4 21.7 21.3 211 21.6 216 211 22.1 22.5
10TO Mean Lt(cm) |15.0 14.4 15.3 16.9 16.7 17.3 185 18.5 18.6 19.1 19.2 19.3 20.3 20.5 20.2 21.0
s.d. 156 1.69 116 131 124 1.20 0.96 0.96 0.93 0.97 1.08 0.91 0.98 0.40 0.77 0.77
n2otoliths 13 4 71 59 29 486 38 22 588 41 23 455 15 7 348 20
LT(cm) min 12.2 12.2 122 14.3 14.3 143 15.5 16.2 55 17.3 17.1 16.5 18 20 17.2 20
LT(cm) max 17.1 16.2 17.6 20.3 20.3 20.3 19.7 20.1 21.7 21.3 21.4 216 21.5 211 221 22.5
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Figure 4.1.2.2.1 Fish average length (cm) in each age group, for the whole year and by area for each of the four
sampling test conditions (10, 5, 2 and 1 otoliths’ pairs by length class) and the length intervals
of 0.5 and 1.0 cm.
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Figure 4.1.2.2.2 North (Matosinhos): fish average length (cm) in each age group, by quarter and area for each
of the four sampling test conditions (10, 5, 2 and 1 otoliths’ pairs by length class) and for the

length intervals of 0.5 and 1.0 cm.
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Figure 4.1.2.2.3 Centre (Peniche): fish average length (cm) in each age group, by quarter and area for each of
the four sampling test conditions (10, 5, 2 and 1 otoliths’ pairs by length class) and the length
intervals of 0.5 and 1.0 cm.
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Figure 4.1.2.2.4 South (Portimao): fish average length (cm) in each age group, by quarter and area for each of
the four sampling test conditions (10, 5, 2 and 1 otoliths’ pairs by length class) and the length
intervals of 0.5 and 1.0 cm.
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Figure 4.1.2.2.5 Fishing sites in the North area (Q3_C and Q4_A sites are overlapped).
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Figure 4.1.2.2.6 Tukey HSD test comparison between mean length by age group from each fishing site and
quarters 3 and 4 (see Figure 4.1.2.2.5).
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4.2 Maturity ogives

4.2.1 Introduction to hake case-study

The presentation from Costa et al. (P12 — Annex 4) raised several issues related to sampling and
estimation of the maturity ogive (MO) for hake (Merluccius merluccius). The main questions raised
were related to the time of sampling and the source of hake samples, given the sampling constraints
because the species shows a sexual dimorphism in terms of growth and maturation (sex-ratio is 1:1 till
~ 35 cm of length, whereas at bigger sizes females are predominant in relation to males), and likely
also presents ontogenetic and sexual changes in spatial distributions. However, MOs in assessment
are sex combined.

Pros and cons of current sampling concerning the time of the year and the source of sampling off the
Portuguese coast are (Costa ef al., P12 — Annex4):

- If samples are taken during Autumn IBTS demersal surveys, the main advantage is that a
larger range of sizes is sampled and proportions of mature fish at length can be more
accurately raised to the abundances estimated during the surveys. The disadvantages are: the
survey takes place out of the main spawning season, there is an increased probability of
macroscopic misidentification of immature/resting individuals (no histological validation).

- If samples are taken from commercial catches: it is difficult to obtain non eviscerated fish,
smaller individuals (<27 cm) are unavailable (with the consequent limitations for the logistic
model fitting), the size distribution of the fish landed depends on the gear used (different
selectivity between polyvalent and bottom trawl). The main advantage is that it is possible to
obtain samples during the main spawning season. However, are the market samples
representatives of the population? Can the spatial distribution of males and females and the
proportion of mature fish be inferred without bias from market samples?

4.2.2 Improving the estimation of maturity ogive

Following the discussions on this subject during the workshop additional analyses were carried out in
order to clarify the effect of the timing and source of sampling, and to identify the potential sources of
bias in the estimation of the MOs, namely:

- Analyse the sex-ratio distribution along the coast for the demersal research surveys (PNAB):
Autumn 2004.

- Use the data from microscopic gonad stage classification to obtain a proportion of
immature/resting to apply to MO.

Preliminary results showed that sex ratio is similar along the coast, with a slight increase in the
offshore stations (Figure 4.2.2.1).

The length-at-first maturity, Lso (estimated from the fitting of the MO) does not differ when using
macroscopic data from samples collected during the 2007 Winter demersal survey (March), during
the main spawning season (Ls=28.73 c¢m), or the ones from market, collected in the same season
(L50=28.80 cm) (Figure 4.2.2.2).

The use of data from histological gonad stage classification to obtain a proportion of immature/resting
to apply to MO also gives close values of Lso (Lso=31.75 cm) when compared with the same data from
macroscopic identification (Ls0=32.92 cm) (Figure 4.2.2.3).

The MOs estimated from the 2004 Autumn and the 2005 Winter surveys revealed slight differences in
Lso (Figure 4.2.2.4).
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The analysis of the MOs estimated with a 1:1 proportion of males and females vs the real observed sex
ratio shows that the Lso is slightly higher when the proportion 1:1 of both sexes is considered (Figure
4.2.2.5).
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Figure 4.2.2.1 Sex ratio by (a) region and (b) near the coast vs off-shore from the 2004 Winter demersal survey.
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Figure 4.2.2.2 Maturity ogives (macroscopic staging) from samples collected during the Winter demersal
survey (left panel) and from the market sampling in Feb-Apr (right panel), in year 2007.
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Figure 4.2.2.3 Maturity ogives estimated with GLM fit based on macroscopic (left panel) and histological
staging (right panel).
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Figure 4.2.2.4 Maturity ogive (macroscopic staging) estimated with GLM from (a) 2004 Autumn survey and (b)
2005 Winter survey.
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Figure 4.2.2.5 Maturity ogives (macroscopic staging) considering (a) all data and (b) a 1:1 sex-ratio based on
samples collected during the 2004 Autumn survey.

4.3 Discussion and Conclusions

4.3.1 Growth

The analyses of the sardine case-study (Section 4.1.2) indicate that there will be no significant
differences in the length distribution by age-group if the number of otoliths selected in each length
class is reduced. At the age group composition and length distribution the results obtained reducing
to 5 the otoliths selected by length class were similar to what is the present situation, considering the
ALK’s only regarding 2013. The reduced number of samples usually collected from age group 6+,
may explain bigger differences found in average length at age observed in older age groups in the
different tests undertaken.

The analysis of the number of otoliths by sample in each area and quarter pointed out that
satisfactory results can be achieved with 5 or even 2 otoliths by length class.

From the quarter analyses, a 1.0 cm length class interval option is not advisable due to a higher
variability observed. However, when considering the total by year and area the results assuming 1.0
cm length class interval do not show so obvious differences in comparison to 0.5 cm length class
interval.

Sardine case-study was a first approach to the Portuguese species sampling design optimization for
age data collection to estimate age-length keys. The mean length by age group varies among areas
(Soares, P11 Annex 4) despite sardine being caught mostly with one “fishing-gear” (purse-seine). A
comparison of the mean length from samples collected in the North area, by port and month, was
performed. Despite the very low number of samples, there are significant differences in combinations
of sites/quarters (Figure 4.1.2.2.6), which suggest that the samples selection must consider these
factors. This analysis should be performed for other areas and years to confirm the observed
variability before any change to the current otoliths sampling design.

The analysis performed for sardine should be extended to other species and should include factors
like “fishing gear”, “fishing site stratum” (depth), “landing harbour” which may be particularly
important for species with wider distribution and caught by several fleet segments. The effects of
using a stratified design by port and quarter (or other variables) should be accounted for in the
estimation of the final age-length keys for the overall Portuguese landings. The possibility of taking
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advantage of probability-based market sampling to obtain probability-based age sampling may be
considered in the future as a means to obtain a more design-based sampling scheme.

4.3.2 Reproduction

The analysis of the hake case-study (Section 4.2) indicated that sex and maturity data from the
Autumn demersal surveys could be used to predict the maturity ogive (MO) of the following year.
This approach should be further explored given the absence of demersal surveys during the peak of
hake spawning season (January-March) and market sampling constraints (hake is landed gutted).
Therefore, it is recommended to perform a comparison between the macroscopic maturity data from
the 2011 Autumn demersal survey and the 2012 macroscopic and microscopic maturity data from
market samples during the spawning season. However, it is emphasized that predicting MO requires
additional assumptions, namely on growth and mortality rates during the period between the
Autumn demersal survey and the spawning season in the following year. Hence, it is highly
recommended to estimate MO from in-year market samples.

The sampling design should be based on the analysis of available data from port sampling, in
particular to: investigate the distribution of lengths/sexes/mature fish per gear and fishing area to
better characterize the spatial distribution of mature fish. It was also suggested that efforts be doubled
to obtain representative samples from the fleet, randomizing the sampled trips. Additionally, samples
of smaller fish (< 27 ¢cm, not landed) could be obtained from onboard sampled trips. It is noted that
the upcoming "landing obligation" may allow these specimens to be sampled on-shore.

Further, bottom-trawl stations conducted during the triennial horse-mackerel DEPM (daily egg
production method) surveys, carried out in January-February, might be explored to collect additional
data on hake maturity.

Recommendations and Future Work

ToR 1)
- Randomization of landing events within sampling days should be improved.

- Extend the feasibility evaluation of combining concurrent sampling and species-focus
sampling to the analysis of precision of the mean length estimates.

- Explore other sampling strategies (e.g., sampling directly for size categories instead of
sampling trips) and ponder the development of a pilot study including field experiments.

- Compare the different raising methods (e.g., current, design-based, by categories),
particularly in relation to the updated design where the SSU are trips.

The following recommendations to improve fishery data are addressed to DGRM and
DOCAPESCA:

- At the landing port several species need to be correctly identified and discriminated at
species level.

- Include in the daily landing database of SLV (Servigos de Lota e Vendagem, DOCAPESCA)
the discrimination of the fishing gear(s) used at the trip level.
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ToR 2)
Sampling onboard long-distance longline fleet operating in the Indian Ocean:

- If only one observer can be allocated to the onboard sampling programme, it is recommended
a switch between fishing areas (West and East), starting with the area with less coverage.

Sampling onboard vessels in Division IXa:
- Collect information on refusal rates by fleet segment.

- Investigate the existence of reference fleets for segments where random sampling is not
possible due to high refusal rates.

The following recommendations are addressed to DGRM and SWWAC:

- Facilitate updated list of contacts of masters and skippers and indicate the type of
information skippers /masters /associations would like to receive from PNAB-IPMA onboard
sampling programme.

ToR 3)

- The approach used in the sardine case-study to optimize the sampling design for age data
collection should be applied to other species.

- The sardine analysis suggested a significant reduction on the number of otoliths required to
estimate the ALK’s used in the stock assessment. However, additional analyses should be
performed before any change to the current sampling design.

- Following the analyses and discussions on hake reproduction and maturity ogives, it is
suggested to explore the use of the microscopic gonad stage classification to estimate the
proportion of immature/resting in the length range where macroscopic staging can be
misidentified.

- Analyse the available data from port sampling to investigate the distribution of
lengths/sexes/mature fish per gear and fishing area to better characterize the spatial
distribution of mature fish and base the maturity market/onboard sampling design.

- Explore the effects of different raising procedures on ALK’s and maturity ogive estimates.

Imprecise and biased stock assessment input data, like those analysed and discussed in the workshop,
strongly affect the quality of key parameter estimates, like fishing mortality (F) and spawning stock
biomass (SSB). A framework for cost-efficient sampling to support stock assessment was presented
by Velstad (Velstad et al, P09 — Annex 4). An Open Source software (StoX) currently under
development at IMR will support reproducible stock assessments, where estimates of parameters
such as spawning stock (biomass and numbers) and fishing mortality (F) can be presented with
associated measures of precision (e.g., relative standard errors or confidence intervals). In particular,
the StoX programs will allow the quantification of the propagation of sampling errors in input data
obtained from catch-sampling surveys and scientific trawl surveys (i.e., fishery dependent or
independent data) to the stock assessment results used in quota advice. The tool will include methods
for quantifying sampling errors in swept-area estimates and acoustic estimates of numbers-at-age and
numbers-at-length using data, based on methods in Aanes and Velstad (in review) and Stenevik et al.
(2014), as well as sampling errors in estimates of catch in numbers-at-age or numbers-at-length from
catch sampling surveys, using the model ECA (Hirst et al. 2012).
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Annex 2: Meeting Agenda

Objectives:

WORKSHOP ON SAMPLING DESIGN AND OPTIMIZATION (WKSDO)

IPMA, 17 — 20 November 2014 (4 days)

- Analysis of current sampling designs and their optimization:

market sampling for length composition
onboard sampling for catches
sampling for biological parameters

Agenda
Day 1
09:00 - 09:30 Startup procedures. Presentation of participants.
Workshop TORs
Introductory presentation: Portuguese fleets and fisheries — M. Azevedo, C.
Silva, M. Dias
09:30 - 10:30 TOR 1: Market sampling design to estimate the length composition of landings.
Concurrent sampling and species focus sampling.
Presentations:
- Present sampling design (10+5 min) — N. Prista, M. Dias
- Rays (10+5 min) - I. Figueiredo, C. Maia
- Anglerfishes (10+5 min) — R. Alpoim, T. Moura, N. Prista
10:30 - 10:50 Coffee break
10:50 - 12:30 Presentations:
- Catch length composition estimated from commercial size-categories: does
it improve accuracy? — M. Azevedo, C. Silva
- Sampling designs — J. H. Volstad
Discussion:
Market sampling design, sampling effort and precision.
Approaches and definition of case studies to be discussed in working groups.
12:30 — 14:00 Lunch
14:00 — 16:00 Working groups
16:00 — 16:20 Coffee break
16:20 - 17:30 Presentation of WGs results. Summary of the discussions.
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Day 2

09:00 - 10:30 TOR 2: Catch sampling onboard
Presentations:
- Sampling design in Div. IXa (10+5 min) — A. C. Fernandes, N. Prista
- Sampling design in Indian Ocean (10+5 min) — P. G. Lino, R. Coelho, M. N.
Santos
Discussion:
Objectives, sampling design, sampling effort, constraints, raising, how to
improve the precision of estimates.
10:30 - 10:50 Coffee break
10:50 — 12:30 Discussion (continuation)
12:30 - 14:00 Lunch
14:00 - 16:00 Presentation:
- Framework for assessing monitoring effort to support stock assessment -
J. H. Valstad
Working groups
16:00 - 16:20 Coffee break
16:20 - 17:30 Summary of the discussions.
Day3
09:00 —10:30 TOR 3: Biological sampling
Presentations:
- Sampling/precision ALKs —J. H. Velstad
- Sampling for age / ALKs, CS Sardine (10+5 min) — E. Soares
- Sampling for maturity / maturity ogive, CS Hake (10+5 min) — A. M. Costa,
C. Nunes, J. Pereira
10:30 - 10:50 Coffee break
10:50 - 12:30 Discussion
12:30 - 14:00 Lunch
14:00 - 17:30 Working groups and summary of discussions
Day 4
09:00 - 10:30 Working groups
10:30 - 10:50 Coffee break
10:50 - 12:30 Working groups
12:30 - 14:00 Lunch
14:00 - 17:30 Report writing (Discussion and Conclusions). End
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Annex 3: Glossary of statistical terms

Statistics

POPULATION (Populagao): complete set of items from which we may collect data.

TARGET POPULATION (Populacao alvo): is the entire group about which the researcher wishes to
draw conclusions.

STUDY POPULATION (Populacao de estudo): is the group from which sample is to be drawn.

SAMPLE (Amostra): is a group of units selected from a larger group (the population). By studying
the sample one expects to draw valid conclusions about the larger group.

SAMPLING UNIT! (Unidade de amostragem): In order to take a sample from a population, the
population must consist of, or be divided into non-overlapping parts (units). Sampling can then be
conducted by selecting units according to a defined sampling scheme. The units that can be selected
in catch sampling schemes are typically groups, e.g. the group of fish landed from a fishing trip or
group of fish caught in a fishing operation.

PRIMARY SAMPLING UNIT! (Unidade de amostragem primadria): A sampling unit in the first
stage in a multi-stage sampling scheme is called a primary sampling unit. Examples of primary
sampling units in the most common catch sampling schemes are trips, vessels, landing places or site-
days.

NON-PROBABILITY SAMPLING (Amostragem ndo-probabilistica): sampling units are selected
deliberately (based on attributes), because they are convenient (easily accessed) or haphazardly (one
cannot guarantee that the sampling units are selected independently of their measurement values).
An example of non-probability sampling is quota sampling.

PROBABILITY SAMPLING (Amostragem probabilistica): sampling units are selected so that every
sampling unit has non-zero probability of being present in the sample and no unit is guaranteed to be
selected (execpt in very unusual instances), Sampling strategies for probability sampling include
simple random, stratified, systematic or cluster.

SAMPLING FRAME! (Lista de amostragem): In statistics, a sampling frame is the list of sampling
units or device from which a sample can be drawn. The sampling frame comprises all the sampling
units and any stratification of these, and may be based, e.g., on a vessel registry or list of ports.

SAMPLING DESIGN (Desenho amostral): The set of rules that govern the sampling.

SAMPLING STRATEGIES (Estratégias de amostragem): there are several methods for selecting a
sample:

RANDOM SAMPLING (Amostragem aleatéria) — Each individual is chosen entirely by
chance and each element of the population has a known, but possibly non-equal, chance of
being included in the sample.

SIMPLE RANDOM SAMPLING (Amostragem aleatdria simples) * - each
individual is chosen entirely by chance and each element of the population has the
same probability of being selected. There are two ways of selecting a simple random
sample, with replacement or without replacement of the sampling units selected.

UNEQUAL PROBABILITY RANDOM SAMPLING (Amostragem aleatéria com
probabilidades desiguais) — each individual is chosen entirely by chance and but
elements of the population have different probabilities of being selected. There are
two ways of selecting a simple random sample, with replacement or without
replacement of the sampling units selected.
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STRATIFIED SAMPLING (Amostragem estratificada) — the whole population is divided
into non-overlapping subpopulations, called strata (singular: stratum), from which samples
are taken. Stratification can used be to achieve designated precision levels at stratum level,
for convenience of implementation and/or to obtain overall gains in precision of final
population-level estimates. In general, gains in precision are obtained when strata are
internally homogeneous/similar but heterogenous/dissimilar between each other. Samples
can be selected from each stratum using random sampling (with or without replacement) or
unequal probability sampling.

CLUSTER SAMPLING (Amostragem por conglomerados) 3 — the whole population is
partitioned into groups called clusters, each containing one or more elements, but the
sampling units are the clusters. As opposed to the strata, the clusters are preferably based on
heterogeneity/dissimilarity within cluster and homogeneity/similarity among clusters.
Clusters may be selected using, e.g., simple random sampling. In some books cluster
sampling is considered to include multistage sampling-

MULTISTAGE SAMPLING(Amostragem multietapica) 3 — several sampling methods are
combined into successive sampling stages. At each stage, there is probability-based selection
of sampling units, which can be clusters (initial phase) or elements (final stage)or clusters.
Stratification can also be used in multistage sampling. In some books multistage sampling is
included in cluster sampling.

SYSTEMATIC SAMPLING (Amostragem sequencial)®) — The population elements are
ordered and a first element is randomly selected. Subsequent elements are selected every kth
element from the starting point.

QUOTA SAMPLING (Amostragem por quotas) — Sampling is carried out from a random starting
element until a pre-defined quota is attained (the designated sampling effort). This strategy suffers
from a number of methodological flaws, the most basic of which is that the sample is not a random
sample and therefore the sampling distributions of any statistics are unknown.

STRATIFICATION! (Estratificacdo): The advance decomposition of a finite population of sampling

units of size N into K non-overlapping subpopulations (strata) of size Ni .

POST-STRATIFICATION or STRATIFICATION AFTER SELECTION! (Pds-estratificacao): If a
simple random sample is taken from a finite population of sampling units of size N the sample may

be treated as a stratified sample during the analysis if the post-strata sizes N, are know. Stratification

after selection (post-stratification) is usually applied if the strata to which the selected sampling units
belong are only known after the sample is taken or one is interested in estimates for different
subpopulations than the originally envisioned. This is often the case for métiers. Standard stratified
estimators may have to be weighed when a métier crosses sampling strata.

SAMPLING EFFORT (Esfor¢o de amostragem): Number of samples to collect. Sampling effort can
be optimized to achieve the precision levels required for a certain estimate, taking into account the
costs of sampling and the variance of the samples/strata.

ACCURACY (Exactiddo): an indicator of the closeness of an estimated value (e.g. population
parameter) to the actual value.

PRECISION* (Precisdo): is a measure of how close an estimator is expected to be to the true value of
a parameter. Precision is usually expressed in terms of imprecision and related to the standard error
of the estimator. Less precision is reflected by a larger standard error (or a larger coefficient of
variation).
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BIAS* (Enviesamento): a term which refers to how far the average statistic lies from the parameter it
is estimating, that is, the error which arises when estimating a quantity. Errors from chance will
cancel each other out in the long run, those from bias will not.

Low precision High precision

Lower accuracy ' &

(low bias)

Higher accuracy

(high bias)

Fisheries section

CONCURRENT SAMPLING? (Amostragem simultinea): Sampling all or a predefined group of
species that are simultaneously present in landings (or catches) of a certain fishing trip.

FLEET" (Frota): A physical group of vessels sharing similar characteristics in terms of technical
features and/or major activity.

FISHERY! (Pescaria): A group of trips targeting the same species assemblage and/or stocks, using
similar gear, during the same period of the year and within the same area.

FLEET SEGMENT? (Segmento de frota): A group of vessels with the same length class (LOA) and
predominant fishing gear during the year, e.g. according to the Appendix III of the EU-DCEF. Vessels
may have different fishing activities during the reference period, but are classified in only one fleet
segment.

METIER!2 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.

HIERARCHICAL LIST OF SPECIES? (Lista hierarquica de espécies): When there is no possibility to
do the “concurrent sampling”, a list of species with major interest is needed. This list must include
species of relevance for management purposes and for which a request is made by an international
scientific body or a regional fisheries management organisation (DCF). It can be compiled in
accordance to DCF requisites (combination of species groups and sampling schemes adopted).

TICES. 2012. Report of the second Workshop on Practical Implementation of Statistical Sound Catch Sampling Programs, 6
- 9 November 2012, ICES Copenhagen. ICES CM 2012 / ACOM: 52, 71p

2 EU Commission Decision (2010/93/EU) of 18 December 2009, adopting a multiannual Community programme for the
collection, management and use of data in the fisheries sector for the period 2011-2013 (notified under document C(2009)
10121)

3 Cadima, E.L.; Caramelo, A.M.; Afonso-Dias, M; Conte de Barros, P.; Tandstad, M.O.; de Leiva Moreno, J.I.. 2005.
Sampling methods applied to fishing science: a manual. FAO Fisheries Technical Paper. No. 434. Rome, FAO. 88p.

4 Statistics Glossary (STEPS internet site)
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Annex 4: Presentations

PO1

* Polyvalent

- usingavariety of gears a5 gillnets and.

Portuguese Fleets and Fisheries

Manuela Azevedo, Cristina Silva, Marina Dias

WKSDO, IPMA 17-20 November 2014

Workshop on Sampling Design and Optimization - WKSDO (PNAB-GosPo)

Fleet segments Characteristics

= "&400 vessels
i '

trammel (the majority),
beam trawls, longiines, trps, pots and
dred

ges

—  represents 17% (weight} and 29% fualue)
of commercial landings

* Purse Seine

~ Used to be the mostimportantin landings
volume; recent sz dine crisis

*+ Bottom Otter Traw!
= twaofleet components; demersz| fish and
crustaceans.

ANipeea
s

* Polyvalent
a large variety of gears & species: round
and flatfish, cephalopads {octopus &

cuttlefish), elasmabranchs {rays &
skates), ..

i 2
~ SM-Lsizes($is majority)

~ 115 vessels
coastal
- $Msizes

— 785 vessals (25 for crustacesns)
- coastal

—  MLsizes

vessel size: < | 2m — Smal; 10-24 m — Medium, > 24 m - Lage

* Purse Seine

Pelagic species: sardine, chub-mackerel,
mackerel, horse-mackerel, bogue, ...
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Demersal Trawlers (OTB_DEF)
* 60 vessels, 9 - 25m, 45— 1000 kw,
mesh size 65mim & 70mm
« Area: Partuguese coast outside 6-

s .;6‘

Crustacean Trawlers {(OTB_CRU)
* 25vessels, 20~ 29 m, 360 - 450 kW,
mesh size 55mm & 70mm
« Area:SW &S coasts outside 6-mile

NAFO-NEAFC
= 11vessels, bottom and pelagic trawl

Fishing Grounds

e

W

a4

10 AW S BT W T3 e

= ICCAT-IOTC
= ~27 vessels {19: Atlantic/ICCAT; 8 Indian
Ocean/I0TC), drifting longline




Each species within a region shall be classified within a group according to
the following rulest:

Group 1

Species that drive the international management process including s
under EU management plans, EU recovery plans, EU long term multi-
annual plans, EU action plans for conservation and management.

Group 2
Other internationally regulate
regulated by-catch species.

ecies and major non-internationally

roup 3
All other by-catch species. List established at regional level.

1 Decision adopting a muiti G it the collection,
mznagement and use of data in the fisheries sector for the period 20112013

Other Regions: ICCAT & I0TC
Species
IFishing ground Species (Latin) Species (Eng.) Species (Port) Group
- Emarre
tspnornidae. | Sillfisn wetiros 1
T
|Gaiado 1
[Prace g e srure frrze T
Sattomors Oer sraves Frucmres T
|CCAT (ATL) i [obncere s voncer T
E
Em obesws [Sigeye Lina. Jraum e
Trurns s et o i
Sworgisn | T
s socrer From tirn o
(Evsmynnus aketeraus w Mera
fsries Grymchius. [Tutmrin-aneguem ¥
Provacs geuca Euuram rarera
7 | Albacore. Aum-voader
IoTC (FAO B1#A7) Thunnus athacares tum-albacora
Thanis cbess | e i g i
[Sworaten spadarte

North Atlantic: Iberian Fishing Ground
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NS&EA + NAFO areas

Fishing ground |Spae|es (Lating Spacies (Eng.) Species (Port) 5"‘6 G
Gasis moin = Becaras -
" | Sebasies mentess dfish fundir il
Eastem Aflic nlard it [ atote-cn Gronelancia 1
I
T
[Gadis mortus Jod Bacanay 1
| Himpagresaves plstessaides 5olha-Amarcana 1
BT T
| Alabute-da-Gronsiindia. 1
MAPQ presia (setesies sop_ eatien [Peices-vermeinos b
Sothas p
| ¥ellowtad flounder Soiha-de-pint-amarsa. 2
[racscugae [oreanser Gansdars P
Iceland, s "
and Irminger Sea

™
) '
P[m . North Atlantic: Iberlan Fishing Ground
Spocios (Lalin) |Species (Eng.) [Specles (Port,) | P20e* )
b | s |swauu.-nna o ==
[Excpaan s Engna 1 Corger corger [Cower En B
iphurops carto s i3 s padapraa T o 502 bass [Robalo >
e o | e s vgar >
{Cotopus vikgars. Craa vaigar z
alen honri e X wate v [—— :
[TambarT sovaca | i
roto [ ot coina ol z
oglarish [Tambl 1| [Semis Oitcinats [Cuttizich (Choco wigar z
| Movkelus mevhecus [Heve Pescada ¥ i [Carapan 3
ol R | :
[Norway lobster Lagestim 1
Covcorsforaes_ |Guson ray o a3 domalhas T
[Faiz brachyira [Eanda ray 5
[Faw conas [Tomback Rale-longa T
|Raia monagd | Spotsa ray Haia-manchada 1
Fains e raye s svates |ae T
Srins S T
[Soomer oo [Mucorat S T
[ Sole 1

siles
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Market sampling for length
distribution
(ICES Division 1Xa)

Nuno Prista, Marina Dias

Workshop on Sampling Design and Optimization
IPMA, Lisboa, 17-20 November 2014

Recent ICES Work

ICES DCF related Workshops
WKACCU (2008}
Ergeision in fishenes stalistics can be improved by increasing ihe sample sizes ini data
collection programs whereas bias shouid be eliminated by developing and following
ield data and anaiytical methods
WKMERGE (2010)

Highly reseived and temporally dynamic métier definitions are a inneficient basis for
stratification {...) [that], can [ead to over-stiatification and probiems of under-sampling
ornon-sampiing of strate, and poor conirol over_sampling probabillies. Rather, MS
should specify sampling frames and sgmple selection schemes with temporally siable
shrata that are capable ol providing sufficient data for the required metiers and fishing
grounds. The métiers are treated as domains of inferest rather than strata, uniess the
metier is sutficiently stable over time 10 act s a siratuim with controlled sampiing
probabilities.

WKAGCL W of Fishiries Data useat for Assessment

WHMERGE: Wirkahos on mathods for marming matiers for fishery baseet samping

Recent ICES Work

ICES DCF related Workshops

PGCCDBS answer to EU Comission Query (2014}

PGCCDBS considers that sampiing effort is better alfocated to_yell defined and more.
predictable sirata such as vessel lists or port ists where a sufficient sampling rate can be
assured and all primary sampling units have a conirolied probability of being sampied.
Within these straia, more resolved méliers will appear in sampling achievements in
proportion o their activily, and unbiased estimates for these can be extracted through
post-stratification.

STECF review of proposed DCF 2014:2020-p2 (STECF13-01)

Sampling strategy: MS should perform sampiing programmes collect data necessary
for evatuation of stocks and fisheries. Sampling shouid be carried out in accordance fo
best available praciice for siatistically sound sampling.

PGOCDBS: Plaring Group on Cammersial Catches, Discards and Boigical Sampling

DCR/DCF evolution : as ,9"

DCR! DCF®)
2002-2008 ‘ 2008 onwards
Stock-based approach Fishing activity based approach

+ Bialogical sampling performed in
order to evaluate the compasition in
length of the landings for specified

Data collected by mefier in order to
evaluate the quarterly length
distribution of species in the catches:

stocks. = Métiers decided based on 90%
criteria {landings, effort)
= Sampling unit = fishing trip;

Whnen sampling a fishing trip, the
species are samplad concurrently.

fa) Commssion £ 0) Mo

programmes for
o, 15432000,
4

peograTne
the peria 20112013

Recent ICES Work ,: asPe

ICES DCF related Workshops
WKPICS / SGPIDS (2011-2013)

Recommended the use of probability based sampling schemes with 3
grimary sampling units and sirata oplimised to deliver the required estimates for species,
fleet metiers, fishing grounds or other variables of interest. Emphasised that such
schemes allow samples 10 be easily exirapolated 1o the target population using weighting
factors based on nclusion-probabilities;

Advised against using the alternative and widely adopted sampling method of getting
‘quotas” for numbers of fishing trips or fish to sample within multiple. highly
resolved and dymemic fleet activities (e.g. EU Level-8 métiers). This method involves
searching for specific ypes of trip to sample in order to meet a quola for a specified time
period, and as a consequence he selestion ilities for ail other métiers i
sampling frame. This can lead to bias and reduced precision,

WKPIGS: o roge

Main statistical concepts and pathway to PSU stratification:

Popuishan Lemgih.ct o caugh . OCF mamans
Targot Popuiafian
Study Poguiation

= Swata fgos

o Stala lemparsd
=+ Sirata geograghich

Samping frame of
prievary setpting unds
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Market sampling design (2014)

Within-PSU sampling design: stratified multistage

Primary samping unt
Seconday vanging sne
s

= soan
revoy s

* souts

Quaemary sampong v

Aipezza

ohee
® Sampling effort allocated to the

auction*guarter combinations that
register the highest landings

® Systematic selection of auction’days

Total PSU per lleet segment
{fixed on the 2013 DCF objectives)

5]

O B
cufesaesl

smsfesaz

aunmuleroksalens s kg

En
e
=
"
=
7
0
"

e

acPa

Project Execution/Quality Control

©R-+Coogle calendar used for execution control
© Enhances regional coordination
® Records changes to annual plan

®Quality control assurance
@ Random checks on trip records (annual runs, implemented)
® Semi-automated R and SQL soripts (quarterly and annual runs, in
development)

®Execution and quality control reperts to end users (in developmen).
@ Programme management
©® Regional coordinators (NW, SW, S)
@ Stock coordinators
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Making it all operational

® 3regions, 3 teams e

« NW: 11+ people

N
- SW:8+people
= 5:2+ paople
®landings vary spatially and quarterly
depending on fleet and species
sw

@ Sampling effort allocated to the
auction*quarter combinations that register
the highast landings

Some results

800000 eces focusod concurrent 150 spacies focused concurent

-a % /

Maw ortaria for sampling
sften allocwion

facPa

Sugsted topics for discussion

@®Can auction coverage be improved while maintaining precision and
operational costs?

®Impacts of random sampling on lists crowded with small vessels: Is it
worlh to further stratify? what about overstratification?

®How lo conjugale concurrent sampling wilh directed species sampling
under a probability-based design?

®Is it really worlh to sample 100 fish per size calegory vs. sampling less
fish on more trips per PSU.
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Nipesza
P The species GesRe
N

Case Study - Two species assigned lo three different commercial

species al landing ports Irrespective of the species:
- Lophius piscatorius (MON})
- Lophius budegassa (ANK)

Anglerfish (Lophius spp.) ~Eepiiusispn NS}

+ Lophius piscatorivs (more common in the northern areas,
up to 1000 m, depth distribution varies with size)

» Lophius budegassa (more common in the southern areas,
from 70 to 1000 m deep, depth distribution varies wilh size)

IPMA Workshop on Sampling Design and Optimization
17-20 November 2014

+ Fisheries management: annual TAC for both species

Monitoring in place
_ PENICHE (auction) SESIMBRA (auction) VRSA (auction)
£
el 'z ‘2,‘,' 4 'g Anglerfish sampling under the national sampling program (PNAB/DCF):
E 5 60 -] 60
£ 40 40
sl :ilm s
§ 0 —_— gir— g —— * Concurrent sampling
& x N ¥ N x N
E] é £ H § H E é £ -onboard “random”
" PENICHE (pnab) SESIMBRA (pnab) VRSA (pnab) - port
% u;: |$: g
< ﬁ ;'3 ] ﬁ'g * Pilot study on trammel net fishery targeting anglerfish
s .a
g zg . Z!; il | 2‘[1' - onboard
o x N x ~ "directed”
ES § £ S § € é g g - port L

5 GacPa
The fisheries I
!g,g IR < Onboard sampling
— Concurrent sampling - Pilot study

The multi-gear and multi-species fleet includes vessels with several licences: o .

e.g. trammel nets (different mesh sizes), gillnets (different mesh sizes), - "

lenglines, traps. 1 e

' { w

- Multi-gear/multi-species * H |:| |:|

- R ; e || MR 11
- Purse seine 4 W cma e Weamcam 158
= H o 5
s i’ ] — * e

' —— Trammel nets ¥ : Z W-17% ¥ Wed164

i S A Gillnets 8 s e N

e ¥4 Trawl 1
e T r—— e 7] 1l Hfﬂﬂﬂ
= - o - (5]
W wowowomom e w W N N
Within the multi-gear and multi-species fleet, trammel nets are the main

fishing gear deployed, with the level of catches higher than trawl Sampling from commercial vessels that land few amounts of anglerfish
— Small number of individuals to produce TL distributions
d s
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Pilot study

Teawd

n=573

i [ TR
PE 35 45 55 85 75 B5 85 105 115 125

Market sampling
Concurrent sampling
Travd
2 =
= a
= o5
i n=1808
T @5 45 S5 65 U5 Bs 95 105 115 155 2
Length class (emp
Trammel nets
g %
# #
i =218
S 25 35 45 55 85 75 BS 95 105 115 125 g
Lengin eass (e
Glllnets
-3 -
L a
*y i
0l 0273

© 25 as 45 s ss 73 Bs g5 s 115 128
Lenaih viass (e

0o

Sampling optimization

Lengsh elass (em

Trammel nets

Lagth olass (omi

Lergh elass (e

GocPa

Ideas to optimize sampling:

- Slralified sampling?

+ secondary fleel vessels

— Other strategy(ies)?

2. Three strata: composed of primary fleet vessels (Trawl)+ primary fleet
vessels (rammel nels) + secondary fleet vessels
- More accurate {but risks overstratification?)

Two strata:

yfleet (2013) |

1. Two strata: one composed of primary fleet vessels (all gears combined}

3

b s S

Fraquaney.of Frequency of s
Anglarfish dalie Anglerfish sales R EEE
e ot -
7 ;o kvt i
Tw T Nt 3 )
£w i o senzces FERT)
o 2 5 e
g = i = Al o
e = Lazug £ 1
. 2
L b
fw 1o
E o 00
et
L T T T 1 L T T T T
* ] g E] 2 -] L -] E] k] 2
L g 2 £ & o B

2500

@“Primary fleel” frequently lands monkfish in large quantilies
@"Secondary fleel” lands much less frequently and in smaller quantities
@There is some evidence of difference in length structure between the tw

Sampling optimization
G2 ror s
Vessel Contribution 2= 5 £ B
e { (2013} E =9 i =7
F " 2 -_L o _L
i —— P
f H
E el OTB_CRU All fleets
il i i gall 4]
5 55§ o l i I
Vi 7 )
Lorg s (5o o Bagrn cavk i50m | -
A few number of vessels (N, 5= 11) is responsible for 50% of the total landings of
anglerfish (both species)
The pilot study corroborates this: some vessels have catches ~9% of the tot;
anglerfish caught by the polyvalent fleet

Two strata:

Vessel Contribution (2013)

5 “ Secondary flesl:
e 2013: ~3240 vessels
% { 374 with anglerfish
2 08
g .
5 2 . 2
- Primary fleet:
: 2013; 11 vessels
! y ; 8 GNS-GTR
= 8 g H 8 20TB_DEF

Some additional notes RacPa

Onshore sampling
= Vessels sampled belonged mostly to the “Secondary fleet”

sSome ports like Sines (SW) and Sagres (S) undersampled while Peniche (SW)
appears to be oversampled

Onboard Sampling (pilot study)
= Trips may last up to 4 days where different gears are deployed
» Intra-trip variability:

v Different hauls

¥ Other target species/gear, where anglerfish can be taken as by-catch:
hake (Gilinets), John dory (Trammel nets}, Wreckfish (Trammel nets}

= Between others, frequency of hauls directed to anglerfish vary with season
{higher frequency in the first semestre}
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Angerfish

o,
W=117.3
Depth= 240
BE e @ om wE W T
Lergihclass (om)
Angleriish —
W=864
Depth=200
20 30 a4p 50 B0 76 BD 80 100 110 120
st
Angleriish n=31
i W= 89.7
3 Fm b
o a0 =
e T e

Lerghalass om)

Some additional notes

% ]

00

Onboard sampling: intra-trip variability

John Dory

il

45 55 65 75 85
Lengeh class (em}

Anglerfish

Y]
e .

e

95 105

=14

-54 -

Turning multi-purpose?

vessel contribution 2013

vessel contribution 2013

Cumulatve landings (3
Cumulative landings (%)

Vessel rank Sromm—

@"Skates and Rays” and "Hake" fleet display similar patterns.
©@Partial overlappling between primary fleets of different species: is multi-pul
primary fleet the way forward?
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SKATE LANDINGS BY SPECIES
SAMPLING REQUIREMENTS

PNAB/DCF PILOT PROJECT ON RAYS AND SKATES

Ivone Figueiredo and Catarina Maia

TR TR—)

aipma

i

SKATE LANDINGS BY SPECIES - 772 D)
SAMPLING REQUIREMENTS 7L/

At the Portuguese landing poris
Despite the EU regulations (Regulation EC No 43/2009; EC No 39/2013)

that settled the obligation of recording skates landed weight by species

the problems on species identification persist

SKATE LANDINGS BY SPECIES -
SAMPLING REQUIREMENTS

The melhodology adopled lo eslimale the landed weighl by species al each landing

port includes the following steps:

1) identification of vessel’s group sharing similar vessel size (S) and seasonality
(Sz):

2} to each sampled trip the fishing gear (G) was allocated lo the group identified in
Step 1 (each level of the factor represented by combined of the three variables
8, Sz and G is considered as a stratum} used to each sampled trip and;

3) estimation of the total number of trips;

4} estimation of skate landed weight by species and by stratum. E
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aipm;a

SKATE LANDINGS BY SPECIES - A DA
SAMPLING REQUIREMENTS ol

« Skates are mainly by-catches from multispecies mixed fisheries

« Most of the landings are derived from § A
the polyvalent segment. e

During the period 2008- 2013, Peniche,
Sesimbra, Setubal, Matosinhos and

Pévoa de Varzim have been the most

important landing ports of skates.

SKATE LANDINGS BY SPECIES -

//'_} SAMPLING REQUIREMENTS

+ Under the PNAB/DCF skate pilot study that took place from 2011 to 2013

the Portuguese landings by skate species were estimated based on

sampling fishery data collected at the main landing poris.

aipma SKATE LANDINGS BY SPECIES —
//“‘} SAMPLING REQUIREMENTS
Estimators

Proportion of the landed weight of species, a, in year, y, at the landing port, p
and stratum s

pa — Z!=1(pa(a,y,p,5)(‘ X W(y,p.s)i)/
(ayps) — WEyp.s)

Total landed weight of the species a, in year, y at the landing port p

W(“v)’;ﬂ} = Zﬁa(a,y,p,s) o W()’»P-S)
5




SKATE LANDINGS BY SPECIES —
SAMPLING REQUIREMENTS

Results

For year v, at the landing port, p
W(y.p) - skate (overall species) total landed weight;

N{yps) - skate (overall species) total number of trips at stratum, s (estimated);
Wiyp - skate (overall species) total landed weight at strafum, s (estimated);
var (W,”,:,j - variance of the skate (overall species) total landed weight at stratum, s

wiyp.s) - skate (overall species) total sampled landed weight at stratum, s;
n(y,p,s) - skate (overall spacies) fotal sampled number of trips at stratum, s;
P ayps - SaMpling proportion of species, a, at the stratum, s; and

var ([Aype) - variance of the sampling proportion of species, &, at the stratum, s

SKATE LANDINGS BY SPECIES ~

SAMPLING REQUIREMENTS

Sampling requirements

Landing port: XXXX
Year: XXXX
For each siratum (vessel’s size, vessel’s seasonality and gear), what is the
optimal sampling size {number of trips) to estimate the total landed weight
of species ?

Given a significant level of XX% and an error of YY.
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Catch length composition estimated from commercial
size-categories: does it improve accuracy?

Manuela Azevedo & Cristina Silva

WKSDO, IPMA 17-20 November 2014

Sampling Design and ~WKSDO (PNAB-GesPe)

H,: There are significant the cial
mean size-category

Sleps:
1) dala screening
2} test differences belween the mean size by commercial category

3} esti the length position by size-calegory & compute
length probability distribution by size-category

4) eslimate the catch/landing length composition by fleet & total

size-category (TO-T6) mean length
5

I I i =3 I3

B I PE I Iz
pye T T T

7
T B N T M e T T T

0]

PO | paw | maw
=T A

e
[TAvERS [SERA ORF{ LAGDS NARCGNNGY CLIAD | PGS | PORTMAG s 00 AR SESHERA | BETIRAL A0

R
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Why?

size matters! €EEEEEE
catch (landing) statistics are compiled by
fishing trip approach to estimate the length composition of the cateh is (maybe) based
on low number of samples

ial size-category

characterizing the size-category by species requires lower number of samples (<
€€€) comparad to trip approach

size-category approach can be used fo estimate the length composition of the
catchvlandings for {several} species/stocks with few/low number of sampled trips

Application
2 stocks:

- southern hi (hom-ay), Partug

catch by fleet, 2012

- southern hake (nke-8cda), Portuguese landings by fleet: 2013

data: 2010-2013
W noow o om omonow
TR AvERD g o 3 gt = » e
o cemors [0 1 s m = w @
FL— T R
i e
oresn et T S
L i - oo & s @
DTRAWIL_SEIMERA o o i 1 1 “ L3
o s el : ;s .
oreaa_VLA AL
o e s i o i o«
Foun e il s 2
oL HcutiA oA Fe2 * P S
PoLW_1ABDS o a a 1 o o
POLV_MATOSINHOS. e & ’ u £ i
o o P e
ot et - T
POLYV_POV0A 0O VARIM ¢ u 1 u 3 o v
o s 5l . s . : o
POUN_SETUBAL w1 1 3 2 ® ©
POLYY_SiES u e 5 u i L o
mnwmamcems |8 1 a8 o o o
PR G 0L 98¢ o ¢ 1w 2
- El: : ¢« . o
- [ T U R
1 o L L] 1] 5 3




e " ” —
Of  SumSq MeanSq  Fualus Brisf)

swcatg 5 327459 625492 53239 2ed6 St
Residuals 56401 IDISCO6 12 W@ ox oW
; o ) T T = =
5% tamity-wise confiden ce level X lengihin stee-totegoryt i
o0
o X~ N, ) T -
T -
. " Pllow, < X, <upp) =0.95 e
e "
aas /
bliad " saocatg mean sl low  w £ N /
ki . I VR —- e = & 5
i . noowm oam ow oa | .
i mox am oA m H
nn w ;
oo osm 1w " | an
i " ™ 19 281 13 M i | \
15

W, =0.00896L*

size-catg sw
It kg) P
s T 0376 . B
n o oam » Ny ==L | -
g B owm SW; g " .
1 L3l 2 DTRAWL POLYW ik FA i
5 15 0.057 § =0 e \
L1e  ooo | 2 3 ==

i s
N g . e o S PR 1 1 I\ il
i where: - I “
C~—catch {or landings) ‘ i |
f-fleet TR A
i— size categary {i: T1-T6) =
sw - sample weight

size-category approach

Trawl Polyvalert Purse Seine Trip approach:
Trawl Polyv Ps « Trawl overestimating small size hom:
8 3 ] - = Polyv missing caich of small size hom;
] ¥ ] | + Purse Seine overestimates caich of small size &
underestimates catch of medium-large hom
biased size-selaction patiern!
g ] i i ¥ i
g g g s csogory orosch e amprascn
H 5 " Strong YC in 2011 & 2012 g i i § §
i i + cach of small sizo hom 1 ¥ 1 H H
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DTRAWL POLYV

2013 — Raising by categories
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aipma

Calchflandings length camposition is as much (hke} or more (hom) accurate
when estimated with “size-category” approach than with “trip” approach

Conclusions

Lower sampling effort (< €€€) with size-category approach

Should sampling focus on characterizing/monitoring species size-
categories?

Future work

+ Apply the approach lo other species/stocks;

+ Evaluate the effect of the size-category app for fish stock
and management

-59-



PO6

Statistical principles of survey
sampling design applied to catch
sampling programs

Jon Helge Velstad

ﬁ INSTITUTE OF MARINE RESEARCH
WAYFORTENINGSINSTITUTTET

Major theoretical challenges in
survey design

» Design the survey so that it will meet
adequate precision requirements
— within budgetary, administrative, and practical
constraints
» Estimate the precision actually obtained

for several important catch characteristics

- Due to the complexity of survey designs that can actually be
implemented this is not always straight forward

Steps in the planning of surveys

« Define the universe (target population)
to be studied

— E.g., total commercial annual landings of
NEA cod from Barents Sea (by Norwegian
vessels)

» Define what statistical information is
needed

— E.g., numbers of NEA cod by age-class in
annual landings

A&

Steps in the planning of
sample surveys

» Decide what type of sample survey that
could provide the information that is
needed
— At-sea sampling versus on-shore
— Frequency of coverage, allocation of sampling
effort over the year

— Should a large survey be conducted at rare
intervals, or would a series of smaller surveys at
frequent intervals be better?

— Consider available resources

— Consider difficulties of obtaining the information
ﬁ (non-response etc.)

Steps in the planning of surveys

* Define the study population

- E.g., all vessels/trips with catches of NEA
cod

» Define the sampled population

— All vessels/trips that it is actually possible
to sample

Target éopulaiion | Sampling
frame 7

Not reachable

Sampled

vessels/trips IUU
Could not
be sampled

Not included in sampling frame




Steps in the planning of surveys

= Lay out several rough alternative
sample designs to evaluate costs

« Decide maximum allowable sampling
errors
- E.g., based on pilot studies

Develop field sampling procedures

At-sea surveys

+ Sampling frame may be based on a
vessel registry

« Primary sampling units (PSUs)
— Vessels (e.g., Reference Fleet, where all

sampled trips are nested within a fixed set
of vessels)

— Trips (Observer programs where trips are
selected across all vessels in the frame)

» Secondary sampling units (SSUs)
- ™ Fishing operations (Sets, Hauls, ...)

On-shore surveys

= Sampling frame may be a matrix of sites-days
(e.g., ports X days)
= Hierarchical sampling
— Stage 1 sampling units (PSUs)
+ Site-days
— Stage 2 sampling units
+ Vessels/trips
— Stage 3 sampling units
+ Boxes (e.g., stratified by species and market-
category)
- Stage 4 sampling units
ﬁ + Individual fish sampled and measured for length
and age

Multi-stage sampling for
biological data is the norm

» The PSUs will generally contain
complex clusters of individuals
—e.g., hierarchy where catches are clustered
within site-days and trips
— Fish that are caught together tend to be
more similar than fish in the entire target
population (e.g., annual landings)

Principal design classes for at sea and on-shore commercial catch sampling. The
primary sampling units may be sub-sampled in multiple stages, using simple random,
stratified random, or systematic sampling.

Design | Sampling
class | frame of PSUs

Comment, example Examples of

stratification of PSUs

Casestudy

A Vessel*time | Sample & sumber of trips of fishing | Vessel-characteristics

operations across all vessels. Inthe | (ength). quarter

NL case study
Skagemak
regional study
NOcase studies.

analysis. trips or fishing operations
are treated as PSUs

B Vessols | Samplea goup of vessels, Flects (offshore/constal), | NO-case study

Special case: If 1l vessels are gear, target fishery

sampled, each vessel is effectively a

stratum, and trips are sampled over

time from each vessel
c Sites *time | Random sample of port-days. Geographic (markets),

Quarter SE case stmdy

D Sites. Sa group of ports Geogrephic, quarter, ES case studies

se: I all ports are

effort, or landings atthe | Scouish study
sampled, each portis effectively a | sites
stratum, and vesselsirips are

sampled over time from ezch por

Example of sampling frames

4 List of vessels b List of ports

Day of year

125056788,

[vemern T

-61-




Stratification

« Stratification is the process of dividing
units in the sampling frame population
into non-overlapping subgroups before
sampling.

— Can be done for multiple sampling stages
— Sample sizes within strata are fixed in
advance

— For proper weighted estimation across
strata, the strata sizes must be known!

&

Why stratify?

» Administrative and cost benefits

— E.g., local field staff may sample from a
group of ports with reduced travel time

» Improve overall precision for fixed cost
— Create strata of homogeneous units
— Optimize allocation of samples

» Control sample sizes for strata of
particular importance
— To help achieve precision targets

A

Stratification to maximize
precision of estimation

« The principle is to construct strata so
that their averages are as different as
possible, and their variances are as
small as possible

« Allocation of samples ~proportional to
strata size is safe when the survey has
multiple objectives

Allocation of samples to strata

« Optimum: .  Proportional allocation
. 40, works well for multi-
h Z AG, objective surveys

= Proportional:

4,

24,

n, =nx

A&

Limitations of stratification

« Cannot normally stratify catch samples
by métiers (e.g., statistical area and
gear combinations) because the trips
and catch operations in each are not
known in advance

« Sample sizes (#PSUs) may preclude
- stratification by all major gears
— stratification be vessel size, etc.

METIERS versus STRATA

- METIER: 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 catches for such a sub-population of fishing operations
in a fishery (domain) cannot generally be sampled with
known probability since a list of PSUs within metiers is not
avallable in advance.

— Estimates of catch characteristic for a métier (domain) are
therefore often based on stratification after selection of PSUs
{post-stratification.)

A&
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Domains

« Estimates may be desired for
subpopulations (domains) of the general
target population
— Obtaining precise estimates for many

domains (e.g., métiers) can be costly!

» The sample sizes for domains cannon
generally be fixed in advance
— Gannot identify in advance the population

units of each domain

&

Domains

» The sample sizes for catch surveys
should be sufficient to produce
estimates of reasonable precision for
major domains;

* Precision requirements for domains
present a major challenge
- May require oversampling in some strata,

resulting in overall loss in precision for
fixed cost

&

Examples of domains

» Quarterly estimates of discard by fishing
ground

« Catch composition of gear type * target
species * fishing areas

» Quarterly estimates of landings and
discards numbers at age, by species,
area (subdivision), mesh-size range,
Loa of vessels

A

A caution on quota sampling

« Sampling to achieve a given sample
size for a particular métier (e.g., when
sampling trips in a port) will often result
in bias
—Métiers will not be sampled in their right

proportion
— Inclusion-probabilities are unknown
— Overall precision may be reduced

Precision requirements versus
achieved precision

« Advance calculations of the expected
variance for some key characteristics to
be obtained from the survey are useful
for planning
— This calculation is based on incomplete
knowledge (from pilot studies, other catch
sampling programs etc.)

— Important to estimate the precision actually
achieved, and adjust design if necessary

&

Estimation principles for clustered
data — At-sea sampling

« Observations are expanded in reverse
order
— Means and frequencies from a sub-sample of the
catch is expanded to the total catch of a haul

— Averages across hauls within each trip are expanded
to the trips

— For observer programs with trips as PSUs, averages
for trips are expanded to all trips
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Estimation principles for
clustered data

+ In practice, catch sampling programs
will only collect data from a very small
fraction of PSUs

» Variances can therefore be calculated
from the PSUs only

— For small sampling fractions (< 10%) we
can assume sampling with replacement
— Number of PSUs sampled will often drive

the achieved effective sample sizes

&

Role of post-stratification and
model-based estimation

» Post-stratification can take advantage of
census data to balance the sample

— Complete trip-ticket data crossed with
vessel registry can be used to re-weight
samples

— Sample data may be more representative
for the general fleet within statistical areas
and vessels groups

— Improve spatially balance to reduce

A&

vessel/trip selection bias

Methods for evaluating surveys

« The efficiency of each survey design can
be evaluated by comparing the
respective design-based variance of the
estimated characteristics with the
expected variance obtained under simple
random sampling.

Some measures of the
efficiency of surveys

= The effective sample
size is the number of
observaticn units
selected by simple
random sampling that
would be required to
achieve the same
precision obtained
under the actual
complex (hierarchical)

« Design effect:

P
o oo
deff = A

« Effective sample
size:

n, =n/deff

sampling design.
& & pling g
Projected precision in i mean length of cod given
sample size in each sampling stage
Effective sample sizes | T
: |
| |
— Effective sample size are often close to # atl |
of PSUs A | |
— Individual fish cannot be assumed SRS R J —E
# bt 2 #
é é - o Kilde: Sondre Aanas
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Onboard Sampling
in Division IXa

Ana Claudia Fernandes and Nuno Prista

Workshop on Sampling Design Optimization

Lisbon 17-20 November 2014

DCF Métiers
OTB_DEF_>=55_0_0

Fleet Segments Denomination

OTB_DEF

LLS_DWS

Otter bottom traw! - demersal fish

LLS_DWS_0_0_0 Deepwater set longline

Vessels combine métiers
inasame trip

TBB_CRU_<55_0_0 TBB_CRU

Beam trawl -crustaceans ||

WKSDO, Lisbon 17-20 November 2014

7Fi5hing effort distribution is used to allocate
sampling effort into three regions:

[ Fleet | Nw | _sw | s | Total |
16 18

OTB_CRU 5 2
OTB_DEF 18 15 5 38
LLS_DWS 3 9 . 12

PS_SPF 9 6 24
GNS_GTR 13 8 3 24
TBB_CRU 12 . : 12

Logbook data: OTB and LLS_DWS
Auction sales data: PS_PSF; GNS_GTR and TBB_CRU

N

General: Collect data necessary for the evaluation of
stocks and fisheries

Onboard:

- estimate discards produced by Portuguese fisheries,

concerning species under regulation (TAC, quotas,
MLS, recovery plans)

- characterize the catch (landings+discards)
compositionin different fisheries (species, lengths)

WKSDO, Usbon 1720 Nevember 2014

aipma

horse-mackerel, cephalopods and

OTB_DEF othar finfish NW; SW, § 2004-2014
deep-water rose shrimp, Norway 004
Qe Caul lobster and blue whiting S0s 2 Ak
LLS_DWS black scabbardfish NW; SwW 2005-2014
PS_SPF sardine, horse-mackerel, chub- NWE SW: S 2009-2014
mackere|
GNS_GTR Demersal fish NW;SW;S  2011-2014
TBB_CRU Crustaceans NwW 2010-2014

WHSDO, Lisbon 17-20 Novemnber 2014

Fopulation [ Teretnpor: i T
Targer Foputation [Lengihs offended fish | [ engthsof non-landedfih [Discar
Study Population 5

= Strota

st

@ sty
Saratngfare o Pt wins
(Combinationvessel*time] [ese] _ Systematic ssmpiing
Primary sampling unit - - BitDeaTeie

PNA At-shore.

) Vessel operating in Poruguese ports

S % s 5 o
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plce
* Quasi-systematic distribution of trips in
quarter*region

= Quasi-random selection of vessel from the list of
cooperative vessels

* Contact a vessel and ask shipmaster if he is
working that week and if observers can go
onboard

—Yes —try to go in a trip (that same week)
— No — contact another vessel from the list

aipowa
s LLS_DWS & GNS_GTR

i

Primory sampling unit e

Secorrdary samaling unit = Set 2

- ;

Tertiary sampling unit Eﬁwn{_l [Semment 2] |

 Strate [Landing fraction | [orseardfraction |

st i [  [ms
Systematicsampling

B

17-20 November 2014

-
R
Vessel lengt % nr vessels % trips
Il Il
OTB_DEF >=24 15 0.53
OTB_CRU >=18 13 0.37
LLS_DWS >=12 12 0.10
PS_SPF >=12 20 0.23
GNS_GTR >=12 2 0.02
TBB_CRU* >=12 30 0.90

* Some vessels under 12 m were sampled

WKSDO, Lisbon 17-20 Movember 2014

OTB _DEF & OTB_CRU

Primary samgling unit

Secondarysompiing unit

Terciary sampiing unit

= sirta . [om] 2
= strote i [Discars fraction |

—— ] N B 1 B | T
Systematicsampling
Bl s random sampling

B s

TBB_CRU & PS_SPF

+
Primary somgling unit ]
Seconderysampling unit Haul 1. Haul 2 Haul_n

- it
5 Strata [Landing fraction | Sliping [b)

T
ey somogonc (B[R] RN ] e - [
Legeng
Syirsaicriping

{b) Only for PS_SPF I conss

), tlsbon 17-20 November 2614

* Way forward
— Register refusal rates in a database

— Find a way to overcome the low cooperation of
industry, taking into account the “Landing
obligation”

* Topics for discussion

—Is there a problem with the overlap of vessels lists
between regions?

— How to cope with “Landing obligation”?
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aipma

,‘

Portuguese fleet has been fishing with longline in
Sampling design in the Indian Ocean the Indian Ocean since 1998

* On-board sampling since 2011
No port sampling (transhipment 1O ports; landed
in Vigo)
Self-reporting through IPMA scientific electronic
loghook (spreadsheet)

Pedro G. Lino, Rui Coelho and Miguel N. Santos

WORKSHOP ON SAMPLING DESIGN AND
OPTIMIZATION (WKSDQ)

— Fishing

—Liceraed

Number of Vessels
-
7]

0
1897 1856 1998 20002001 2002 2003 2004 2005 3006 2007 2008 2000 2010 2011 2012 2013 2014

Year
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pilce

8 vessels (19)

* 1312 fishing sets with 1557998 hooks fished
3vessels (18) 3 vessels (16) e | * Min hooks: 588; Max hooks: 2180; Avg hooks:
1335
— e % * Observers covered 130 fishing sets (9.9%) for a
total of 170924 hooks (11.0%)

Hooks fished (thousands)

1800
1800
1400
1200
1000
800
800
400
200
0

2011 2012 2013
Year

« Observers are boarded on collaborating boats

» Sampling area occurs in the core fishing area (SW * Old paper logbooks

Indian Ocean) * Self-reporting through IPMA provided scientific

* A complete trip is sampled (no boat hopping) electronic laghooks

* Fishing data (date, location, effort, bait, depth...) * Usually all specimens from major commercial

+ All specimens are identified, measured and sexed (if species are measured (or at least 20 fish of each
possible) species on each set)

* At haulback and fate (retained/discarded) status * Non-commercial and/or prohibited species are
(live/dead) is registered counted and release status registered

S itreporng

* Improve self-reporting which has significantly
decreased since shark fin cut ban by EU (fins
naturally attached)

o * Need to include 2014 data in the analysis: fleet is
2 expanding fishing area to the East (two major

g - areas)

% w acom * Need to increase area coverage

g

a

ot .
1588 1899 2600 2001 2002 2003 2604 2005 2006 2007 2006 2009 2010 2011 2012 2013

Year

. =
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A framework for
cost-efficient
sampling to
support stock :
assessment

005
L

.
== Norsk

é mﬁueqmsemral
T caaran o v

Catch at age

Example: Norwegian spring spawning herring

o

8 g

= mean

90% interval

(=]

g 4

o«

o

2 4

N

I II 5

o _...tI x e
T T T T T T T
4 6 8 10 12 14

ﬁ Age

-
=== Norsk

== Regnesentral

P o e ComRC G S

Acoustic survey indices of abundance at age

Example: Norwegian spring spawning herring

Year
-_— 2009
go_ T
: J
£ L
1}
w -3
=
T
o o st T =TT

123 4 58678249 1 13 15 17

Age A norsk
& == Regnesentral

Statistical model: process

The model in Aanes et al. 2007 with 3 adjustments:

Nuiyu =Noyexpl-Z,,) for au,<aSA1<ys<y

Mortality:

= 1) In Aanes et al 2007: a stochastic process
Zuy ? +MW\“HI Here: = 0.2 for fair comparison with XSA

fishing natural

The fishing maortality is modelled as a stochastic process:

log(F, ) =(f, +e W W_,
\.1d ~ N(O, 05, )

2) In Aanes et al 2007: Random walk
Here: 1. order AR process
improves refrospective bias in estimates

e, =a+fle,, +k
iid ~ N(0.0})

A&

Statistical model: Observations

Catch at age in numbers

N, (i-exacr,, -, jexp (€45

' Loz

e ~mvi (0,27 Variability

- F,
B
“ T E M,

Index of abundance at age:

i, =q N exple!ly«for  al) <a<aA 1<y <y

y

07, £ = 71, L. the
sssumedio be ID, and &
Is 1aken a5 inpu

D~MvN (0,5) e—

Notice:
The observation model is an integrated part of the statistical model; not in XSA

&

Assessment model output used
for quota advice

Spawning stock biomass

e
g
3|
a
=
8
21
2
=
2
A
s
81
2
2
Blm
&
| g~
ﬁ 1990 1995 2000 2005 2010 zm-I——.‘"‘_ gg;;';m”_,
Year g S
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Uncertainty in output depend on uncertainty in input

Precision in output; RSE in current mature abundance
02

Work in progress by
Aanes and Velstad

vz

Precision in inpul: RSE survey
o

0z

RSE: Relalive slandard error

ﬁ Precisioninirpu: RSE catch

00

StoX

Open source software hosting various types of survey
estimation programs.

= Fishery independent surveys

=
= Acoustic 7
= Trawl surveys \‘U. e
. <
= Fishery dependent surveys "'fl'.;&. .
= Catchat age e Sy

..
User friendly interface and an interactive GIS module
Fully documented: Reproducible estimates

Batch mode, linking Java with external R libraries

Framework for estimating
catch at age: ECA

Model-based (peer reviewed)

+ Design-based (in progress, cf WKPICS)
» Implemented for 11 species

» Routinely used for ~6 species

+ Currently allow for hierarchical sampling
(three levels)

.

[ Norsk
A (NRESiro I

Example: Norwegian spring spawning herring

» ECA
r Official ICES estimales

m

ictat g (mioeer)
150 m
[T

1w
R
——
ey
—

-
Norsk
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ICES CM 2013/J:08

Efficient statistical estimators and
subsampling strategies to quantify
the age composition of fish

Sondre Aanes (Norwegian Computing Center)
Jon Helge Valstad (Institute of Marine Research)

-
[=== norsk
ﬁ m—_:.? Regnesentral

Focus of this talk

+ Estimation methods;
— Age-Length-Keys (ALK);
~ Design-basad estimators for multistage cluster sampling

Assessing common subsampling practices
— Random versus systermnalic {length-stratified)

.

Assessing common praclices in the use of ALKs
= Assuming ALK without sampling error
— Borrowing ALK

+ Our analyses are based on exlensive empirical data on NEA cod from
scientific surveys and calch sampling programs

Simulations that creales "realislic” population dala on numbers al age
are used to assess properties of estimators

Approach 1: ALK

Appears as the most common method in practice;
The proportion at age kp,(c""' is estimated by applying the proportion of age k at
length j, q;; (the ALK), on the length distribution pf'(:,j =1,.., L through

L

bR

We estimate the ALK based on standard sampling theory. ForPSUs i = 1,....n

ZWUW for 2 different weights s, —{M“:‘W"‘f’y' #1n langth cat f {ratiato'st

= W, | Unweighted
And similarly, the length distribution is estimated by
Zwxl! M, #inPSU i (ratio to size)
1 Unweighted

for 2 different weightsv, =
z
Proorion in length cetagory | ai PSUraw ststion / |

8

Approach 2: Design based approach

The proportion at age k, p,E“JK is estimated by

| Zmbi
- zk

M, #in PSU i (ratio to size)

for 2 different weights W;z{ | Unweighted

Estimator for p},’f} is derived using the general stratified estimator

oo i
s My M
P =W xRy pl %G,
S m NG

# of fish in -cat ) in the subsamplem, m.ﬁ..,edr?.@h from I -u\m n the sub-sample m|| 2ss/gred to age class k
PSUt

# of fiah subaampiedfor age frem the m fish in length
category / for PSU L

| satal # of fish subsampied and measured for length fram &,

é Notice: The Design based approach is the ALK applied within cluster and may
bbe shown to be equivalent to the ALK approach provided the estimators are

weighted according to size (ratio i size)

Data: Bottom trawl survey 1991

Age distribution cod; Winter survey 1991

B 0B weigited
| B DB wwegrted
< T Unwerghted ALK and L
2 | k
B
] -
g o
§
€
B v
€ 3
B
8. Ll | [ - —
<
v 2 3 4 5 6 T 8 9 10
Age
Figure 2. Estmated age distibution of NEA c by Wnree diftersot
ﬁ estimators, sed estmator ulhzng samiing 3 stimator weghing PSU's
equally (OB . e ALK appeozen wh ALK Is estmated gving PSUs equal weight appiied an the

Eghied), e
unweignied lengtn distribuban unweignied ALK and L).

-71 -




Froportion

Choice of estimators makes a difference

Age distribution of cod, winter survey 1991

— DB weghied
DB umaeiahied
Uweigiied ALK and L

Why the big difference between weighted and

unweighted estimators?
Small
catches i * =041, 85%CK(0601,0.282)
) .
alder fish o T
" " .
. . .
wd 0w Wb .
g ¢ . .
& = i . .
g - ., .
£ .
z oy e T
o o
N e d
. PR
* e ...': .r. A
<l a0 e ® eg® .
L T T T
n = 50 100 200 S0 taoo

Large
catches,
younger fish

Effect of # PSUs on precision in age-composition

IR TR T

o - ons
¥
S e -
fqe 4 Age s
M. g 2]
. - o
s sams o8
B g5l b

e

ey

Assessing effects of subsampling for age
on the precision of age-compositions

+ Subsampling
— Resample from 1 to 10 ages within each 5-cm length
category (scientific survey data)

— Random subsampling from 1 to 100 ages ( length-age

sampling in commercial fisheries)

« Compare random subsampling with length-stratified

subsampling

— Use data from commercial catches in 2000 where all fish
sampled for length (100) in each PSU were also sampled for

age
— Compare random and length-stratified sampling by
simulations (resampling)

Subsampling of ages within 5cm length categories, sclentific survey
precision (RSE) versus subsample size (1-10)

a0 01 97 03 e 90 01 82 03 04

W 01 07 03 o

Aget

a2

T
tracssrEem
g bt

age

Random subsampling of # ages, commercial catch sampling
precision versus subsample size

comme elal catches cod 3000 We ghted estiraiora
"

:
tevetendd B 43
Simuieted e Teaaand S iduia
length stratified i #aaan o kol
sempling, 1-10 "
ages per 5cm S o Ea
length class s il
LN ¥ 39

B b2 a4 ae s

P 30w om o PRI )
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Effect of borrowing an ALK for imputations

sty PRt
8 W Gare 84 - (e
3 S| B B
5 B R
S g
H g o
1 3 6§ 7 & 9 W45 0 T 25 05 ®5 M5 ©F @5
o S
ALK: Plage length) Age distributions
§ s
i3
i f

@ikl (oo s conal. | b serkes by wokn pets. The ALK

v,

> oy e A
O scprcazh Trare ot 2 P s anrped fem ciral 21 15 PEle bam e, s

brgre

» The estimates differ
» Which estimator yields the most
accurate estimates?

— Accuracy = the degree of closeness of an
estimate to the quantity's actual (true)
value

— Determined by precision and bias

Goodness of fil

- - Estimator:
Evaluating estimators .
PHEAKE W b ﬂ H: ALK
borowed
i L j from year
« Look at accuracy (how close are estimates to the true FRECHSEN ig ] I betoe
age-compositions) R fies ‘—ﬂ i
+ Based on 200 replicates (surveys) of a synthethic
population ("the truth”) we consider the statistics: I [I:] | \
) L ( p, —p.): ALKUW e D] # ALK and
- Goodness of fit:  F =z(— - ™~ Dareino
= P DB }D T /v applied 1o
¥ (ﬁ - )7, ﬂﬂ!lﬂn!‘{
- How close are the estimates of aga-distibutions to the "truth” F= ;‘ = anal e R [ | :I ...... i, / et
« Coverage: ! age-data
— Does estimated 95% CL of proportions at age include the true Y T . 020
value? F
Figure 11. Distribuian of the goodness of It stalidie (F) for diflerent estimator and Eooraaches fitted 1o 200 realizations om 3 s mulsted
ﬁ jan, The esbmatars are 1} the weghted design based estimator (DB W}, 2) the unwegited des-gn based estimatar (BB U, 3) the
ted ALK agpiied on the unweghted estimate of the lengsh distibuion (ALK UW), 4) estmating ALK using the weighted estimator
f ind @pgly (ton ihe wesghied estimate of the lengin distsbution, 5) as 4) but unweighied estimates of ALK and length distriution, &) as
4] sing the Al i 51999 data_and 7} 25 5 but using the ALK estimated usng the 1999 dat
Effect of additional length samples Effect of additional length samples
& - = Allages ard lengths frem 1062 PSUs with age 2 o — Allages and kengths om 102 PSUs with age
~— 1age per l-cat ard alllengths irom 102 PSUs with ages
e =]
£ o £
ﬂE a7 % a7
E 2
i 2
H H
& T T T T T T T T T £ T T T T T T T T T T
5 3 a 10 1 2 4 5 10
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Effect of additional length samples

Effect of additional length samples

& H — Allages and lengths from 162 PSUs with age & o = Allages and lengths from 102 PSUs with aga
—— 7 age per bcal and allngihe rom 102 PSUS wilh ages —— 1 age per cat ard allbrgIng fiom 102 PSUs with ages
2 I ol all kengthe fi 5101 PSUs 2 I nd alllengths from 51 of PSU
S e 2230 ot <atand bl fhom 81 1 PSUs + romanvg longihs
3 £
z E
2 T T T T T T T T T T Z T T T T T T T T T T
151 = w0 L w0 ™ (2t " s w0 @m ™ i
e ﬁ Age
Effect of additional length samples
Some conclusions
3 | — Aliages anc lengins srom 102 PSUs win
1 age por koat and alllergits irom 102 PSU wilh ages .
2 oo cos ok o e o1 o Pl + cemaringerghd + The performance of the ALK method and design based
All ages and lengths from 102 PSUs with age + 136 addilional PSU witlength estimators are similar when propeﬂy Weighted
e « Variance in proportions-at-age is driven by sample size of
5 PSUs
g — No need fo estimate variance in secondary and lower sampling
§ <1 stages
H — Subampling 1 otolith per 6 cm length category is sufficient for NEA
& cod
| + Applying ALK within PSUs (design-based estimator) is
preferable:
— Supports the estimation of precision in propartions and numbers at age
S 4 — Allows for study of spatlial variation of age distribution and model-based
T T T T T T T T T T estimation (whereas standard ALK practice does not}
3 8 ] . . . " . .
Mo e o e e T da + The borrowing of ALK for imputations most likely cause bias in
s ﬁ age-composition

END—Questions?

“An investigator who gives serious attention to
the numerous types of systematic error which
may enter into his procedures for sampling fish
populations may at times tend to forget that
even his best efforts will not make the result
anything better than a good sample, subject to
sampling error.”

FRicker, W. E. (1845). Some applications of statistical methods to
ffif‘ﬂfyﬂfﬂﬂfﬁﬂ?.‘: Biometrics Bulietin 1, 73-79.

' | NoRA Fatsnss

-74 -




P11

GesPe/PNAB Workshop on Sampling Design and Optimization (WKsDO) /™ . P}
17-20 November 2014, IPMA, Lisbon - PORTUGAL €

INTRODUCTION

Stock
= Atlantic Iberian sardine - single stock;
= Distribution area - ICES Divs. Vilic+Ixa.
=Study case Sardine -
Sampling for growth parameters estimation Fishing fleet
3 é * Purse seiners (99% of landings): Portugal — 144; Spain — 332.
(Sampling scheme; ALK’s construction; Problems)
Fishery data
Eduardo Soares = Having reached a maximum around 250 thousand tons/year {1961), catches
sharply decreased since the middle eighties due to successive low recruitment years.
IPMA 60% abundance decrease in the last 10 years and since 2011 landings dropped from

about 72 thousand tons to around 41 thousand tons in 2013 (the lowest within the
historic series since 1954), raising serious concern for the resource sustainability.

INTRODUCTION

SAMPLING SCHEME ocPa

Landi .
g pling progl
Management measures * Program: PNAB — Programa Nacional de Amostragem Bioldgica (National
* Fishery management measures since 1998 (PT and SP): limitation of fishing boats in Biological Sampling Program)
Acsivity; TAG) catchiban periods, * Two stage stratified sampling program
e . . + landing harbours (Matosinhos, Pévoa-de-Varzim, Peniche, Olhdo,
2014 exceeded!). RartimGo);

* Periodicity: quarterly;
* Fish samples;
« Otolith collection (from 10 individuals in each length class).

Resource dynamics

= High variability of stock abundance - environmental factors direct influence on
annual recruitments;

Additional specimens sampling

= Research surveys at sea.

Analysis of 2012 and 2013 age data /»’-‘} Analysis of 2012 and 2013 age data
Samples data
2012 2013
wa Month . Month
32 3| s ' 516 37 8 5 nl U1 1] 21 3lalslslal®]|olwml
Minimum Length | 16.0 165 165 175 1B5 18.5 145 1BS 18.1 Winimum Length | 18.5 153 160 171 181 185 17.8 200 160 55
North | Maximurm Length [ 22.6 231 08 242 228 223 224 234 242
164 110 85 153 161 64 133 147 186
157 13.7 165 175 176 183 192 173 141 162
231 234 229 28 N4 236 240 231 240 225
180 176 98 155 146 137 73 142 238 2
153 155 170 165 170 170 15.6 162
28 24 23 N2 210 203 225 221
185 187 165 146 64 &3 166 9%
153 137 165 165 165 170 170 145 141 162 18.5| 13.7]
Mmlmumul._m 231 234 231 228 242 236 240 B.1 240 242 23.0] 242
N Otoliths 529 363 208 405 445 362 200 275 551 224] 3928
s s
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Proportions-at-age, standard errors and CV's from
age-length keys by year (assuming a two-stage
random sampling design of data).
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Age distribution

000 020

Analysis of 2012 and 2013 age data
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Analysis of 2013 age data by quarter

2013 - Age groups distribution by quarter
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quarter (assuming a two-stage random sampling design of data)
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Analysis of 2013 age data by quarter r~achP

2013 - Proportions-at-age, standard errors and CV's from age-length keys by

CENTRE SOUTH
1
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Study case Sardine

Questions/Problems:

« Stratified sampling design (landing port, quarter) should be
maintained?

- Optimum Sample size to reach with a precision XXX with an
error level,

North South
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2013 - Proportions-at-age, standard errors and CV’s from age-length keys
by area ( ing a two-stage rand pling design of data).
North Centre South
Prop  SE OV Prop  SE Q¥ Prop  SE o

A0 0.0482 0.0054 0.2160 40 0.0877 0.0072 0.0807 40 0.0448 00055 0.1221

4103216 0.0119 0.0365% 102423 0,0107 0.0441 A10.2803 0.0118 0.0422

AZ 02741 00113 0.0414 4202371 0.0108 0.0439 AL 0.1983 00105 0.0529

A% 0.1534 0.0092 0.0557 A%0.1804 0.0092 0.0516 A40.2142 00108 0.0504

A2 0.1284 0.0085 0.0863 44 0.1070 0.0077 0.0723 4400771 0.0070 0.0911

a5 0.0398 0.0050 0.1253 A 0.0660 0,0062 0.0944 40,0923 0.0076 0.0829

Ah 00122 0.0028 0.2300 Ah 0.0386 0.0048 0.1251 A5 0.0475 0.0056 0.1182

A7 0.0083 0.0023 0.2752 AT 0.0162 0.0032 0.1970 A7 0.0296 0.0045 0.1515

Ax 0.0064 0.0020 0.3168 Ax0.0106 0.0026 0.2448 4% 0.0138 00031 0.2269

A% 00030 0.0074 02676 43 0,0025 0.0013 0.5036 A20.0021 0.0012 0.5845

A10 0.0005 0.0007 1.0604 A1D 0.0006 0.0005 1.0027

2 16

Study case Sardine

References

R Software v 3.1.1 (R F for Comg
Platform) 2014: packages ("'agricolae”); ("ALKr"); ("fishmethods™).
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Study case - Hake

Sampling for maturity estimation
(Sampling scheme; maturity ogives conslruction; sex ratio; problems)

Ana Costa, Cristina Nunes and J, Pereira

Workshop on Sampling Design and Optimization
(WKSDO)

17-20 November 2014, IPMA, Lisbon- PORTUGAL
| — £1

aipma

P’ SAMPLING SCHEME FOR MATURITY OGIVE ESTIMATION

Microscopic maturity ogive

« Program PNAB/DCF

« Sampling for microscopic maturity ogive (gonads collected for histology) -
since 2006

* December to May (spawning season}

- Landing ports: Pévoa do Varzim, Matosinhos, Peniche and Olhdo

« Two samplings per month (every 15 days)

+ 4 gonads (males and females) per length class, per sex, per month

DIFFERENCES BETWEEN MALES AND FEMALES

* Sex ratio:
Varies with length

6 -
RNBLSYDREBRRPLRE
Length fem)

OFemales DMales

A

"=

»"[m Q SAMPLING SCHEME FOR MATURITY OGIVE ESTIMATION

Macroscopic maturity ogive

- Program PNAB/DCF
- Research surveys
= Winter surveys (February/March) - 1992 to 1998 + 2005 to 2009

« Summer surveys (JunefJuly) - 1990 to 1993 + 1897 to 2002

= Autumn surveys (October/November) - 1990 to present

«All individuals are sexed and the macroscopic maturity stage is assigned

a;gg\
phee

SAMPLING CONSTRAINTS

» If sampling during autumn demersal surveys:

.

(-) out of the main spawning season

(-} increased probability of macroscopic misidentification of
immature/resting individuals (no microscopic validation)

+ (+) larger range of sizes sampled

.

fal e

> If pling from

= (-} difficult to obtain non eviscerated fish

= () smaller individuals (<27 cm} unavailable (with the consequent
limitations for the logistic model fitting)

+ (-} size distribution of lhe fish landed depending on the gear used
(different selectivity}

* (+) possible o do it during the main spawning season

aipma
P .\
NGE

* Maturity:
Males mature earlier than females

DIFFERENCES BETWEEN MALES AND FEMALES

1 =m 206
neTme noTa
on. an-
g
H !
H H
i i
o o
S et oo ey
—— Famals
—— Males
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DIFFERENCES BETWEEN MALES AND FEMALES

« Growth;
Females grow faster than males

Tata tengh (cm)
Grunthincrement (3]

© 100 20 WO @0 S0 6aD 0
Tiin n

Ag (ysars]
(Bey of Biscay, de Pontusl et af, 2006) (Tapging experment - Gub of Lions,
Mallon-Duval et ai., 2009)

Dipezza

s

‘QUESTIONS RAISED

>Autumn demersal surveys vs commercial fleet samples?

Belter have size frequency distribution limited samples during main spawning
season or more complete size frequency distribution samples out of the main
spawning season?

1% gptien; will the limiting size frequency distribution of the fish sampled
from the commercial fleet no longer be an issue with the "Landing
obligation™?

2 option: then maturity identification should be validated microscopically
1o avoid misidentification of the immature/resting fish

. = =
2007 i
an wn
" £ “
7)// i Ly=2560m Ly =30.7 cm
T e 7T =
Commercial samples Survey samples
{spawning season) {non-spawning season)
— e ||
EX) 2010 o
L Lo=B3am il Lg=307¢cm
T T T
L et
s

" ¢ w7 ¢
P " 25
/’
i Ly=256em 4 Le=181cm
T e s v e LR T
Macroscopic MO Microscopic MO
e 2010 ER
e "

Lumitn )
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Questions raised (cont.)

»Which period of the year 1o be sampled for maturity ogive?

Reproductive season is not fully acknowledged off Portuguese coast but at
present main reproductive season is considered lo last from Dec. 10 May

QUESTIONS RAISED
(cont.)

>Sex

Ideally, taking into account the biclogy of hake, assessment should
consider sex separaled ogives

If not possible, how 1o consider sampling in order to nol bias estimation of
sex combined length at first maturity?

« Consider the observed sex ratio per length class in the samples analysed?
+ Consider the sex ralio raised to the calches?
+ Always consider a 1:1 proportion of the sexes?




QUESTIONS RAISED
(cont.)

% Spatial and temporal variability?

~ Spatial: currently, available samples/data insufficient for a spatial stratification
analysis.

+ Temporal: is maturity ogive estimalion necessary annually?

s

Foses: R2+01118 R el b2
o a
o
i - 5 o
. 1 P
g o= r = Ewo| 3 e
13 s, ter b
ml i ;o o 5
i Cipg =~ = e ®
v a0 &

=0 ny
W w0 s w0 s mw s o TS were ims twer (S zon s ain s

Ly, time-serios from Portugal for females and males
separately

"NEXT STEP": ASSESSMENT

+ How to combine maturity ogives from Portuguese coast to maturity ogives
from Spanish coast {Southern stock) for inclusion in the assessment mode?

+ Evaluale the effect of spalialiemporal/sex ratio variations of the proportions
of mature fish at length in the output of the assessment model

[ —

QUESTIONS RAISED
(cont.)

> If maturily data for maturity ogives are obtained length stratified from
market:

+ Should samples keep an being obtained in a monthly frequency basis,
during the main reproduclive season?

- Sampling is adaptative with the purpose of fulfilling the goal of n individuals
per length class (~ALKs) during the main reproductive season?

=

/ Thank youl!

—
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