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Abstract

Quarterly discards per ICES Divisions estimates for the Spanish bottom otter trawl fleet
fishing in the Northeast Atlantic ICES Subareas VI, VII, VIl and IX are presented for Atlantic
mackerel (Scomber scombrus). Information was obtained by observers on board under DCF
discard sampling program carried out by the Spanish research institute IEO. Raising based
on effort (number of trips) was used to estimate discards in weight and number for the
most important fleets of Bottom Otter Trawlers. Discards age distributions are also
presented.

No trend is observed in discards volume only a great seasonality with higher discards
values generally in the 1st and 4th quarter in Subarea VI_VII, and in the 1° in Vllic and IXa
Divisions. Thus, discards are highly variable throughout the series, both in weight and in
number ranging from 30 to 4 580 tonnes per quarter and from 2 to 70 million fish. The
highest discard weights are in Divisions VIIj, VIlic and IXaN. 100% catches are discarded in
Sub-areas VI-VII.

Ages modes can, to some extent, be followed from one quarter to the next, especially in
Divisions VllIc-IXaN, although the signal is not very strong.

Keywords: Mackerel, Discards, Northeast Atlantic waters, Bottom Otter Trawl.

1. Introduction

The “Spanish Discards Sampling Programme” was started in 1988. It does not cover every year because
its implementation has depended on funding from several national and European research projects,
which have not had an annual continuity. For this reason information is presented only since 2003:

Year Project
1988-1989 National project
1994 EC Project: Pem/93/005
1997 EC Project: 95/ 094
1999-2000 EC Project: 98/095
2001 EC Project: 99/063
2003-2014 | Data Collection Regulation Programme (Spain)

Spanish data on Atlantic mackerel discards have been provided to ICES WGWIDE in the past, but it was
aggregated by year till 2010 and by Northern and Southern regions for all available series (2003 to
2013).

The main objective of this working document is to present the Spanish Atlantic mackerel discards
estimates since 2003 by quarter and Division. Information on sampling discard strategy and discard
reasons is also presented.



2. Material and methods

The sampling strategy and the estimation methodology used in the “Spanish Discards Sampling
Programme” are similar since 1988, and are in accordance with the “Workshop on Discard Sampling
Methodology and Raising Procedures” guidelines (ICES, 2003). The observers-on-board programme is
based on a stratified random sampling design. Métier is the stratum and trips (the sampling units) are
randomly selected for sampling within métiers. Until 2009 the DCR asked for annual estimates and,
hence, sampling was organised so as to obtain annual results.

The differences between the discards estimates presented here and those previously presented to the
ICES WGWIDE are that now estimates are presented by quarter (instead of annually) and by ICES
Divisions. The raising is done based on quarterly effort per métier. Total fleet discard per division are
estimations from the total métier discard raising to the effort in each Division. This is because there are
Division with no discard sampling per quarter.

Only the trawl fleet is considered for this species from the Spanish Discards Sampling Programme. This is
because previous observations carried out on long line vessels showed low discarding levels for this
species and area (Pérez et al., 1996). No information is available for gillnet in Sub-areas VI-VII, but
discards of Atlantic mackerel in this gear are considered low. Information from the IXaS subdivision is
available, but discarded weight is only presented because the samples are very irregular and sampled
period shorter.

For discards sampling purposes, two métiers (Castro et al., 2012) are considered within the Spanish
trawl fleet operating in the ICES Sub-areas VI and VII, taking into account fishing area, gear and target:
One métier OTB_DEF 100-119 0 0 to target mainly hake (Merluccius merluccius) and anglerfish
(Lophius piscatorius and L. budegassa) and the other one métier OTB_DEF_70-99 0 0 targeting
megrims (Lepidorhombus whiffiagonis and L. boscii) and anglerfish. It was not possible sampled métier
OTB_DEF_100-119 0_0 in 2013 so; discard in the métier OTB_DEF_70-99_0_0 was raised to the both
métiers efforts.

Three métiers are considered (Punzén et al., 2010) within the Spanish trawl fleet operating in the ICES
Sub-areas VIII and I[Xa, Northern Spanish coastal bottom otter trawl fleet: One métier
OTB_DEF_>=55_0_0 targeting a variety of demersal species in ICES Divisions Vllic and IXa-North, other
coastal bottom otter trawl fleet but with higher vertical open gear OTB_MPD_>=55_0_0 targeting horse
mackerel (Trachurus trachurus) and/or Atlantic mackerel and a Pair trawler fleet PTB_MPD >=55 0 0
targeting blue whiting (Micromesistius poutassou) and/or hake and/or Atlantic mackerel. Results here
are showed for the entire trawl fleet, with metiers combined. Indices are presented for all period and
per métier.

For each trip sampled, several hauls are, in turn, sampled as follows. A random sample of discarded
species is selected. Atlantic mackerel in the discards sample is measured for length and the weight is
calculated using a length/weight relationship (Dorel, 1986; Cull et al., 1989; Pereda and Pérez, 1995).
The resulting Atlantic mackerel weight in the discards sample is raised to haul level according to the
total discarded weight of the haul and the proportion of Atlantic mackerel in the sample. Haul-raised
data are further raised to trip level taking into account the total number of hauls in the trip. Trip-raised
weight and length values are subsequently raised to quarterly métier level using the number of trips per
métier. Total discard per division are estimated raising the métiers values to total division effort
(logbooks values since 2012). Effort per divisions, in years previous to 2012, where information
disaggregated per division were not available, was estimated with the proportion of number of trip on
division logbook effort, to obtain effort estimates for the fleet.



3. Results

Sampling during 1988 to 2000 was not systematic, thus information are not used for assessment. The
sampling level varies depending on the year (Table 1). The information can be considered representative
of the discard behaviour of the whole Spanish trawl fishery exploiting the Atlantic mackerel stock.

Discard estimates by ICES Division and quarter are shown in weight and number in Table 2 and Figure 1-
2, and per year in Figure 3. Sub-areas VI_VII show high variability along the series, with low discard in
years 2005, 2009 and in 2013 (Figure 3). The discard rate does not explain this decrease because 100%
of catches are always discarded. Observer on board indices (kg caught per haul) could explain the
decrease in 2005 and 2009 (Figure 4). However, the strong effort reduction in 2012 and 2013 period
could be the mayor reason for the discard observed decrease in 2013 (Figure 5).

Divisions Vllic and IXa show two extremely high discard values in 2006 and 2010 (Figure 3) with a sharp
drop in the middle. In these both years the three métiers operating in the area present high catch
indices (kg caught per haul) in some of the both years (Figure 6). The behaviour patterns of catch indices
are highly variable depending on the métier analyzed (Figure 6). Only the OTB_DEF_>=55_0_0 métier
shows a gradually decrees in abundance indices since 2004-2006, due probably the specialization of this
métiers in high value species as hake, megrims or anglerfishes (Santos et al, 2012). Both métiers
(OTB_MPD >=55 0 0 and PTB_MPD >=55 0_0) show an increasing trend in catch per haul along the
series. The discard rates also vary widely in the zone (Figure 7) but no patter is observed. No effort
strong reduction in the period is observed (Figure 8).

Observer on board catch and discard indices (kg per haul) for all métiers show, in general, a gradually
increase throughout the series but especially in recent years (Figure 9).

Figures 10 and 11 show the quarterly age composition of the discards. Discards are concentrated in
Divisions VIIj, Vlllc and IXaN, what are the areas with the greatest effort of the fleet. Modes can, to
some extent, be followed from one quarter to the next, especially in Vilic and IXa divisions, although the
signal is not very strong. High recruitment is observed at age 0 in 2005 in Division Vllic, which can be
followed, moderately well, throughout the series.
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Table 1. Quarterly discard sampling level. Haul observation on board.

Year  Quarter Via VIib Vilb Viic Vilg VIilh VIlj VIIk Vllic IXaN IXaS

2003 1
2 18 5 64 20 36 29
3 6 87 37 24
4 3 147 19 30 11

2004 1 30 48 12 41 8
2 4 123 3 39 9
3 19 20 13 7 30 10
4 26 90 34 6

2005 1 33 38 46 31 5
2 11 5 5 30 52 2 57 10 20
3 21 67 63 17 1
4 4 7 52 9 33 11

2006 1 2 27 69 10 40 19
2 4 20 45 61 15 40 20 9
3 22 46 41 52 23 20
4 14 14 7

2007 1 1 5 65 11 43 4
2 27 14 41 17 54 12 12
3 30 34 2 34 33 16
4 22 16 75 8 47 29

2008 1 32 71 14
2 9 24 5 29 46 5 56 32 3
3 32 11 24 11 60 7 49 46 15
4 1 27 89 14 38 23

2009 1 60 29 46 16 2
2 20 48 17 43 26 69 32 6
3 14 2 5 105 4 81 28 9
4 59 16 10 57 36 12

2010 1 11 29 24 27 14 2
2 6 1 91 13 118 15 10
3 57 10 71 19 10
4 15 2 1 9 23 59 14 8

2011 1 18 46 10 74 13 5
2 9 60 91 6 11
3 92 103 12 12
4 11 10 20 9 8 88 7 5

2012 1 5 17 88 14 83 15 7
2 18 4 81 100 18 16
3 34 75 23 8
4 7 28 38 6 45 17 9

2013 1 1 41 62 69 5 6
2 8 93 114 22 12
3 10 9 4 2 8 1 56 9 8
4 14 22 40 1 41 8 7



Table 2. Atlantic mackerel quarterly discard estimates in weight (tonnes) derived from the total discard
number for the Spanish trawl fishery operating in Sub-areas VI-VII-VIIl and |Xa per Divisions, according to
weight/length relationship.

Year Quarter Vla VIb VIIb Viic Vilg VIh VIj  VIlk Vlilic IXa IXaS

2003 1 0 0 1 4 1 20 57 1 0 0
2 0 3 0 10 5 17 43 5 305 170
3 0 3 1 4 0 5 24 3 34 19
4 0 0 1 2 2 8 25 1 1 1
2004 1 0 4 8 110 44 261 838 59 439 396
2 10 94 50 210 159 328 902 91 23 23
3 0 0 0 0 0 0 0 0 17 17
4 0 37 48 111 63 179 617 54 6 5
2005 1 0 9 26 72 22 78 380 34 86 25
2 0 2 1 12 3 10 41 14 11 3
3 0 2 0 5 1 8 29 4 22 5
4 1 5 2 13 3 14 50 6 180 58
2006 1 0 7 271 73 53 6l 310 68 1614 1225
2 0 9 11 45 12 38 130 33 363 249
3 1 8 9 27 5 28 118 20 41 31
4 1 9 12 34 9 27 123 11 48 32
2007 1 0 28 106 194 37 203 934 62 26 22
2 1 5 7 23 4 15 79 12 32 26
3 0 1 0 3 0 2 11 2 21 16
4 0 2 2 7 3 4 26 3 8 5
2008 1 0 22 113 326 51 181 1089 166 28 17
2 0 4 5 19 5 9 52 15 11 7
3 0 2 3 11 5 10 36 5 3 2
4 1 1 8 12 4 6 38 5 3 2
2009 1 1 6 12 27 5 20 121 5 323 222 43
2 0 9 14 42 11 42 202 20 21 16 24
3 0 2 3 12 11 22 69 5 65 45 22
4 0 0 0 0 0 0 0 0 19 13 8
2010 1 0 0 0 9 0 118 1042 110 1793 873 4
2 25 24 2 39 0 162 823 63 957 685 190
3 0 0 0 0 0 1 11 1 11 5 26
4 0 3 0 3 0 3 313 33 32 54 25
2011 1 6 6 15 82 0 28 560 58 176 104 0
2 108 3 18 84 0 9 254 13 143 63 881
3 0 0 20 71 4 51 676 0 11 10 363
4 0 8 9 4 1 20 213 0 31 26 0
2012 1 0 0 0 26 0 184 2526 184 1777 47 26
2 0 0 0 25 0 25 625 75 64 23 136
3 0 0 0 2 0 2 58 6 240 40 553
4 0 0 1 0 0 0 62 5 22 2 154
2013 1 0 0 6 13 16 74 378 0 742 110 47
2 0 0 4 8 0 12 108 0 141 21 70
3 0 0 0 0 0 0 7 0 113 3 266
4 0 0 0 0 0 0 2 0 201 29 5




Figure 1. Atlantic mackerel quarterly discard estimates in weight (tonnes) for the Spanish trawl fishery in
ICES Sub-area.
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Figure 2. Atlantic mackerel quarterly discard estimates in number (thousands) for the Spanish trawl
fishery in ICES Sub-areas.

80000 -+

70000 -

60000 -

50000 -

40000 -

30000 -

20000 -

J\

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
—VIVIl s Vllic-IXa




Figure 3. Atlantic mackerel yearly discard estimates in weight (tonnes) for the Spanish trawl fishery in
ICES Sub-areas
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Figure 4. Observer on board indices (kg caught per haul) from métiers operated in Sub-areas VI_VII
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Figure 5. Effort in number of trips in Sub-areas VI_VII
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Figure 6. Catch indices, Total Catch per Haul (kg) in observed trips of OTB_DEF >=55 0 0,
OTB_MPD_>=55_0_0Oand PTB_MPD_>=55 0 0
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Figure 7. Discard rate (discard weight/catch weight) by métier in Divisions Vllic and IXa. 1994-2013
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Figure 9. Observer on board indices; kg caught/haul (points, on the left axis) and mean kg caught/haul
(line, on the right axis) from all métiers, upper figure and discard indices in lower.
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Figure 10. Quarterly age composition of Spanish trawl discards of Atlantic mackerel in ICES Sub-areas VI

and VII.
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Figure 11. Quarterly age composition of Spanish trawl discards of Atlantic mackerel in ICES Divisions
Vllic-IXaN.
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Introduction

The international mackerel and horse mackerel egg surveys take place every 3 years
and cover the spawning grounds in the NE Atlantic. It typically takes place between
January and July and aims to cover the entire spawning area from Cadiz in the south up
as far as NW Scotland in the north and since 2010, up to the waters around the Faroe
Islands and southeast of Iceland.

The surveys are divided into three geographical component areas, the western,
southern and the North Sea. In the western area, the mackerel egg survey has been
running continuously on a triennial basis since 1977 and since 1992 has also sampled
the southern spawning component. The egg survey in the North Sea has been running
since 1968.

The objective of the triennial surveys is to cover the entire spawning area in space and
time and produce both an index and a direct estimate of the biomass of the north east
Atlantic mackerel stock and an index for the southern and western horse mackerel
stocks. The results have been used in the assessment for mackerel since 1977. The
mackerel egg survey has been the only source of data providing fisheries independent
information for these stocks. The general method is to quantify the freshly spawned
eggs in the water column on the spawning grounds to estimate the spawning stock
biomass. To be able to establish a relationship between eggs and biomass of the
spawning stock, the fecundity of the females must also be determined.

The general methodology used to estimate the spawning stock biomass for NEA
Mackerel stock is the Annual egg Production Method (AEPM) (ICES, 1996).

Material and Methods

For the estimation of daily egg production by AEPM only the counts of stage | mackerel
eggs are used. To convert abundance of eggs into daily egg production data
(egg/m2/day) a rate of egg development is required. The rate of egg development
described by Lockwood et al. (1977) has been used for calculating daily production
stage | mackerel eggs on all surveys from 1977.



The rate of mackerel egg development was updated (ICES, 2013) according to the new
findings of Mendiola et al. (2006) in 2013 and has been used to recalculate the Total
Annual Egg Production (TAEP) for mackerel. In this new equation rate, the mackerel
eggs developed more rapidly at low temperatures than previous rate (Lockwood eq.).

In 2014 a depth review of the estimates and data collected from 1992 to 2013 by the
International Mackerel Egg Surveys has been carried out. Moreover over this revised
time series was applied the Mendiola rate of mackerel egg development instead of
Lockwood consistently across the whole time-series

The Total egg production for mackerel has been recalculated with the new egg
development equation. And using the realized fecundity data it has been estimated
the Spawning Stock Biomass for NEA mackerel stock.

This work shows the differences in the TAEP and SSB in the time-series between
reported values and the new update in the methodology (applying the Mendiola egg
development equation) over the revised Egg production database from 1992 to 2013.

Results

As a result of this exercise a new time-series of Total egg production and SSB was
produced. The main results using Mendiola mackerel egg development equation in the
temporal series are presented in Table 1 and Table 2. When these values are compared
with SSB and TAEP values that were published in the WGMEGGS Reports (ICES, 1993;
ICES, 1996; ICES, 2000; ICES, 2002; ICES, 2005; ICES, 2008; ICES, 2011; ICES, 2014)
(Table 3 & 4) a significant difference is observed (Figure 2). It should be noted that SSB
and TAEP values reported in the WGMEGS reports has been estimated using the
Lockwood egg development equation (Traditional methodology) with exception of
TAEP in 2013 that was used Mendiola egg development equation.

In general these differences were around 15 % for the TAEP and 12 % for SSB.
Although the estimates presented substantial changes and higher differences in 1992,
1995 and 2013.

The causes for bigger divergences in 1992, 1995 and 2013 were explained as:

- The 1992 reported TAEP estimate had not included the egg production from the
Southern area of the survey (ICES, 1993) so that was corrected to include those. In
addition, during 1992 egg survey was no covered the entire distribution area of
the mackerel eggs, as it was only sampled the standard survey area defined
previously.

- The 1995 survey had covered the whole distribution of the mackerel eggs because
it was adopted an adaptative sampling procedure but in the calculation of the
reported 1995 estimate only data from the standard area corresponding to that



used in 1992 were used (ICES, 1996). In this revised estimate were incorporated
data from the entire surveyed area.

- Finally, the 2013 data was revised substantially from the one presented by
WGMEGS 2014. The new estimate was based on a reallocation of some stations
from western area to survey periods according to the initial plan. In this case the
result was that these stations in the South and Western Bay of Biscay were moved
forward into period 2. One mayor reason for this revision was that in 2013 one
individual survey which was supposed exclusively to take place in the survey
period 3 started 4 days earlier in period 2 than what was planned. In itself this was
not unusual and WGMEGS had assessed the impact of removing such stations. In
the case of the period 3 survey stations that were out of period (22/3 - 26/3) the
daily egg production for these stations were very low so they were removed from
the analysis for the first calculation which had negligible impact on the overall
total annual egg production (0.12%). The aim was to avoid the disruption of the
overall survey plan for that period. With the overall revision of the egg production
data those production values were reallocated into their correct period by date
which in this case meant moving those forwards into period 2. The same stations
were also sampled by another survey earlier in period 2 which yielded very large
numbers of stage 1 mackerel eggs. By including the low density stations
(previously in period 3) to period 2 now an average is used which is significantly
reducing the DEP values for these previously high abundance stations leading to
an overall reduction of SSB compared to the previous estimate Figure 1.

Plotting results are shown in figures 2-5.
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TAEP 1992 1995 1998 2001 2004 2007 2010 2013
southern 3.67el4 2.26el4 5.61eld4 3.61eld 1.62eld 3.50eld 4.68eld4 6.76el4
western 2.22e15 2.04el5 1.57el5 1.34el5 1.37el5 1.50el5 1.93el5 2.14el5
combined 2.59el5 2.27el5 2.13el5 1.70el5 1.53el5 1.85el5 2.40el5 2.81el5

Table 1.- Results of TAEP by component and combined components using Mendiola
mackerel egg development equation across the whole temporal-series of the
International Mackerel Egg Surveys (1992-2013).

SSB 1992 1995 1998 2001 2004 2007 2010 2013

southern 5:54€5 45le5 1.04e6 4.73e5 3.63e5 7.50e5 9.45e5 121e6
western 335e6 339e6 338e6 280e6 280e6 3.22e6 3.89e6 3.82e6
combine 3.90e6 3.84e6 4.42e6 3.27e6 3.17e6 3.97e6 4.84e6 503e6

ol

Table 2.- Results of SSB by component and combined components using Mendiola
mackerel egg development equation across the whole temporal-series of the
International Mackerel Egg Surveys (1992-2013).

TAEP 1992 1995 1998 2001 2004 2007 2010 2013
southern - 1.69el14 4.34el4 2.83eld 1.20eld4 3.27eld4 4.25eld4 6.12 el4*

western 1.94el5 1.49el5 1.37el5 1.21el5 1.20el5 1.21el5 1.70el5 1.86el5*

combined - 1.66el5 1.80el5 1.49el15 1.32el5 1.54el5 2.13el5 2.47el5*

Table 3.- Results of reported mackerel egg production by WGMEGS from 1992 to 2013.
Egg productions were estimated using Lockwood egg development equation
(Traditional Methodology) with exception in 2013. * means that egg production was
estimated using Mendiola equation.

SSB 1992 1995 1998 2001 2004 2007 2010 2013
southern - 3.09e5 8.00e5 3.70e5 2.80e5 7.0l1e5 8.58e5 1.28e6*

western 293 eb6 247e6 295e6 253e6 247e6 295e6 3.43e6 4.29e6*

combined 2.93e6** 278e6 3.75e6 2.90e6 2.75e6 3.65e6 4.29e6 5.57e6*

Table 3.- Results of reported SSB by WGMEGS from 1992 to 2013. SSB were estimated
using Traditional Methodology (use Lockwood egg development equation). * means
that egg production was estimated using Mendiola equation.
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Figure 1.-. Comparison of the originally reported and revised mackerel egg production
curve for the Western area.
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Figure 2.-. Mackerel TAEP estimates derived from the mackerel egg surveys. The green
line represents the Annual egg Production for the mackerel reported by WGMEGS. The
blue line represents the recalculated egg production using Mendiola equation. It
should be noted that reported egg production in 2013 was estimated using Mendiola
equation.
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Figure 3.-. Mackerel SSB estimates derived from annual egg production for the
southern area only. The green line represents the reported estimates by WGMEGS until
2012. The red spot is the estimate given by WGMEGS for the updated advice. The blue
line represents the recalculate SSB using Mendiola egg development equation.
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Figure 4.-. Mackerel SSB estimates derived from annual egg production for the
western area only. The green line represents the reported estimates by WGMEGS until
2012. The red spot is the estimate given by WGMEGS for the updated advice. The blue

line represents the recalculate SSB using Mendiola egg development equation
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Figure 5.-. Mackerel SSB estimates derived from the mackerel egg surveys for the
combined survey area. The green line represents the reported estimates by WGMEGS
until 2012. The red spot is the estimate given by WGMEGS for the updated advice. The

blue line represents the recalculate SSB using Mendiola egg development equation.
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Introduction

The assessment of Norwegian spring-spawning herring is basically carried out using the
model, model configuration and data sources agreed upon during the last benchmark
assessment in 2008 (ICES, 2008). The assessment model used is the VPA population model
in TASACS (A Toolbox for Age-structured Stock Assessment using Catch and Survey data)
(ICES, 2013a).

The next benchmark assessment of Norwegian spring-spawning herring is planned to occur in
2016. A new assessment model candidate is SAM (State-space Stock Assessment) (Nielsen
and Berg, 2014). This model framework is currently used on many other herring stocks in the
ICES system (see e.g. ICES, 2013b). As opposed to TASACS, SAM is statistical model, see
Nielsen and Berg (2014) for more details.

In another working document for WGWIDE 2014 (Salthaug and Johnsen, 2014), it is
evaluated whether different time series of survey indices provide valid signals of trends in
abundance of Norwegian spring-spawning herring. The authors claim that the methods used
are more systematic and statistical compared to the methods that was used to exclude/include
survey data during the benchmark assessment in 2008.

The objectives of this work are:
e Explore the effect of using the survey data recommended by Salthaug and Johnsen
(2014) on stock assessments of Norwegian spawning-spawning herring.
e Compare the outcome of the presently used assessment model TASACS with the
possible takeover candidate SAM.



Methods

The following four assessment runs are carried out:

1. TASACS update; same settings and data as in the final assessment in 2013 (ICES,
2013a) with some minor exceptions: the 2013 indices from the Ecosystem survey in
the Barents Sea (age 0-2) are added to the survey data, and the 0-group time series
from the same survey is taken from the cruise report (Prokhorova, 2013).

2. TASACS new; almost the same settings and catch data as the final assessment in
2013, but the survey data used are those recommended in Salthaug and Johnsen (2014)
except that age 11 time series from the IESNS survey (“May survey”) is included.
Though this age was recommended excluded it was decided to use in the assessment
due to lack of other survey data for this age in recent years and since it almost passed
the inclusion criteria. The survey data used are given in Salthaug and Johnsen (2014).
Another difference is that the 2000 and 2001 year classes for which the N-values in
2012 were set to fixed in the update assessment are now set to be estimated by the
model.

3. SAM update; same input data as in Run 1. The configuration file is shown in
Appendix Al. The model was run on stockassessment.org, and the stock is available
for all users under the name “her_noss3”.

4. SAM_new; same input data as in Run 2. The configuration file is shown in Appendix
A2. The model was run on stockassessment.org, and the stock is available for all users
under the name “her_noss9”.

The acronyms in bold are used when describing the different runs below.

Results and discussion

Figure 1 shows the trend in spawning stock biomass (SSB) from the four assessment runs.
The trend is quite similar in the four runs but both in TASACS and SAM, inclusion of new
survey data leads to higher SSB over the entire time period. In 2013 the difference is about
2.5 million tonnes for TASACS and 1.6 million tonnes for SAM. It should also be noted that
SAM gives a higher SSB than TASACS in the period 2004-2009. Figure 2 shows the trend in
average fishing mortality from the four assessment runs. The trends are quite similar except
for TASACS_new which shows a large drop after 2009. The F-level differences correspond
(inversely) to the differences in SSB. The negative log likelihood value is 745.13 in
SAM_update and 1120.07 in SAM_new.

The stock summaries of the four assessment runs are shown in and tables 1-4 and figures 3-5.
The trend in recruitment is quite different in SAM and TASACS since a stock-recruit function
is used in SAM which restricts the amount of permitted change from one year to the next.



Residuals for the survey fleets in the assessment runs are shown in figures 6-9. TASACS new
has more large residuals than TASACS update. However, most indices which give rise to
large residuals in TASACS_new are excluded in TASACS_update. The residual plots look
more similar for the two SAM runs.

The retrospective plots from the assessment runs are shown in figures 10-12. They all
generally show a downward revision of SSB and an upward revision of F as more data years
are added. This revision is most systematic in TASACS. Figure 13 shows the average yearly
revision of SSB in the retrospective analyses. SSBs in the most recent years are revised more
in TASACS while the revision is largest in SAM in the first years. The revision in SAM is
more constant from year to year compared to TASACS. Inclusion of new survey data leads to
a stronger retrospective pattern in both assessment models.
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Table 1. Stock summary from TASACS_update.

Year Recruits’ TSB™ SSB™ F514
1988 26 3.42 200  0.730
1989 71 4.07 325  0.254
1990 109 4.61 3.82  0.452
1991 308 5.24 3.73  0.107
1992 367 6.28 3.81  0.114
1993 113 7.35 3.76  0.034
1994 39 8.40 3.89  0.184
1995 20 9.19 3.85  0.274
1996 59 9.27 432 0240
1997 34 9.16 553  0.305
1998 248 8.01 621  0.214
1999 169 9.09 632  0.259
2000 58 8.45 537 0332
2001 35 7.07 436  0.190
2002 367 7.49 3.82  0.220
2003 160 8.98 468  0.222
2004 277  10.82 581  0.326
2005 59 11.30 5.87  0.260
2006 66  12.13 6.08  0.250
2007 23 11.51 6.79  0.197
2008 15  11.27 731 0252
2009 43 10.37 820  0.289
2010 7 8.71 753  0.330
2011 25 7.06 633 0347
2012 14 6.09 542  0.276
2013 4.59

“age 0 in billions

“million tonnes



Table 2. Stock summary from TASACS_new.

* %

¥k

Year Recruits’ TSB SSB F514
1988 26 3.53 205  0.728
1989 80 4.22 335  0.253
1990 110 4.79 3.96 0.45
1991 345 5.48 3.88  0.106
1992 405 6.64 396  0.112
1993 129 7.87 3.94  0.033
1994 42 9.04 411  0.178
1995 13 9.96 406  0.261
1996 62  10.12 4.68  0.222
1997 41 10.15 6.15  0.274
1998 205 8.99 7.06  0.191
1999 214 9.85 732  0.227
2000 92 9.66 6.32  0.284
2001 51 8.26 5.26 0.16
2002 449 8.37 463  0.183
2003 181 10.46 524  0.183
2004 369  12.90 6.59  0.261
2005 69 13.66 6.92  0.191
2006 88  15.06 7.52  0.195
2007 20 14.38 851  0.156
2008 11  14.40 9.35  0.255
2009 76  13.57 10.82  0.358
2010 14 1165 10.10  0.159
2011 39 9.93 892  0.112
2012 23 9.00 7.94  0.107
2013 7.00

“age 0 in billions

“million tonnes



Table 3. Stock summary from SAM_update.

¥k

¥k

Year  Recruits’ TSB SSB F514
1988 59115280 1854267 1067681  0.722
1989 42372071 2505503 1657797  0.249
1990 90875410 2722334 1874776  0.229
1991 104845668 3239728 1841332  0.124
1992 116453196 3591211 2055439  0.122
1993 58527073 4652894 2641876  0.181
1994 71270995 5438425 2928497  0.245
1995 57771146 6550160 3090984  0.359
1996 105687798 7944576 3446949  0.341
1997 70844649 8948532 5168019  0.385
1998 120721887 8153844 6144083  0.301
1999 70632434 8580476 6465559  0.342
2000 89701675 6955199 4699657  0.432
2001 57196313 5891375 3555478  0.254
2002 159571076 6331198 3147125  0.295
2003 104218478 8227560 4164055  0.236
2004 111775170 10324187 6034479  0.238
2005 53919352 10929761 6382051 0.24
2006 78924322 12237310 6997056  0.221
2007 62708026 12916292 8368624  0.185
2008 25984220 12335601 8418986  0.274
2009 59709399 11285170 8841791  0.300
2010 37505570 8832953 7275332  0.347
2011 28459711 7481920 6199629  0.262
2012 50173623 6343873 5106373  0.167
2013 4690267

“age 0 in thousands

“thousand tonnes



Table 4. Stock summary from SAM_new.

¥k

Year  Recruits’ TSB SSB F514
1988 54898688 2280716 1383324  0.633
1989 45172543 2905163 2092772  0.217
1990 106111395 3060228 2251259  0.189
1991 106430208 3499043 2037023  0.106
1992 117036920 3867040 2331448  0.107
1993 60249209 5157693 3106477  0.197
1994 60128831 5974434 3409240  0.254
1995 29918872 7138406 3311792  0.385
1996 122301516 9351058 4184928  0.408
1997 80518699 10907923 6543613  0.424
1998 159252253 10262428 7897051  0.333
1999 96784750 10029086 7444604  0.337
2000 110884536 9002384 6052609  0.398
2001 37206722 7452052 4713777  0.239
2002 197846097 7889158 3945160  0.259
2003 113919202 10427947 5282975  0.202
2004 117623570 12981035 7787263  0.197
2005 62770765 13230033 7904952  0.197
2006 99334152 14665377 8753814  0.178
2007 73809647 16159198 10767038  0.148
2008 30219561 15510069 10799388  0.220
2009 85241588 14090340 11094943  0.254
2010 53543234 10617350 8692751  0.310
2011 34969961 9568624 7865526  0.220
2012 63401622 8170168 6550160  0.131
2013 6343873

" Age 0 in thousands

“Thousand tonnes



12

—=TASACS_update
- = TASACS_new
—SAM_update

10 ---SAM_new

SSB (million tonnes)
(o)}

4

2

0 ——r T T T T T T T T T T T T T T T T
00 O O - N OO T LN OO O A NN T N OO H aNmMm
W 00 O DDA O OO0 O O OO0 00 O o o o
A OO OO OO OO OO O OO OO0 000000 o o o
Y A AN AN AN AN AN NN NN NN

Figure 1. Comparison of SSB from TASACS and SAM using approximately the same survey data as in the final
ICES assessment from 2013 (TASACS_update and SAM_update) and using the survey data recommended by
Salthaug and Johnsen (2014) (TASACS_new and SAM_new).
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Figure 2. Comparison of mean F from TASACS and SAM using approximately the same survey data as in the
final ICES assessment from 2013 (TASACS_update and SAM_update) and using the survey data recommended
by Salthaug and Johnsen (2014) (TASACS_new and SAM_new).
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Figure 3. Stock summary of TASACS_update.
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Figure 4. Stock summary of TASACS_new.

10



SAM_update SAM_new

Recruits (age 0 in thousands) Recruits (age 0 in thousands)
g
X 2
B
- H
n S =
i 2,
g
\A/\/\/\/ A\
] g / /
g
\/ g /_/\ /\J’ |
o 8
S + 4
% & . .
8 1990 1995 2000 2005 2010
1930 1995 2000 2005 2010 Year
Year
F5-14 F5.14
«
. b
2
‘ o | |
° | s |
2 \ \
_f [ i \
i 3
= \ i
3
= o
2 2
1930 1995 2000 2005 2010 1990 1995 2000 2005 2010
Year Year
SSB (thousand tonnes) SSB (thousand tonnes)
g
g g
g g
g
2g| 2
w w
g | .
o 2
3
= o
1990 1995 2000 20‘05 20‘10 1990 1995 2000 2005 2010
Year Year
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Figure 6. Residuals for the surveys in TASACS_update. A red bubble shows that the observed value is higher
than the expected value.
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the expected value.
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Figure 10. Retrospective analysis of SSB, F and recruits using TASACS_update. SSB is in million tonnes and
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Figure 11. Retrospective analysis of SSB, F and recruits using TASACS_new. SSB is in million tonnes and
recruits in billions.
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Appendix

Al. The SAM-configuration file used in Run 3 (SAM_update).

# Hin Age (should not be modified unless data is modified accordingly)

# Hax Age (should not be modified unless data is modified accordingly)
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# of fishing mortality STATES

# Rows represent fleets.
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A2. The SAM-configuration file used in Run 4 (SAM_new).

# Min Age (should not be modified unless data is modified accordingly)

# Max Age (should not be modified unless data is modified accordingly)
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# first the number of years

# Then the actual years

# Them the model config lines years cols ages
# Define Fbar range
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Coupling of catchability PARAHETERS

Max Age considered a plus group {B=Ho, 1=Yes)

The following matrix describes the coupling
of fishing mortality STATES
Rows represent fleets.
Columns represent ages.

oDooooo @@

oo oDmm e

Stock recruitment model code (8=RW, 1=Ricker, 2=BH,

#

1

#

#

#

#

1

i}

i}

i}

i}

i}

i}

a

a

it

it

1

#

a 8 a a a a i)
a 8 a a 1 2 3
a 8 a 7 8 9 18
a <] a a a 15 16
a 21 22 23 a a i)
a <] a 24 25 26 27
a 33 34 35 a a i)
36 ] a a a a i)
a ] a a a a i)
# Coupling of power law model EXPONENTS {if used)
a a a a a a ]
a a a a a a ]
a a a a a a ]
a a a a a a a
a a a a a a a
i} 8 a a i} a 8
i} 8 a a i} a 8
i} 8 a a i} a 8
i} [} i} a i} a 8
# Coupling of fishing mortality RW UARIANCES

1 1 1 1 1 1 1
i} 8 a a i} a 8
i} 8 a a i} a 8
i} 8 a a i} a 8
i} 8 a a i} a 8
i} 8 a a i} a 8
i} 8 a a i} a 8
i} 8 a a i} a 8
a 8 a8 a8 a a8 ]
#t Coupling of log H RW UARIANCES

1 2 2 2 2 2 2
it Coupling of OBSERUATION UARIANCES

1 2 2 2 2 2 2
a 8 a a 4 4 4
a 8 a 5 ] ] ]
a 8 a a a 7 7
a 8 8 9 a a i)
a <] a 18 11 1 Lk
a 13 13 14 a a i)
15 ] a a a a i)
a ] a a a a i)
#

1

#

a

Use correlated random walks for the fishing mortalities
correlation estimated)

11
17

28

M [-N-N--N-N-N-N-N -

QQQ:GMGL‘N

20

[-N-N.-N.-§-N-N N

12
18

29

L] [-R-N--N-N-N-N-N-No]

QQQ::GNI&.ENI

... more in time}

Years in which catch data are to be scaled by an estimated parameter

RN NN N

[X] oo o Do -,

oo toNo N

n

[-N-N-N.-N-N-N-N- ]

N -z
=

L] [-R-N--N-N-N-N-N-No] [N -N-N-N-N-N] 55525

QQQ:GN‘&QM

-

[-N-N-N.-§-N-N N

N -z
=

L] [-R-N--N-N-N-N-N-No] [N -N-N-N-N-N] QQQ%Q

QQQ;GN‘&QM

=]

CR-N-N-N-N-N-N-R)

oo % oo

] R-N-F-N-N-N-N-E

oo ; D@ @ W

=

[-N-N-N.-§-N-N N

QQQ%QQGGG

L] [-R-N--N-N-N-N-N-No]

QQQ;GGGGW

Ll

LE-N-N-N-N-N-N-EY

NN % LE-N-N-N-]

L] LE-N-N-N-N-N NI

NN ; oo oo

Ll

[-N-N-N.-§-N-N N

QQQ%QQGGG

L] [-R-N--N-N-N-N-N-No]

QQQ;GGGGW



Working document for WGWIDE 2014

Validation of Norwegian spring-spawning herring surveys

Are Salthaug and Espen Johnsen
Institute of Marine Research, Bergen, Norway

Abstract

This work presents an objective method for evaluating whether abundance estimates from
different Norwegian spring-spawning herring surveys provide valid signals of trends in stock
abundance. The suggested criteria for valid signal in a survey-age time series are: (1) internal
consistency with ages before or after within cohorts and (2) external consistency with at least
one set of independent estimates of the same age group (from other surveys or VPA).
Compared with the conclusions drawn in the last benchmark assessment of Norwegian spring-
spawning herring in 2008, this work recommends to include more survey data in the stock
assessment models.

Introduction

No standardized objective criteria exist for selection of input data in stock assessments, and
the basis for inclusion or exclusion of available data in a particular assessment is often
difficult to find in retrospect (Payne et al., 2009). Inclusion of inappropriate data may mask
the underlying signal from other data sources, leading to more uncertain results. Moreover,
exclusion of appropriate data may also have costs in terms of increased uncertainty and/or
bias.

The last benchmark assessment of Norwegian spring-spawning herring was carried out in
2008 (ICES, 2008). Since then, five years with survey and catch information have been
added. As a preparation to the next benchmark, which is planned for 2016, the present study
aims to evaluate available survey abundance indices. In the 2008 assessment, survey indices
were evaluated using analyses of (1) consistency within and between surveys and (2) N-
values by year class for each survey as estimated with the VPA assessment model in the
TASACS toolbox. The decision to include or exclude ages from the different surveys in the
final assessment was mainly based on a subjective evaluation of the scatter plots showing
consistency within and between surveys and the belonging coefficients of determination for
fitted lines forced through the origin (ICES, 2008). Moreover, survey indices were also
excluded on the basis of visual inspections of the N-values plots mentioned above. Year
classes for which these curves showed a noisy pattern were excluded from the survey data.
The ages and year classes that were excluded in the final assessment in 2008 have also been
removed in later assessments.



As in the benchmark assessment in 2008, the present study uses consistency within and
between surveys as suggested selection criteria, but the approach is to establish a more
objective and systematic approach using Pearson and Spearman’s correlation coefficients to
validate the quality of survey time series. All available survey time series are examined,
however, if previous working groups have decided to exclude indices due to bad survey
coverage these were not included in the analyses.

Material and methods

Description of the surveys

Abundance estimates from nine herring surveys are analyzed. These surveys cover different
life stages, areas, time periods and different parts of the season. The surveys are here
categorized according to data structure, e.g. the survey with the official name International
ecosystem survey in the Nordic seas is viewed as two surveys since two independent sets of
age-disaggregated abundance indices are provided (one set from the Norwegian Sea and one
from the Barents Sea). Abbreviations that are used later in the analyses are given in brackets
after the survey name. The terms ‘working groups’ and ‘assessments’ refer to the ICES stock
assessments of Norwegian spring-spawning herring. The working group name was Working
group on northern pelagic and blue whiting fisheries (WGNPBW) before 2008 and Working
group of widely distributed stocks (WGWIDE) from 2008 onwards. All the time series used
in the analyses are given in the Appendix, and the exact sources are also given in the text.
Zero-values are not used and the reasons for this are stated below.

Norwegian acoustic survey on spawning grounds (Sg). This survey provides abundance
estimates by age at the spawning grounds during spawning. The shelf along the
Norwegian coast from Mgre to Vesteralen is covered, and the survey is carried out in
late February and early March. The survey started in 1988 and has not been carried out
since 2008. In some of the years in this period the survey was not conducted.
Estimates from the years 2006-2008 have not been used in assessments since the
spatial and/or temporal coverage was considered inadequate by the working group in
these years. Thus these years are excluded from the analyses. For unknown reasons,
the first years of the survey have not always been used in the assessments. These years
are used in the present analyses. The data are taken from ICES (2008).

Norwegian acoustic survey in wintering areas | (Winnov). This survey provides abundance
estimates by age at the wintering areas in November and December. During the period
from 1992, when the survey started, to 2002 the Norwegian fjords east of Lofoten
were covered. From 2003 onwards the herring started to winter in oceanic areas west
of Vesteralen, so the survey coverage was extended to these areas during the period
2003 to 2007. The survey has not been carried out from 2008 onwards. The working
group decided in 2008 to not use the years 2003-2007 in the assessment due to
possible incomplete coverage. These years are also excluded from the present analysis.
The data are taken from ICES (2008).



Norwegian acoustic survey in wintering areas Il (Winjan). This survey provides
abundance estimates by age at the wintering areas in January. The Norwegian fjords
east of Lofoten were covered. The survey was conducted in the period 1991-1999,
except in 1997 due to poor weather conditions. The data are taken from ICES (2008).

International acoustic survey in the Norwegian Sea | (Normay). This survey provides
abundance estimates by age at the feeding grounds in the Norwegian Sea in April-
June, but mainly in May. The eastern limit of the Norwegian Sea is here defined as 20°
East. The survey in its present form was started in 1996 and is still conducted
annually. The data are taken from ICES (2013).

International acoustic survey in the Barents Sea (Barmay). This survey provides
abundance estimates by age at the juvenile feeding area in the Barents Sea in April-
June, but mainly in May. The survey has been conducted from 1991 till present,
except in 2003 and 2004. The area covered in 2008 was considered inadequate by the
working group, so this year is excluded from the present analyses. The data are taken
from ICES (2013).

Joint Russian-Norwegian acoustic survey in the Barents Sea (Baraug). This survey
provides abundance estimates by age at the juvenile feeding area in the Barents Sea in
August-October. Age disaggregated herring data are available from 1999 onwards
except for 2002 when large amounts of 0-group herring prevented adequate sampling
and measurement of older fish. The data are taken from Prokhorova et al. (2013)
(Table 5.1.1).

International acoustic survey in the Norwegian Sea Il (Norjul). This survey provides
abundance estimates by age at the feeding grounds in the Norwegian Sea in July-
August. The survey in its present form was started in 2009. The herring indices from
this cruise have not been published elsewhere.

Joint Russian-Norwegian 0-group trawl survey in the Barents Sea (Ogroup). This survey
provides O-group indices from the juvenile feeding areas in the Barents Sea in August-
October. Indices are available from 1980 onwards. The data are taken from
Prokhorova et al. (2013) (Table 5.2.3.3).

Norwegian herring larvae survey on the Norwegian shelf (Larvae). This survey provides
indices of herring larvae abundance on the shelf along the Norwegian coast between
approximately 60°N and 71°N. The abundance of larvae is assumed to be an index of
spawning stock biomass. The survey is carried out in March-April and started in 1981.
The years 2003 and 2009 are excluded from the analysis due to probable inadequate
coverage (following the working group decision). The data are taken from ICES
(2013).

VPA

In order to obtain survey-independent estimates of abundance at age and spawning stock
biomass, a Virtual Population Analysis (VPA) was carried out using the Fisheries Library in
R (FLR) environment (Kell et al. 2007). More specifically, the VPA function in the FLAssess
package version 2.5.0 was used, with R version 2.15.3 and FLcore version 2.5.0. The only
input data in VPA is estimated catch at age, and these data can be found in the ICES (2013).
Since VPA is a cohort back-calculation method, the most recent years with estimates of
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numbers at age in the stock change when data from a new year is added, i.e. these recent
estimates are unstable. However, the estimates for a given year converge with time (number
of years passed to the last year with data). Thus, a convergence criterion can be used to decide
whether to exclude data from a given year. In this work years where selected for a given age
group if the estimates changed less than 10 % between the last data year (running VPA from
2012) and the year before (running VPA from 2011). VPA-based estimates of spawning stock
biomass were also calculated using the estimated mean weights in the stock and the maturity
ogive from ICES (2013), and the above mentioned convergence criterion was used for SSB as
well. The VPA estimates are given in the Appendix.

Internal consistency

If a survey picks up a strong year class, it is a good sign for the survey quality if the same year
class also turns out strong in following year’s survey. Internal consistency, also termed
within-survey correlation, is the strength of the relationship between the abundance estimates
for the same cohorts at consecutive ages. For theoretical reasons (see Payne et al., 2009), a
linear relationship between the natural logarithm of the abundance at subsequent ages is
expected. In this work, the time series with abundance estimates for a given survey and age
group is therefore evaluated by exploring the internal consistency with both the previous and
the following age. Both correlations mentioned below are calculated, and a survey-age time
series is deemed internally consistent if these correlations are significant for the age before or
the age after. Zero-values are not used in analysis due to the log-transformation.

External consistency

A measuring instrument, like a survey, can also be evaluated by checking whether measures
are related to independent measures of the same construct. This can be termed the degree of
external consistency. In this work, the two correlations mentioned below are calculated
between all available time series with abundance estimates for the same age group. A survey-
age time series is deemed externally consistent if significantly correlated with one or more
independent time series with abundance estimates of the same age group (from other surveys
or VPA). Zero-values are excluded since these provide little information and also lead to
artificially high correlations for the youngest and oldest age groups (due to many
corresponding zero-values).

Correlation analysis

Correlation refers to the degree of statistical relationship between two variables. The most
familiar measure is Pearson product-moment correlation coefficient which indicates the
degree of linear relationship. A problem with the Pearson correlation is that one extreme
outlier may lead to a statistically significant correlation even if all the other observations are
totally unrelated. This situation can be detected by also using Spearman’s rank correlation
which is non-parametric and thereby not affected by outliers. In this work we conclude that
two time series are related if both the Pearson and Spearman’s correlation coefficients are
significant at the 5 % level.



Results

All surveys, except Norjul, show a high degree of internal consistency between adjacent ages
of the same cohorts (Table 1). The youngest age groups are poorly related to adjacent ages in
the surveys designed to measure the adult part of the population (Sg, Winnov, Winjan,
Normay) while the surveys targeting juveniles (Barmay and Baraug) show high degree of
internal consistency for these age groups (Table 1). External consistencies for each age group
and SSB are shown in Tables 2-18. The O-group index time series from the Barents Sea
(BarO) is significantly (p<0.05) related to age 0 from VPA (Table 2). For ages 1-2 only
Barmay and Baraug are externally consistent, as both are significantly (p<0.05) related to
VPA. For age 3, Winnov, Normay, Barmay and Baraug are externally consistent as these are
significantly (p<0.05) related to one or more independent measures. For ages 4-9 all surveys
designed to measure these age groups are externally consistent, except Norjul. For age 10 and
older, various surveys start to lose external consistency. The larvae index of spawning stock
biomass (Larvae) is significantly (p<0.05) related to the VPA-based spawning stock biomass
estimate (Table 18). Results of the analyses of both internal and external consistency for all
surveys and ages are summarized in Table 19.

Figures 1-17 show mean standardized survey time series for each age group. These figures
only include time series with both internal and external consistency. In addition, the O-group
(BarO), SSB indices (Larvae), and age 15+ from Normay are included since it is not possible
to evaluate internal consistency for these. This also applies to age 12 and older in the Sg
survey, however, due to lack of internal consistency in ages 10-11 the older ages are ignored.
It was not possible to evaluate internal or external consistency for age 13 and older in Winnov
and Winjan so these were also ignored. The abundance trend signals are most conflicting for
ages 0-3 (Fig. 1-4), and the relationship between the SSB indices (Larvae) and the VPA based
SSB estimate looks noisy and not linear (Fig. 17).

Figure 18 shows the observations in the different survey datasets that were excluded/included
in the latest ICES stock assessment, together with the suggested inclusion/exclusion based on
the present analysis.

Discussion

Compared to the benchmark assessment in 2008 (ICES, 2008), the results from the present
work suggest including more survey-age time series in the assessment. This applies in
particular to the youngest age groups. Some of the older age groups that are presently used in
the assessment are also suggested deleted. The approach used in 2008 to exclude entire
cohorts from surveys was not investigated since this is rather uncommon in other ICES
assessments. In our opinion, deletion of observations should be based on good reasons. Poor
fit in an assessment model may be a reason to exclude entire surveys or ages from a survey,
but not single observations from these.



In this work we use more objective criteria for inclusion of survey data compared with the
benchmark assessment in 2008. Some of the same basic methods were also used in 2008, like
analyses of internal and external consistency but it is not clear how the results of these
analyses were used to make decisions of whether to exclude/exclude ages from surveys. The
use of internal and external consistency to evaluate the quality of surveys and assessments is
also used for other herring stocks (see e.g. Payne et al. 2009; Simmonds 2009). However,
some subjective evaluations are still required, e.g., whether to include survey-age components
for which it is not possible to estimate the degree of internal consistency, like the O-group and
SSB indices in this work. Exploratory runs with the chosen assessment model may aid in such
decisions, for example use the retrospective pattern to evaluate the quality of data sources
(Payne et al. 2009; Simmonds 2009). Another approach for evaluation of survey time series
would have been to explore the uncertainty within each survey and year. However, most of
the surveys are presently not designed to make uncertainty calculations possible.

Conclusion: include the following surveys and ages in the assessment of Norwegian spring-
spawning herring; Sg: ages 4-9, Winnov: ages 3-11, Winjan: ages 5-11, Normay: ages 3-10
and 12-15+, Barmay: ages 1-3, Baraug: ages 1-3, BarO and Larvae.
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Table 1. Internal consistency in the surveys. Pearson (r) and Sperman’s (rs) correlation coefficients of the same
cohorts at consecutive and adjacent ages. The natural logarithm of the abundance indices is used. If both
correlations are significant at the 5 % level the correlations are emboldened.

Age step 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 | 10-11 | 11-12 | 12-13 | 13-14
Sy r -0.85 | 041 0.87; 0.95: 0.98: 0.98: 0.97; 0.82 | 0.5
rs -0.80 | 040 | 1.00™ | 0.96™ | 1.00™ | 1.00™ | 1.00 050 | 0.20
Winnov LT -0.03 | -0.13 0.81*: 0.86‘: 0.95: 0.95: 0.97: 0.96: 0.97: 0.97: 0.96;
ro| 003 | -002 | 070" | 0.78" | 0.93™ | 0.857 | 0.93” | 0.95" | 0.997 | 1.00™ | 0.97
Winjan r 0.853* -0.43 | 0.90" 0.98*: 0.94: 0.96: 0.98*: 0.82" 0.89: 1.00;
rs 1.00 -0.26 | 071 | 083" | 0.947 | 1.00 0.89 0.77 | 090" | 1.00
Normay r 0.97** 0.13 0.66: 0.95: 0.95: 0.95: 0.86: 0.96: 0.90: 0.45:* 0.77: 0.67; 0.74i
rs | 1.00 001 | 070 | 0957 | 0.94™ | 095 | 0.88™ | 0.977 | 0.84™ | 0.69™ | 0.67™ | 0.90" | 0.77
Barmay r 0'82: 0'82:
r, | 0837 | 0.85
Baraug r 0'80:: 0'82:
ro | 0897 | 0.82
Norjul r 023 | 078 | 036 | 074 | 072 | 065 | 053 | 095 | 0.24 | 037 | 033 | 024
rs 040 | 060 | 040 | 020 | 060 | 040 | 040 | 080 | 0.20 | 040 | 050 | 032

“p<0.05, “p<0.01

Table 2. External consistency for age 0. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

BarO

r | 057

VPA -
rs | 0.78

"p<0.05, “p<0.01

Table 3. External consistency for age 1. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Winnov | Barmay | Baraug
r |-0.38 0.75 |0.94
VPA Ex3 Ex.3
rs | 0.00 0.80 1.00
. r -0.48 |-0.69
Winno
Inov = 2050 | -050
Barma r 0.47
s 0.50

"p<0.05, “p<0.01



Table 4. External consistency for age 2. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Barmay | Baraug | Norjul
vpa |1 012 [ 002 0.62 | 054 0.91: 0.90:
rs | -0.14 | 0.02 -1.00 | 0.19 0.89 0.83
Sq r 0.07 -0.54** 0.11 0.22
rs 0.80 -1.00 -0.37 -0.50
Winnov r 0.73 -0.22 0.79
Is 0.60 -0.22 0.50
. r -0.60
Winjan . 100~
Normay |- 046 |0.75 [0.79
rs -0.33 0.26 0.80
Barmay r 0.37* 0.26
rs 0.62 0.10
Baraug ' 042
rs 0.00

"p<0.05, “p<0.01

Table 5. External consistency for age 3. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg | Winnov | Winjan | Normay | Barmay | Baraug | Norjul
vpa |7 1039 0.89: -0.18 0.89: 0.64: 0.86"
rs | 0.56 | 0.88 024 |0.74 0.71 0.77
Sy r 0.37 016 |[-053 [-0.04
rs 0.10 -0.10 |-0.60 |[-0.20
Winnoy 1" -0.12 0.91:* 0.63*
I -0.07 | 1.00 0.83
o 0.02 0.64
Winjan = 050 | 037
Normay r 0.18 o.7o: 0.86
I 0.50 0.64° |0.80
Barmay r 0.56* 0.73
I 0.71° [0.40
r 0.98"
Baraug rs 0.90°

"p<0.05, "p<0.01



Table 6. External consistency for age 4. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
r 10971084 |0.89° |0.987
VPA EX.3 EX.3 EX.3 EE3
rs | 0.89" | 0.83 0.98 0.94
S r 0.78 0.78 0.99"
9 I 1007 | 100~ | 100~
. r 0.997 1095
W EE.3
ihnov: = 0.96~ | 0.60
. r 0.99
W B3
nan = 1.00
r 0.63
N
ormay I, 0.50

"p<0.05, “p<0.01

Table 7. External consistency for age 5. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
r 1095 0927 [0.98" [0.94”
VPA EE3 EE3 EE3 *x
rs| 0.96 | 0.89 0.88 0.96
S r 0.81 0.95 [0.96
9 I 083 077 090
. r 0.927 |o0.91
Winno = =
ihnov- = 096~ | 1.00
. r 1.00°
W Ex3
nan = 1.00
Normay |" 0.93"
o 0.30

"p<0.05, “p<0.01



Table 8. External consistency for age 6. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
r 109271090 |0.97° |0.96
VPA EX.3 EX.3 EX.3 EE3
rs | 0.95 | 0.90 0.93 0.95
S r 0.987 0977 [0.92°
9 I 060 | 100~ |090°
. r 0917 |0.89
W E3 EE3
ihnov: = 082" |0.04
. r 0.99
Winjan =~ 0.50
r 0.93"
N
ormay 0.60

"p<0.05, “p<0.01

Table 9. External consistency for age 7. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
r 1080|096 |0.97° [0.947
VPA EE3 EE3 EE.3 *x
rs| 0.927 | 0.95 0.98 0.91
s r 0.88 1.00° |0.79
9 I 094~ | 1.00~ |0.80
. r 0.887 095"
Winnov |- 096~ [0.77
. r 0.93
Winjan -
jan = 1.00
Norma d 0.78
o 0.90°

"p<0.05, “p<0.01
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Table 10. External consistency for age 8. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
r 1089|096 093" [0.897
VPA EX.3 EE.3 EX.3 EE3
rs|0.90 | 0.95 0.95 0.97
S r 0.97° 1098 [0.99"
9 T 0947 | 1.00~ | .00~
. r 0.96° [0.947
Winnov - -
I 0.86 0.94
. r 0.99
Winjan -
nan e 1.00
0.91
N .
ormay 0.90

"p<0.05, "p<0.01

Table 11. External consistency for age 9. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
YL 0.94* 0.95** 0.95 0.89**
rs| 0.82° |0.95 0.64 0.93
S r 0.96° [0.98" |0.94
9 I 1.00° 090 |0.80
. r 0.987 [0.99"
Winno . *
ihnov- = 0.94~ |0.90
. r 0.83
W £33
nan = 1.00
r 0.51
Norma
o 0.40

"p<0.05, “p<0.01

11



Table 12. External consistency for age 10. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
r 1020]0.98" [099" |073"
VPA * E3 EX.3
rs | 0.09 | 0.78 0.86 0.87
S r 0.76 0.85 0.60
9 I 087 040 |0.60
. r 1.00° |0.64
Winnov . 0.68 0.90°
. r 0.72
W
nan = 0.50
r 0.59
N
ormay rs 0.20

"p<0.05, "p<0.01

Table 13. External consistency for age 11. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
YL 1.00 0.99* 0.99 0.83 0.44
rs| 0.64 |0.83 0.60 0.51 0.50
S r 1.007 |1.007 |-0.51
9 I 090" 090" |-0.80
. r 1.007 |-0.36
W EX.3
ihnov = 1.00° | -050
r 0.53
N
ormay = 0.00

"p<0.05, “p<0.01

Table 14. External consistency for age 12. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Winnov | Winjan | Normay | Norjul
1.000 [0.997 [1.007 [0.83"
VPA :S 188 0.62 050 823
. 1.00° |0.79
Winnov :S 087 | 050
sy e

“"p<0.05, “p<0.01
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Table 15. External consistency for age 13. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Normay | Norjul
r 097 [097" |[-1.00°
VPA - - =
rs | 1.00 0.73 -1.00
r 0.98
S0 T 1.00”
Norma ' 0.84
Y I 0.60

“p<0.05, “p<0.01

Table 16. External consistency for age 14. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Normay | Norjul
r 1099 [093"
VPA 3 EE3
rs| 1.00° | 0.83
Norma d 0.86
o 0.82

"p<0.05, “p<0.01

Table 17. External consistency for age 15+. Pearson (r) and Sperman’s (rs) correlation coefficients between time
series with abundance estimates. If both correlations are significant at the 5 % level the correlations are
emboldened.

Sg Normay | Norjul
r 10997 064
VPA Ex3 EE.3
rs| 1.00° | 0.76
r 0.81
S
9 I 0.80
Norma d 097"
o 0.40
"p<0.05, "p<0.1

Table 18. External consistency for the spawning stock biomass (SSB). Pearson (r) and Sperman’s (rs)
correlation coefficients between time series with abundance estimates. If both correlations are significant at the 5
% level the correlations are emboldened.

Larvae
r 069"
VPA -
rs | 0.86
“p<0.05, p<0.1
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Table 19. Summary of the correlation analyses. Each cell in the table indicates whether a survey-age component
is internally and/or externally consistent, Int=1: internal consistency, Int=0: not internal consistent, Ext=1;
external consistency, Ext=0: not external consistency. Green: both internal and external consistency, red: either
not external consistency, internal consistency or none, yellow: not possible to evaluate internal consistency.

Survey
Sg Winnov Winjan Normay Barmay Baraug  Norjul BarO Larvae
Age Int Ext Int Ext Int Ext Int Ext Int Ext Int Ext Int Ext Int Ext Int Ext

O 00 N OO Ul A W N KR O

15+
SSB
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Figure 1. Mean standardised time series with abundance estimates of age 0.
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Figure 2. Mean standardised time series with abundance estimates of age 1. Only the survey time series with
both internal and external consistency are shown.
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Figure 3. Mean standardised time series with abundance estimates of age 2. Only the survey time series with
both internal and external consistency are shown.
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Figure 4. Mean standardised time series with abundance estimates of age 3. Only the survey time series with
both internal and external consistency are shown.
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Figure 5. Mean standardised time series with abundance estimates of age 4. Only the survey time series with
both internal and external consistency are shown.
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Figure 6. Mean standardised time series with abundance estimates of age 5. Only the survey time series with
both internal and external consistency are shown.
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Figure 7. Mean standardised time series with abundance estimates of age 6. Only the survey time series with
both internal and external consistency are shown.
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Figure 8. Mean standardised time series with abundance estimates of age 7. Only the survey time series with
both internal and external consistency are shown.
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Figure 9. Mean standardised time series with abundance estimates of age 8. Only the survey time series with
both internal and external consistency are shown.
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Figure 10. Mean standardised time series with abundance estimates of age 9. Only the survey time series with
both internal and external consistency are shown.
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Figure 11. Mean standardised time series with abundance estimates of age 10. Only the survey time series with
both internal and external consistency are shown.
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Figure 12. Mean standardised time series with abundance estimates of age 11. Only the survey time series with
both internal and external consistency are shown.
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Figure 13. Mean standardised time series with abundance estimates of age 12. Only the survey time series with
both internal and external consistency are shown.
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Figure 14. Mean standardised time series with abundance estimates of age 13. Only the survey time series with
both internal and external consistency are shown.
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Figure 15. Mean standardised time series with abundance estimates of age 14. Only the survey time series with
both internal and external consistency are shown.
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Figure 16. Mean standardised time series with abundance estimates of age 15+. Only the survey time series with
external consistency are shown.
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Figure 17. Mean standardised time series with SSB estimates.
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Figure 18. Comparison of excluded and included survey indices in the latest ICES stock assessment (‘WGWIDE
2013) and the suggestion based on the present work (‘New suggestion’). Green: included, red: excluded, white:
no observation (blank) or zero-value (0). The top rows with numbers in each survey are age groups.

Survey: Baraug

WGWIDE 2013
1 2

2013

New suggestion

Survey: Larvae

WGWIDE 2013
55B-idx
1381
1982
1983
1984
1985
1986
1987
1388
1385
1990

New suggestion
S5B-idx
1981
1982
1983
1984
1985
1986
1987
1988
1989
1930

24




Appendix

Data used in the analyses (survey indices and VVPA estimates).

Survey: Sg

Age-> 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1988 255 146 6805 202

1989 101 5 373 103 5402 182

1990 183 187 345 112 4489 146

1991 44 59 54 12 354 122 4148 102

1992

1993

1994 16 128 676 1375 476 63 13 140 35 1820

1995 1792 7621 3807 2151 322 20 1 124 63 2573

1996 407 231 7638 11243 2586 957 471 165 2024

1997

1998 381 1905 10640 6708 1280 434 130 39 175 804
1999 106 1366 337 1286 2979 11791 7534 1912 568 132 392 437
2000 1516 690 1996 164 592 1997 7714 4240 553 71 3 6 361
2001

2002

2003

2004

2005 103 281 811 3310 7545 10453 887 563 159 122 610 1100 686 17
Survey: Winnov

Age-> 1 2 3 4 5 6 7 8 9 10 11 12 13 14+
1992 36 1247 1317 173 16 208 139 3742 69

1993 72 1518 2389 3287 1267 13 13 158 26 4435

1994 16 3708 4124 2593 1096 34 25 196 29 3239

1995 380 183 5133 5274 1839 1040 308 19 13 111 39 907

1996 1465 3008 13180 5637 994 552 92 7 41 15 393

1997 9 73 661 1480 6110 4458 1843 743 66 64 904
1998 65 1207 441 1833 3869 12052 8242 2068 629 111 14 40 573
1999 74 159 2425 296 837 2066 6601 4168 755 212 15 146
2000 56 322 1522 5260 165 497 1869 4785 3635 668 205 11
2001 362 522 3916 1528 2615 82 338 864 3160 2216 384 127 1
Survey: Winjan

Age-> 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1991 90 220 70 20 180 150 5500 440

1992 410 820 260 60 510 120 4690 30

1993 61 1905 2048 256 27 269 182 5691 128

1994 73 642 3431 4847 1503 102 29 161 131 3679

1995 47 3781 4013 2445 1215 42 24 267 29 4326

1996 315 10442 13557 4312 1271 290 22 25 200 58 1146

1997

1998 214 267 1938 4162 9647 6974 1518 743 16 4 33 7 462
1999 1358 199 1455 4452 12971 7226 1876 499 16 16 156 220
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Survey: Normay

Age-> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1996 4114 22461 13244 4916 2045 424 14 7 155 3134
1997 1169 3599 18867 13546 2473 1771 178 77 288 190 60 2697
1998 24 1404 367 1099 4410 16378 10160 2059 804 183 35 492
1999 215 2191 322 965 3067 11763 6077 853 258 5 14 158 128
2000 157 1353 2783 92 384 1302 7194 5344 1689 271 114 75
2001 1540 8312 1430 1463 179 204 3215 5433 1220 94 178 6
2002 677 6343 9619 1418 779 375 847 1941 2500 1423 61 78 28
2003 32073 8115 6561 9985 9961 1499 732 146 228 1865 2359 1769 287
2004 13735 1543 5227 12571 10710 1075 580 76 313 362 1294 1120 10 88
2005 1293 19679 1353 1765 6205 5371 651 388 139 262 526 1003 364 115
2006 19 306 14560 1396 2011 6521 6978 679 713 173 407 921 618 243
2007 411 2889 5877 20292 1260 1992 6780 5582 647 488 372 403 1048 1010
2008 1193 587 8332 8270 16345 1381 1920 3958 2500 416 242 159 217 408
2009 410 2316 2314 13545 8937 12025 1335 1334 2696 1488 208 175 65 232
2010 81 364 1195 3329 2156 8282 4146 4519 390 513 804 331 45 17 25
2011 1058 1576 1753 4550 2692 8693 2879 4830 572 898 837 281 13 34
2012 1588 2995 415 844 1835 2321 4346 1890 2338 329 615 344 112 54
2013 395 653 2900 496 1120 1923 2794 4311 2600 1782 538 573 209 62
Survey: Barmay
Age-> 1 2 3

1991 24.3 5.2

1992 32.6 14 5.7

1993 102.7 25.8 1.5

1994 6.6 59.2 18

1995 0.5 7.7 8

1996 0.1 0.25 1.8

1997 2.6 0.04 0.4

1998 9.5 4.7 0.01

1999 49.5 49

2000 105.4 27.9

2001 0.3 7.6 8.8

2002 0.5 3.9

2003

2004

2005 233 4.5 2.5

2006 3.7 35.0 53

2007 2.1 3.7 12.5

2008

2009 0.19 0.47 0.67

2010 7.724 1.966 0.091

2011 0.6 3.6 0.02

2012 0.370 0.120

2013 0.036 1.912 0.377
Survey: Baraug
Age-> 1 2 3
1999 48759 986 51
2000 14731 11499
2001 525 10544 1714
2002
2003 99786 4336 2476
2004 14265 36495 901
2005 46380 16167 6973
2006 1618 5535 1620
2007 3941 2595 6378
2008 30 1626
2009 1538* 433 1807
2010 1047 215 234
2011 95 1504 6
2012 2031 1078 1285
2013 7657 5027 91

This value has been corrected: It is wrong in Prokhorova et al. (2013).
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Survey: Norjul

Age-> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
2009 414 4134 3522 12449 7479 12361 1224 2144 1761 410 157 75 756
2010 544 326 1307 2630 2501 10139 6620 6470 1165 2308 805 422 166 87 143
2011 1042 1122 368 969 1008 3441 2710 2052 395 523 313 87 22 14
2012 108 794 3197 1256 1203 2674 2255 3999 3495 2923 907 554 301 87 57
2013 95 469 3261 1878 1251 2221 2949 4580 4989 2518 1087 606 151 73

Survey: BarO

Age->
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

0

4

3

202
40557
6313
7237
7

2
8686
4196
9508
81175
37183
61508
14884
1308
57169
45808
79492
15931
49614
844
23354
28579
136053
26531
68531
22319
15915
18916
20367
13674
26480
70972

27



Survey: Larvae

SSB-index

1981 0.3
1982 0.7
1983 2.5
1984 1.4
1985 2.3
1986 1
1987 13
1988 9.2
1989 13.4
1990 18.3
1991 8.6
1992 6.3
1993 24.7
1994 19.5
1995 18.2
1996 27.7
1997 66.6
1998 42.4
1999 19.9
2000 19.8
2001 40.7
2002 27.1
2003

2004 56.4
2005 73.91
2006 98.9
2007 90.6
2008 107.9
2009

2010 42.7
2011 73.4
2012 65.6
2013 71.6

VPA (numbers at age in thousands, SSB in million tons)

Age-> 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+ SSB.
1980 1460000 4220000 1020000 334000 444000 138000 327000 404000 1320 263 440 22800 145 8.42 4.75 4.75 0.482
1981 1100000 591000 1720000 414000 282000 377000 117000 274000 333000 725 219 378 17100 116 6.33 6.33 0.492
1982 2220000 443000 240000 691000 353000 238000 316000 98400 232000 279000 307 93.6 220 13800 9.04 9.04 0.506
1983 2.85E+08 890000 179000 97300 582000 296000 201000 267000 82900 195000 234000 153 46.5 155 11800 13.7 0.632
1984 12000000 1.16E+08 359000 71900 80800 481000 246000 167000 223000 70100 164000 195000 4.06 3.95 567 9360 0.571
1985 38700000 4860000 47100000 144000 57800 64600 357000 195000 132000 178000 53700 126000 162000 2,57 2.48 6540 0473
1986 7040000 15700000 1970000 19000000 104000 35400 40300 188000 114000 63200 94800 37000 79500 93100 129 3200 0.28
1987 9010000 2850000 6390000 798000 15900000 73600 17100 20500 65300 29200 16100 11800 14000 8690 7910 509 0.303
1988 24732000 3653900 1155600 2575100 668200 13197000 46139 11517 11098 30424 14089 51412 60125 48326 1564.9 542 188
1989 66774000 10046000 1483800 464210 2158100 551910 10849000 30979 6520 4082 12789 40133 18412 2098.7 1700.7 6.54 3
1990 1.1E+08 27144000 4083200 587770 396870 1854100 469800 9037100 23454 4872 2886 7963.9 2187.1 959.27 1509.5 1230 3.44
1991 2.96E+08 44702000 11036000 1650500 488640 339120 1584900 394300 7568600 18993 27925 627.58 4627.1 12865 660.2 1370 3.32
1992 3.53E408 126408 18172000 4484700 1412800 418000 290580 1350500 331160 6311600 14035 19773 459.69 33445 10119 1010 339
1993 1.08E+08 1.44E+08 48986000 7387500 3848300 1185300 355160 249000 1151300 279710 5223400 9785 11127 169.1 1740.1 1740 3.36
1994 38439000 43843000 58400000 19912000 6332200 3213300 939420 297700 210930 963470 223500 4116100 8421.1 956.77 144.62 2990 3.48
1995 14006000 15628000 17825000 23739000 17108000 5348100 2428900 656210 241800 174010 794690 159390 2945900 4639.6 400.91 722 3.48
1996 54088000 5694300 6353800 7246500 20379000 14404000 4026900 1501800 351870 193760 135100 619420 60353 1694600 325.93 326 3.96
1997 33271000 21991000 2315100 2564700 6205300 16879000 10944000 2597300 917680 207460 161500 109460 471980 35737 690310 559 5.13
1998 1.66E+08 13527000 8940700 927820 2086600 5090000 12866000 7576500 1533300 489030 122410 120480 64322 322580 13220 255000 5.77
1999 1.56E+08 67407000 5499700 3584000 733470 1571700 4039900 9445500 5352700 967470 300950 66193 80287 52141 173880 126000 5.83
2000 56193000 63542000 27406000 2232900 2957200 598130 1228000 3079800 6646000 3531600 563930 161350 43556 32338 38216 118000 4.85
2001 33809000 22846000 25834000 11133000 1844000 2027400 482460 954420 2276600 4519500 2075600 285590 73050 22513 7136 47100 3.88
2002 2.72E+08 13746000 9288600 10502000 9487900 1438400 1350700 379380 732640 1685200 3114400 1318300 177800 41004 16136 23300 3.29
2003 1.04E+08 1.11E408 5588600 3738200 8855500 7570700 1001900 861030 298910 544060 1205700 2068000 821400 104210 23821 18200 3.68
2004 42258000 44989000 2269400 3147800 7321900 5840000 699730 586040 236100 399360 837100 1256400 504760 54185 23000 4.51
2005 17179000 18264000 1930700 2623800 5904200 4365500 499600 377020 178550 295200 564150 711160 240720 29800 456
2006 6972100 15305000 1574500 2100400 4486200 2898000 317490 210840 118600 193770 356920 295350 102000 4.57
2007 5930700 12497000 1279200 1649200 3190000 1781500 191410 110430 74072 113390 184100 167000 485
2008 4764700 9087400 959500 1194800 2072500 1061300 121160 71607 49603 74969 190000 4.88
2009 5702000 791740 1242500 572870 76918 28557 20851 148000
2010 439900 678700 273920 24524 15971 71200
2011 212830 72190
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Abstract

We compile and update the information available on the discards of boarfish, herring, chub mackerel, Atlantic
mackerel and blue whiting produced by Portuguese vessels operating with bottom otter trawl in Portuguese ICES
Division IXa. The data was collected by the Portuguese on-board sampling programme (EU DCR/NP) between
2004 and 2013. Estimates of discard volume and discard length composition at fleet level are provided for most
years X species x fisheries combinations. Final remarks are made on the importance of results from a WGWIDE

perspective.

1 Introduction

This working document compiles the information available on the discards of WGWIDE stocks (boarfish, herring,
Atlantic mackerel and blue whiting) and chub mackerel produced by the Portuguese bottom otter trawl fisheries
in Portuguese ICES Division IXa. The data were collected by the Portuguese on-board sampling programme (EU
DCR/NP) between 2004 and 2013. The document starts with a description of the on-board sampling programme
and details of the estimation algorithms and quality assurance procedures (Section 2). Then, results are presented
on the annual frequencies of occurrence and numbers sampled in discards of the different taxa and, for some years
X species combinations, also fleet-level estimates of discard volume, length composition and age structure (Section
3). The document ends with a set of final remarks that highlight the importance of the results from a WGWIDE

perspective (Section 4)

2 Onboard sampling and data analysis

2.1 Trip selection

Please refer to Prista et al. (2012).
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2.2 Catch sampling

Please refer to Prista et al. (2012).

2.3 Estimates of discards (haul and set level)

Please refer to Prista et al. (2012).

2.4 Estimates of discards (fleet level)

Haul estimates are raised to fleet level using a raising algorithm adapted from Fernandes et al. (2010) (see also
Jardim and Fernandes, 2013). Broadly, the raising algorithm combines haul level discard data (discards per hour)
with total effort data derived from logbooks and sales slips to obtain annual fleet level discard estimates for different
vessel-length strata. The procedure was developed for hake, which is a very frequent catch of the Portuguese OTB
fisheries (Jardim and Fernandes, 2013); however, it has the drawback that it cannot reliably estimate discards from
species with low frequency of occurrence in discard samples, namely those discarded in <30% of the hauls sampled
(Jardim et al., 2011). To our knowledge the conversions of total discards in weight (and total discard numbers-at-
length) to age are still to be standartized at European level. In this work, age length keys were used to convert
annual discards-at-length to annual discards-at-age and quarterly estimates of discard weights (and numbers-at-age)
were calculated by splitting total annual discards in weight (or numbers-at-age) proportionally to the number of
trips registered in each quarter (as determined from sales slips). Discards-at-age were not sop-corrected.

2.5 Apge determination

Age determination is carried out for Atlantic mackerel, chub mackerel and blue whiting according to standardized
protocols and validated procedures (ICES 2010; ICES 2013; Martins et al., 2014). Otoliths used in to build the
age-length keys come from port sampling, discards and research surveys. Annual age-length keys derived from
quarterly age-length keys are used in discard estimation. The ages of Atlantic mackerel and chub mackerel were
determined by Maria Manuel Martins, Delfina Morais and Andreia Silva. The ages of blue whiting were determined
by Adelaide Resende and Ana Luisa Ferreira. Boarfish is not aged at IPMA.

2.6 Quality assurance procedures

Data involved in the calculation of discard estimates from Portuguese waters comes from an IPMA database (on-
board sampling data) and a DGRM database (logbook and sales data). The IPMA onboard database is programmed
in Oracle and contains internal routines for the detection of very basic errors (e.g., in dates). Quality checks involv-
ing the manual checking of (at least) 10% of annual trawl records have been carried out since the beginning of the
on-board sampling programme and in 2010-2011 a semi-automated R quality assurance procedure was designed and
the entire OTB data checked for (so far) undetected errors. Since that time, routine quality assurance procedures
include: quarterly checks using the semi-automated R routine and an annual check of 10% of the trawl records that
detects observer-related biases, with only minor updates and data reviews being performed in previous data. DGRM
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effort and commercial data (sales records) are supplied to IPMA on an annual basis. The 2004-2011 logbook data
supplied by DGRM are based on paper logbooks and display increasing fleet coverage across the period. From 2012
onwards, logbook data consist of both paper and electronic logbook records. IPMA and DGRM have been working
on methods that improve the way paper and electronic records are combined and generate raising factors for discard
estimation that are consistent through time. At present, these efforts are still ongoing so discard estimates should
be considered provisional until a final review is made. The data used in the current estimates were extracted from
the IPMA database in 21/06/2014. The DGRM data were supplied in 18/03/2014 and 23/04/2014.

2.7 Note on species identification

Please refer to Prista et al. (2012).

3 Species discards

3.1 Sampling levels
Sampling levels attained by the Portuguese onboard sampling programme on the OTB fisheries are presented in

Table 1.

Table 1: Sampling levels achieved by the onboard sampling programme of Portuguese OTB fisheries in ICES
Division IXa (2004-2013). “OTB_ CRU” = crustacean fishery, “OTB_DEF” = demersal fish fishery

Trips sampled Hauls sampled Hours fished
Year OTB_CRU OTB_DEF OTB_CRU OTB_DEF OTB_CRU OTB_DEF
2004 17 24 111 125 479 315
2005 15 39 74 159 372 349
2006 7 42 30 194 133 380
2007 12 38 73 162 263 287
2008 12 34 66 128 255 254
2009 16 38 84 135 314 264
2010 16 31 103 116 375 208
2011 13 30 56 83 217 161
2012 13 31 68 60 302 130
2013 6 27 28 50 118 108

3.2 Selected species

Species codes and common names used in the present report are displayed in Table 2.
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Table 2: Species codes (FAQ), scientific and common names, and ICES stock abbreviations

3-alpha code Species Common name (EN)  Common name (PT)  ICES stock
BOC Capros aper Boarfish Mini-saia boc-nea
HER Clupea harengus Atlantic herring Arenque her-nea
MAC Scomber scombrus Atlantic mackerel Sarda mac-nea
MAS Scomber colias Chub mackerel Cavala —
WHB Micromesistius poutassou Blue whiting Verdinho whb-comb

3.3 Frequency of occurrence

The annual frequencies of occurrence of boarfish, herring, chub mackerel, Atlantic mackerel and blue whiting in

discards of the Portuguese OTB fisheries are displayed in Table 3 and Table 4. The number of individuals sampled

in each year is displayed in Table 5 and Table 6.

Table 3: Frequency of occurrence (%) of boarfish (BOC), herring (HER), chub mackerel (MAS), Atlantic mackerel
(MAC) and blue whiting (WHB) in the discards of the hauls sampled onboard the Portuguese OTB_CRU fishery

(2004-2013). “—” indicates no occurrence; “bold” numbers indicates frequency of occurrence >30%
YEAR BOC HER MAC MAS WHB
2004 32 — 10 9 83
2005 16 — 11 7 86
2006 47 — 10 13 73
2007 34 — 22 19 68
2008 17 — 18 35 56
2009 57 — 1 7 67
2010 29 — 31 84
2011 39 — 25 30 91
2012 32 — 22 12 72
2013 36 — 18 7 93

Table 4: Frequency of occurrence (%) of boarfish (BOC), herring (HER), chub mackerel (MAS), Atlantic mackerel
(MAC) and blue whiting (WHB) in the discards of the hauls sampled onboard the Portuguese OTB_DEF fishery

(2004-2013). “—” indicates no occurrence; “bold” numbers indicates frequency of occurrence >30%
YEAR BOC HER MAC MAS WHB
2004 33 — 22 38 44
2005 26 — 18 36 26
2006 52 — 17 45 35
2007 46 — 31 69 26
2008 42 — 20 75 15
2009 47 — 23 70 19
2010 27 — 22 67 37
2011 25 — 29 71 18
2012 47 — 37 23 33
2013 34 — 44 44 22
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Table 5: Number of boarfish (BOC), herring (HER), chub mackerel (MAS), Atlantic mackerel (MAC) and blue
whiting (WHB) sampled in the discards of the Portuguese OTB _CRU fishery (2004-2013)

YEAR BOC HER MAC MAS WHB

2004 377 0 49 37 7057
2005 235 0 74 15 1685
2006 173 0 7 19 825
2007 706 0 257 47 1385
2008 52 0 46 62 514
2009 549 0 2 11 1197
2010 481 0 4 69 2216
2011 117 0 106 64 1509
2012 183 0 92 40 1337
2013 25 0 9 3 1054

Table 6: Number of boarfish (BOC), herring (HER), chub mackerel (MAS), Atlantic mackerel (MAC) and blue
whiting (WHB) sampled in the discards of the Portuguese OTB _DEF fishery (2004-2013)

YEAR BOC HER MAC MAS WHB

2004 1016 0 249 977 2682
2005 660 0 160 1085 1569
2006 5156 0 225 2704 1356
2007 1809 0 818 3061 632
2008 1345 0 153 3858 86

2009 1264 0 333 2434 1770
2010 201 0 70 3235 2180
2011 331 0 257 1642 605
2012 315 0 740 923 1219
2013 106 0 315 349 305

3.4 Total discards

Total discards of boarfish, herring, chub mackerel, Atlantic mackerel and blue whiting produced by the Portuguese
OTB fisheries are displayed in Table 7 and Table 8. Quarterly estimates of discard weights of Atlantic mackerel
and blue withing are provided in Annex. Due to limitations of the current estimation algorithm, discard volumes
were not estimated when frequency of occurrence was lower than 30% (Prista et al., 2012; also Section 2.4). For

that reason, numbers discarded per haul are also presented (Table 9 and Table 10).
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Table 7: Volume (in metric tons) and CVs (%, in brackets) of boarfish (BOC), herring (HER), chub mackerel
(MAS), Atlantic mackerel (MAC) and blue whiting (WHB) species discarded in the Portuguese OTB_ CRU fishery
(2004-2013). “(a)” = low frequency of occurrence

YEAR  BOC HER MAC  MAS WHB
2004 25 (43%) 0 (0%) (a) (a) 2491 (38%)
2005 (a) 0(0%) (a) (a) 676 (33%)
2006 73 (30%) 0 (0%) (a) (a) 3558 (4%)
2007 89 (66%) 0 (0%) (a) (a) 324 (48%)
2008 (a) 0(0%) (a) 25 (27%) 161 (41%)
2009 166 (35%) 0 (0%) (a) (a) 201 (18%)
2010 (a) 0(0%) (a) 33 (46%) 376 (22%)
2011 9 (36%) 0 (0%) (a) 52 (39%) 507 (39%)
2012 32 (85%) 0 (0%) (a) (a) 278 (60%)
2013 3 (66%) 0 (0%) (a) (a) 633 (43%)

Table 8: Volume (in metric tons) and CVs (%, in brackets) of boarfish (BOC), herring (HER), chub mackerel (MAS),
Atlantic mackerel (MAC) and blue whiting (WHB) discarded in the Portuguese OTB_DEF fishery (2004-2013).
“(a)” = low frequency of occurrence

YEAR  BOC HER MAC MAS WHB
2004 222 (58%) 0 (0%) (a) 413 (210%) 933 (39%)
2005 (a) 0 (0%) (a) 463 (27%) (a)
2006 938 (24%) 0 (0%) (a) 1122 (35%) 170 (37%)
2007 394 (24%) 0 (0%) 815 (61%) 3476 (34%) (a)
2008 225 (66%) 0 (0%) (a) 4212 (24%) (a)
2009 252 (60%) 0 (0%) (a) 1844 (21%) (a)
2010 (a) 0 (0%) (a) 3727 (31%) 418 (45%)
2011 (a) 0 (0%) (a) 1113 (23%) (a)
2012 48 (28%) 0 (0%) 482 (65%) (a) 191 (56%)
2013 42 (37%) 0 (0%) 617 (60%) 936 (70%) (a)

Table 9: Discards (in number per haul) of boarfish (BOC), chub mackerel (MAS), Atlantic mackerel (MAC) and

blue whiting (WHB) in the OTB_ CRU fishery (2004-2013). “—” indicates no occurrence.
BOC MAC MAS WHB
year mean (sd) range mean (sd) range  mean (sd) range mean (sd) range

2004  60.7 (168.1)  0-1096 21 (170.6)  0-1788 7.2 (37.2)  0-358  2473.4 (5388.5) 0-35768
2005  127.4 (594.8)  0-4386  28.3 (183)  0-1556 7.7 (46.3)  0-387  701.6 (1420.3)  0-7419
2006 169.1 (394.2)  0-1838 6.5 (20.6) 0-88  50.2 (213.5) 0-1148  1538.3 (3330.1)  0-16250
2007  687.1 (3531.7) 0-29593 205.8 (857.2) 0-6014 50.4 (304.4) 0-2573  784.3 (2092.6)  0-12410
2008 86.2 (607.2)  0-4936  14.6 (42.6)  0-243  30.2 (62.7)  0-305  260.3 (522.5)  0-3910
2009  306.5 (598.8)  0-2965 1.4 (12.7) 0-117  10.4 (42.9)  0-283  528.5 (1080.9)  0-6961
2010 114 (387) 0-3082 1.2 (7.7) 0-73  46.7 (151.4) 0-1333  974.6 (1717.6)  0-13290
2011 74.9 (167.6) 0-776  56.5 (168.9)  0-990  55.3 (203.2) 0-1299  1063.1 (1583.8)  0-6559
2012 77.6 (246.9)  0-1624  42.2 (162.1)  0-1225  14.3 (53.6)  0-312  499.7 (1252.9)  0-8274
2013 24.9 (72.1) 0-333 6.4 (25.3) 0-132  6.7(26.1)  0-125  1859.1 (4605.5) 0-23331
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Table 10: Discards (in number per haul) of boarfish (BOC), chub mackerel (MAS), Atlantic mackerel (MAC) and

blue whiting (WHB) in the OTB_DEF fishery (2004-2013). “—” indicates no occurrence.
BOC MAC MAS WHB
year mean (sd) range mean (sd) range mean (sd) range mean (sd) range
2004 531.8 (3188.5) 0-32590 43.4 (137.1) 0-850 266.8 (957.5) 0-8032 929.1 (3809.7) 0-29195
2005 148 (590) 0-5782  29.7 (135.8) 0-1308  353.4 (1408.4)  0-12236  487.4 (2347.7)  0-17469
2006 1310.8 (3936.3)  0-34732 65.4 (386.5) 0-4080 1015.5 (3574.1)  0-24688 434.9 (2535.1) 0-27962
2007 613.6 (3121.9) 0-37181 437.5 (1936.7) 0-16744  1218.7 (3083.4)  0-26405 248.8 (1162.7) 0-12833
2008 598.6 (2373.6) 0-23407 103.7 (560.4) 0-4650 2091 (4857) 0-34187 26.6 (83.5) 0-479
2009 621.1 (2951.7) 0-30655 193.3 (961) 0-7960 1395.8 (4612.6)  0-36464 619.2 (3007.8) 0-24880
2010 1407 (458.5)  0-3186  55.9 (349.3) 0-3713  2015.8 (4614)  0-28913  1221.3 (4541.7) 0-31342
2011 177.3 (646) 0-3640 299.3 (2226.5) 0-20150 614.7 (1198.8) 0-5613 233.5 (710.6) 0-3616

2012 126.4 (578.1) 0-4431 1020.4 (5452.4)  0-40388 314.6 (904.3) 0-4633 459.3 (1662.6) 0-11832
2013 156.5 (653.2) 0-4309 597.7 (2710.9) 0-18836 375.1 (990.1) 0-5405 519 (2304.2) 0-12290

3.5 Length frequency of discards

Length composition of discards of boarfish, chub mackerel, Atlantic mackerel and blue whiting produced by the
Portuguese OTB fisheries are presented in Table 11 to 14. Due to limitations of the estimation algorithm (see
Sections 2.4 and 3.4), length composition at fleet level is only provided for the year x species combinations where
total discards could be reliably calculated. Overall summary statistics of length samples are provided in Table 15
and Table 16
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Table 11: Length composition of boarfish (BOC) discards (no.x1000) produced by the Portuguese OTB fisheries
(2004-2013). Years not shown displayed low frequency of occurrence (see Sections 2.4, 3.3 and 3.4)

OTB_CRU OTB_DEF

Class (0.5 cm) 2004 2006 2007 2009 2011 2012 2013 2004 2006 2007 2008 2009 2012 2013
1.5 16.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 16.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.2 0.0 0.0 0.0
3.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.3 26.8 0.0 17.6 0.0 0.0
4 8.2 0.0 0.0 0.0 37.7 0.0 0.0 53.0 0.0 145.1 139.0 0.0 0.0 0.0
45 30.2 0.0 3.3 0.0 37.7 0.0 0.0 198.3 54.6 321.9 3.6 17.6 0.0 0.0
5 24.1 0.0 0.0 0.0 25.1 0.0 0.0 83.2 88.8 798.5 0.0 72.4 0.0 0.0
5.5 2.2 0.0 0.0 0.0 0.0 0.0 0.0 24.7 54.1 455.2 0.0 580.5 6.5 0.0
6 0.0 0.0 0.0 0.0 12.6 0.0 0.0 48.2 37.9 198.9 205.6 492.6 2.7 32.5
6.5 0.0 22.5 5.6 0.0 12.0 2.6 4.8 65.5 29.7 137.7 716.8 186.0 8.1 76.0
7 0.0 27.2 9.1 0.0 63.7 0.0 6.7 145.2 44.5 35.1 404.2 101.4 0.0 14.6
7.5 9.4 0.0 57.3 31.3 126.3 0.0 17.1 168.8 3.7 23.2 285.5 261.9 0.0 784.7
8 0.0 0.0 22.5 13.4 75.5 4.7 3.4 15.3 37.3 0.0 386.1 132.5 60.8 130.0
8.5 0.6 0.0 5.6 19.9 44.8 0.0 20.7 2.9 0.0 65.2 437.8 183.9 18.4 34.3
9 5.0 19.9 5.2 58.4 0.0 0.0 23.6 0.0 37.0 37.5 97.4 257.7 11.4 0.0
9.5 23.4 6.2 0.0 55.9 0.0 0.0 16.2 61.5 164.1 199.6 74.1 163.4 11.3 0.0
10 60.5 281.5 147.6 86.8 24.4 23.7 13.2 482.2 1738.7 823.2 578.4 290.8 12.5 29.6
10.5  101.8 186.8 422.8 520.9 22.2 30.9 20.0 1428.9 5055.8 1817.0 1565.9 456.1 9.5 38.9
11 102.3 296.5 863.3 719.5 38.8 163.0 2.9 2299.2 8042.2 3672.4 2918.6 1081.0 63.1 109.0
11.5 85.5 243.5 556.2 1188.2 38.1 213.1 49.1 1490.4 7739.9 2765.3 1813.0 1784.7 72.7 206.9
12 168.2 1163.2 396.6 1285.6 12.9 249.3 0.0 808.5 5418.4 2259.5 810.9 1460.4 44.4 104.6
12.5 96.3 179.3 208.9 875.1 2.9 104.5 2.9 317.3 2940.9 1346.1 502.2 1178.1 52.8 116.3
13 108 99.7 96.3 296.8 2.9 75.4 0.0 1