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5 Reference points and assessment of salmon in Main Basin and Gulf
of Bothnia (Subdivisions 22-31)

5.1 Introduction

A Bayesian approach to statistical inference (Gelman et al., 1995) has been used for
the assessment of Baltic salmon. This approach permits a probabilistic approach to
fisheries stock assessment in which uncertainties about unobserved quantities are
formulated as probability distributions (McAllister and Kirkwood, 1998). It also al-
lows a diverse range of data and expertise to be incorporated probabilistically into
the stock assessment and the input to be specified in a formal and probabilistic man-
ner.

The key idea of the Bayesian approach is to express the prior knowledge about para-
meters of interest (population parameters, catchability, tag reporting rate, etc.) in the
form of probability distributions, and then update the knowledge about the parame-
ters by using empirical observations. The distribution which describes the degree of
knowledge before obtaining empirical observations is called the prior (probability)
distribution. The distribution updated by empirical observations is called the post-
erior (probability) distribution which is seen as a formal compromise between the
prior knowledge and information contained in observations. Generally, small
amounts of data result in small updates of the prior knowledge and large amounts of
data results in more substantial updates of knowledge. Posterior distributions ob-
tained from the analysis of one data set can be used as prior distributions in the anal-
ysis of another data set. This way the Bayesian approach serves as a formal tool for
scientific learning as the information from multiple data sets accumulates to the post-
erior distribution.

The probability distributions are analyzed using Monte Carlo simulation methods
such as Markov Chain Monte Carlo (MCMC) methods and specialized software such
as WinBUGS and Hugin have been used to calculate the probability distributions of
interest based on the statistical models and prior probability distributions. The statis-
tics most frequently used to describe a probability distribution (i.e. mode, median,
mean, 95% probability interval) are illustrated by Figure 5.1.1. The data and the pa-
rameter settings used to assess the Baltic salmon have been reported according to
guidelines provided by the ICES Working Group on Methods for Fish Stock Assess-
ment (ICES 2004a).
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Figure 5.1.1. Example of a posterior distribution for smolt abundance. The location of different
statistics which are used to describe posterior distributions in the report are indicated by vertical
lines in the figure. Most of the posterior distributions calculated by assessment models have
shapes similar to the one presented here, which means that the order of mean, median and mode
is the same as here: the most likely value (mode) is located below the median.

Reference points for Baltic Salmon

There are no objectives with corresponding reference points agreed for the current
management of Baltic salmon.

The working group evaluated the probability to reach 50% and 75% of the Potential
Smolt Production Capacity (PSPC) in each river. Reaching at least 50% of the PSPC
by 2010 in each river has been the objective of the Salmon Action Plan (SAP), defined
by the former IBSFC. Reaching at least 75% of the PSPC has been suggested by ICES
if the plan is to recover salmon populations to the MSY level (ICES 2008b and ICES
2008d). The PSPC estimates therefore form the basis of the current reference points
for the assessment of the Baltic salmon stocks.

There is a considerable amount of uncertainty associated to these reference points
(Section 5.3.3 and Section 5.3.9). All the model parameters including PSPC are up-
dated in this year’s assessment, and a comparison of the last year’s and this year’s
PSPC estimates is provided (Table 5.3.9.2 and Figure 5.3.9.4).

Methodology for the assessment of Baltic salmon

An overview of the entire assessment model with the different sub-models, data or
information used within the sub-models and their outputs, can be found in Figure
5.3.1. The use of a Bayesian estimation procedure allows this type of systematic and
integrative modeling approach which is able to utilize most of the information
sources available. The following subsections of the report discuss each of the different
sub-models within the assessment methodology.
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Figure 5.3.1. Overview of the assessment methodology for Baltic
salmon stocks. The results from five uppermost analyses provide
informative prior probability distributions for the full life history
model. These priors become automatically updated by the
information contained in the data and by the biological knowledge
about the Baltic salmon life cycle used to build a full life history
model. PSPC=Potential Smolt Production Capacity.

In order to assess the status of the salmon stocks with respect to the IBSFC SAP man-
agement objective, the first requirement is to obtain estimates of the PSPC as the ref-
erence points. A Bayesian network model (Uusitalo et al., 2005) has been used to
obtain the prior distribution for the PSPC of different Baltic salmon rivers. The model
is based on expert opinions or judgements of the characteristics of the river environ-
ments and the corresponding salmon stocks. The resulting PSPC estimates are used
as prior probability distributions when estimating the stock-recruit relationships.

In addition to the PSPC, the full life history model also requires yearly smolt produc-
tion estimates in order to assess the smolt production in relationship to the PSPC. For
the rivers Tornionjoki/Tornedlven, Simojoki and Savaran, smolt trapping data are
available that can be analysed using a mark-recapture model in order to obtain yearly
smolt production estimates for these three rivers (Mantyniemi and Romakkaniemi,
2002). For most rivers, however, only electrofishing data are available. In order to be
able to estimate the smolt production based on electrofishing data, the results for the
rivers Tornionjoki/Torneédlven, Simojoki and Sdvaran (for which both electrofishing
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and smolt trapping data are available), can be used within an hierarchical linear re-
gression analysis to estimate the smolt abundance of different rivers based on parr
density estimates obtained from electrofishing data (ICES 2004b, Annex 2).

In order to be able to update the historic smolt abundance estimates and predict fu-
ture smolt abundances, information regarding the relationship between the number
of eggs and the resulting number of smolts is needed. Within the Baltic Sea, no stock-
recruit data (egg and smolt counts) as such are available. Therefore a hierarchical
analysis of Atlantic salmon stock-recruit data has been undertaken in order to esti-
mate the likely form and parameters of the stock-recruit function (Michielsens and
McAllister, 2004).

In order to be able to use the stock-recruit function and predict future smolt abun-
dances, a full life history model is needed that can predict the number of spawners
given a certain level of exploitation. A full life history model requires the estimation
of life history parameters such as maturation rates, natural mortality rates and exploi-
tation rates. In order to be able to estimate these parameters, tagging data is analysed
using a mark-recapture model (Michielsens et al., 2006a). The results of this model are
used together with the smolt abundance estimates and the priors for the stock-recruit
function within a full life history model of individual Baltic salmon stocks in order to
be able to estimate the stock-recruit function parameters for individual salmon stocks,
and update the smolt production and PSPC estimates of the individual salmon stocks
(Michielsens et al., 2008).

The results of the assessment models are used to calculate the probability that 50% or
75% of the PSPC will be exceeded in a given year and to assess future probabilities of
reaching this objective under different assumptions about future exploitation and
states of nature. The probabilistic projection of the stocks beyond 2010 has been exe-
cuted using FLR (Fisheries library in R, Kell et al., 2007).

5.3.1 Definition of assessment units within the Baltic Sea area

Within the Baltic Sea area, currently 6 different assessment units have been estab-
lished (Figure 5.3.1.1). The grouping of rivers within an assessment unit is based on
management objectives and biological and genetic characteristics of the stocks con-
tained in a unit. The partition of stocks into assessment units needs to make sense
from a management perspective. Stocks of a particular unit are believed to exhibit
similar migration patterns. It can therefore be assumed that they are subjected to the
same fisheries, experience the same exploitation rates and are affected by manage-
ment in the same way. In addition, the genetic variability between stocks of an as-
sessment unit is smaller than the genetic variability between stocks of different units
(Figure 5.3.1.2). Even though the stocks of assessment units 5 and 6 are relatively
small in terms of their PSPC in comparison to stocks of the other assessment units,
they are very important from a genetic perspective because of their genetic diversity.

The six assessment units in the Baltic Sea consist of:
1) Northeastern Bothnian Bay stocks, starting at Perhonjoki up till the river
Raneélven.
2) Western Bothnian Bay stocks, starting at Logdeédlven up to Luleélven.
3) Bothnian Sea stocks, from Daldlven up to Gideédlven and from Paimionjoki
up till Kyronjoki.
4) Western Main Basin stocks.

5) Eastern Main Basin stocks, i.e. stocks in Estonian, Latvian and Lithuanian
rivers.
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6) Gulf of Finland stocks.

An overview of all the rivers covered by each assessment unit can be found on Figure
5.3.1.3.

5.3.2 Data of different Baltic salmon stocks available for the assessment

An overview of the different types of data available for the different Baltic salmon
stocks can be found in Table 5.3.2.1. The table indicates for which rivers the current
assessment methodology is able to predict future smolt abundance to be compared to
the PSPC. This estimation is based on smolt abundance estimates, spawner abun-
dance estimates and associated stock-recruit relationships.

5.3.3 Prior probability distributions for PSPC

A Bayesian network model (Jensen, 2001) is used for the construction of the prior dis-
tribution for the PSPC of each river. The idea is to express the knowledge of salmon
scientists about the PSPC in the form of probability distribution. In particular, the
knowledge about the PSPC before obtaining any recent smolt abundance data is in-
tended to be expressed here. Each expert is asked to provide their knowledge about
different factors affecting the PSPC, like area suitable for production, habitat quality
and mortality of smolts during downstream migration. Prior probability distributions
for the PSPC are then calculated as the product of all these factors. The final prior
distributions are an average over priors of all experts, which means that the diversity
of different expert opinions is taken into account. Detailed description of this method
can be found from Uusitalo et al., 2005.

5.3.3.1 Data

No measurement data is directly used in this model. Experts are asked to not to take
into account measurement data that will be used explicitly in the Bayesian stock as-
sessment model. For example, experts are asked to ignore any smolt counts that will
be used in the assessment, since these data will be used later to update the prior
probability distribution for the PSPC (Section 5.3.9). However, before giving their
opinion the experts look at existing additional material from the different rivers that
contain information useful for the evaluation of the river areas suitable for produc-
tion, the habitat quality of each river and information on mortality of smolts during
downstream migration.

The data has been obtained from five salmon experts (Lars Karlsson, Ingemar Perd,
Ulf Carlsson, Eero Jutila and Atso Romakkaniemi) from the northern Baltic Sea area.
The experts represented different views in the controversy over the smolt production
capacity. Clemen and Winkler, 1999 noted that experts who are very similar in phi-
losophy and opinions tend to provide redundant information, and heterogeneity
among experts is thus desirable. The marginal utility of information decreases as the
number of experts increases, and using 3-5 experts is generally suggested (Makrida-
kis and Winkler, 1983; Ferrell, 1985).

Eliciting the expert information has been done in three stages:

o First the experts discussed the model structure and assumptions and any
differences in definitions of the parameters were ironed out. Clemen and
Winkler, 1999 pointed out that great effort may be required to reach this
goal. For successful combination of the estimates it is vital that experts
agree on what is to be estimated and on the definitions regarding the
model.
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¢ Secondly the experts conducted a “warm up-exercise”, going through the
estimation using as an example a southern Swedish salmon river not in-
cluded in the analysis. This was intended to help the experts become famil-
iar with the practice of probabilistic estimation in this specific context
(Morgan and Henrion, 1990). The probability distributions and conditional
distributions were also explained in detail to ensure that they were under-
stood in the same way by all experts.

e Finally, the experts estimated the probability distributions of the river-
specific variables and conditional distributions that link these environ-
mental factors to salmon reproduction. Each expert did this alone via a
questionnaire form, with the possibility to hold discussions with the ana-
lyst, if desired. This arrangement was made to ensure that nobody’s opin-
ions and interpretations would affect the judgements of others, but that
every expert would give the estimates in accordance with his own judge-
ment. Hints also exist that interaction between experts at this stage may in-
crease overconfidence and thus produce poorer results (Morgan and
Henrion, 1990).

5.3.3.2 Methodology

The network model summarizes the current expert knowledge of PSPC of northern
Baltic salmon rivers. The model was constructed in cooperation with salmon experts
and aims to be compatible with experts’ lines of reasoning rather than to describe the
actual relationships of the nature in a detailed manner. Thus it describes a probabilis-
tic justification for the expert views of salmon smolt production.

The model consists of 10 variables (Figure 5.3.3.1), five of which describe or reflect the
external factors, physical and biological, to which salmon reproduction is exposed in
the reproduction rivers (chance of successful spawning, habitat quality of parr area, smolti-
fication age, mortality during migration, and size of production areas). Three variables
(parr density capacity, pre-smolt density capacity, and smolt production capacity) describe
the juvenile salmon stocks’ response to the external factors. The remaining variables,
expert and river, are auxiliary variables that enable handling of all the estimates in the
same model. The first two variables have five discrete classes. The lowest class (i.e.
very poor) is fixed to describe the situation in the poorest river in the northern Baltic
Sea area, and the highest class (i.e. very good) the best salmon production river in the
northern Baltic Sea. This relative scale is based on the fact that some part of the re-
quired knowledge is related to the intuitive understanding of experts who have spent
most of their careers in studying these populations. Current knowledge is based on
several small pieces of information, and the model here permits the experts to quan-
tify this knowledge as probabilities. The variable smoltification age does not aim to
reflect a distribution for the smoltification age, i.e. the percentage of parr that smoltify
at each age, but the modal smoltification age and uncertainty connected with it. The
minimum age of wild smolts in the rivers concerned is 2 years, which means that all
salmon juveniles contribute to the densities of older parr (age 1+ and older) prior to
smoltification. Dependencies between the variables (Figure 5.3.3.1) are described by
conditional probabilities. For example, there is a table that contains the probability
distribution of parr density capacity as a function of chance of successful spawning, habitat
quality of parr area, and expert. It states the probability distribution, i.e. the probabili-
ties of every possible value, of parr density capacity, given that e.g. the value of chance
of successful spawning is ““very good” and the value of habitat quality of parr area is
“good” and expert is “Expert 1. A probability distribution exists stating the prob-
abilities of different values of parr density capacity for every combination of values of
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the parent variables, in this case chance of successful spawning, habitat quality of parr
area, and expert. Standard probability calculus has been used to obtain the probability
distributions for carrying capacity, giving the results from the different experts an
equal weight. Hugin —software package has been used for calculation of probabilities.

Chance for Habitat Smoltifi- ortallty Size of
successful quality of cation age during production
spawning parr area migration area

\ / ;

Preden_sny Pre-smolt density
capacity capacity
Smolt production
capacity

Figure 5.3.3.1. Model structure. The solid rectangular nodes denote river-specific characteristics

which are estimated for each river separately by each expert; the elliptical nodes denote condi-
tional estimates on related input arcs, e.g. smolt production capacity depends on pre-smolt densi-
ty capacity, mortality during migration, and the size of production area. The dashed nodes denote
the auxiliary variables. The variables that are children of river are estimated separately for each
river; the variables that are children of “expert” include separate estimates from each expert (Uu-
sitalo et al., 2005).

5.3.3.3 Results

The model outputs are discrete prior distributions for the PSPC. Discrete distribu-
tions obtained directly from the model are difficult to use as such in further analysis.
Therefore suitable continuous parametric distributions have been used to approxi-
mate the shape of the exact distributions obtained from this model. Lognormal distri-
butions with median and coefficient of variation matching with the ones of exact
distributions have been used for approximation. Multiple experts were used to come
up with the priors for the set of rivers creates dependency between river specific
prior distributions. In other words, having new information about the PSPC in one
river will also change the perception of the PSPC of other rivers. This can be also seen
as automatic evaluation of experts: experts whose prior coincides well with the in-
formation implied by observations from a particular river will be given more weight
in the prior distribution of other rivers. This inherent correlation between river spe-
cific PSPC priors has been taken into account by approximating the prior distribution
of each expert separately by a lognormal distribution. The resulting probability dis-
tributions for the PSPC can be found in Table 5.3.3.1 and Figure 5.3.9.4.

It is important to note that these probability distributions based on expert opinions
only form the prior probability distributions for the PSPC. These priors will be up-
dated when fitting stock-recruit models to the available stock-recruit data (Section
5.3.9), obtained by combining the smolt production estimates (Sections 5.3.4 and
5.3.5) with the estimates of the marine survival (Section 5.3.8). If the egg-to-smolt
stock-recruit estimates for the Baltic salmon stocks appear to be informative, the
probability density functions for the PSPC will then be substantially updated. Such
an update can be expected in each assessment year as new data accumulates. The
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amount of annual change will depend on the amount of new data and the amount of
information contained in the data.

5.3.4 Mark-recapture analysis of smolt trapping data

Mark-recapture experiments combined with smolt trapping have been used in three
rivers (Tornionjoki, Simojoki and Savaran). Bayesian mark-recapture model proposed
by Mantyniemi and Romakkaniemi, 2002 have been used to analyse the data sets.
Simplified versions of the mark-recapture model (Bayesian Petersen method) are
used in cases when data has not allowed incorporation of daily variation in parame-
ters affecting trapping success.

5.3.4.1 Data

Mark-recapture data comprises of the number of untagged fish caught by the smolt
trap, the number of tagged smolts released upstream from the trap, and the number
of recaptured tagged smolts. These data are stratified according to different time in-
tervals, like days, or presented as annual totals. Environmental covariates (daily wa-
ter level and water temperature data) are also included into the analysis.

5.3.4.2 Methodology

The model structure is based on biological knowledge about the behaviour of salmon
smolts during their migration. For example, their tendency to form shoals is taken
into account by allowing catches to be more variable than in the case of independent
behaviour. Knowledge about the sampling design is also utilised in the model struc-
ture. For example, the fact that it may take several days for a tagged smolt to pass the
smolt trap again after the release is accounted for by modelling the mean and vari-
ance of the swimming speed of each marking group. A vague prior distribution is
used for population size when analysing smolt trapping data sets. Posterior distribu-
tions for model parameters are calculated with the help of MCMC simulation.

Key assumptions behind the model structure:

1) Smolts migrate in schools (shoals) rather than independently.

2) Tagged and untagged smolts have equal capture probability when passing
the smolt trap.

5.3.4.3 Resulis

The output of the mark-recapture analysis is a posterior probability distribution,
which formally includes all the information about the smolt abundance contained in
the mark-recapture data (see Sections 3.2.1 and 3.2.2). The smolt abundance estimates
will be used in combination with parr density estimates in Section 5.3.5.

5.3.5 Hierarchical linear regression analysis to estimate wild smolt production
of different salmon stocks

A relative index of parr density has been measured in many of the Baltic salmon riv-
ers. For some rivers, like Tornionjoki, Simojoki and Sédvaran, also smolt abundance
estimates are available. For these rivers it is possible to look at the relationship be-
tween parr density and corresponding wild smolt production using linear regression
analysis. By using a hierarchical structure based on assumed exchangeability of
stock-specific parameters it is possible to predict the smolt abundance for stocks for
which only parr density estimates are available.

Only for Pitedlven, Eman and Morrumsan, the smolt production estimates have been
obtained differently. In Pitedlven the number of eggs is estimated based on the num-
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ber and size of the females passing the fishladder at the powerplant station. Using an
egg-to-smolt survival rate of 1%, it is possible to estimate the corresponding smolt
producton four and five years later:

Pitedlven smolt forecast: = (0.01 * ((eggSY-4 * 0.62 ) + (eggSY-5*0.38)))

In Eman and Morrumsan the smolt production is predicted using densities of 0+ and
1+ parr in combination with survival rates from one-summer old parr to two- sum-
mer old parr to smolts.

Also the smolt production within the rivers of assessment units 5-6 are based on parr
density information, which together with expert evaluation about the size of the re-
production areas, survival from parr to smolt stage, etc. give rise to the numbers of
smolts.

5.3.5.1 Data

This model requires time series of parr abundance indices for all rivers considered,
and time series of smolt abundance estimates for as many rivers as possible. More
specifically, the annual number of sampling sites electrofished and the corresponding
estimated density of age 0+, 1+ and >1+ parr are needed. The number of sampling
sites is used as a measure of precision of the parr density. Medians of the posterior
distributions from mark-recapture analysis for smolt abundance are used as observa-
tions, and CVs of the posteriors are used as their measurement errors. In order to be
able to assume that the parameters of the linear model are exchangeable between riv-
ers, the smolt abundance of each river must be scaled down by the assumed produc-
tion area of the river. The prior distributions for the smolt production area of each
river are obtained from the domain experts by using the network model provided by
Uusitalo et al., 2005. Currently, parr density data from 12 rivers are used together
with smolt abundance estimates from Simojoki, Tornionjoki and Savaran.

5.3.5.2 Methodology

It is assumed that a linear model can characterize the relationship between the parr
density index and the smolt abundance based on the assumption that no density de-
pendent survival takes place in rivers of the Baltic Sea after the first summer. The pa-
rameters of this linear relationship can be learned or estimated for rivers for which
time series of both parr abundance indices and smolt abundance estimates are avail-
able. It is assumed that the parameters of the linear model are not equal in all rivers,
but instead they are assumed to be random draws from a distribution that character-
izes the variation between rivers. In addition, mean discharge of the river is used as
an explanatory variable for the slope of the linear model in each river. The residual
variance can be learned from the variance of the parameters between rivers that have
the necessary data. For rivers which have only parr abundance indices, the parame-
ters of the linear model are given prior distributions which include the between river
variability of the parameters and has the expected value predicted by the mean dis-
charge of the river. This reflects the assumption that the parameters of the linear
model are partially exchangeable between rivers. The model is described in detail in
ICES 2004b, Annex 2.

Key assumptions of the model:

1) Parr density estimates are proportional to the true parr density.

2) Survival and smoltification rates are not density dependent after the fry
stage.

3) Relative selectivity of electrofishing is equal in all rivers.
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4) Knowing the name of the river would not help in the estimation of river
specific survival rate. This means that rivers cannot be ordered based on
survival parameters by using prior information. This is the assumption of
exchangeability which in turn leads to the assumption that river-specific
parameters are random draws from a probability distribution describing
the variation in survival between rivers.

5.3.5.3 Resulis

This model produces posterior probability distributions for the annual smolt output
of each river, as well as estimates of relative parr abundances, survival parameters
and variation of survival parameters across rivers. The results of this analysis include
all the information about smolt abundance contained in the electrofishing and smolt
trapping data together (Table 5.3.5.1). Results indicate a substantial increase in smolt
abundance for the last years of this decade. This will be important information when
estimation the PSPC. For rivers Tornionjoki, Simojoki and Sévaran the results are
more informative than for the other rivers because of the availability of smolt trap-
ping data for these rivers. Smolt abundance estimates for 2005-2008 in Savaran are
much more precisely estimated than in other years because during those years, smolt
trapping data had been collected. These four years alone do not have much influence
on the river-specific slope parameter, but the situation will change in case smolt trap-
ping is continued in Sdvaran in future years. The distributions for the smolt abun-
dances will be used to fit the models to in subsequent analyses (Section 5.3.9).

5.3.6 Estimating M74 mortality for different wild salmon stocks

Tables 3.5.1 and 3.5.2 in this report indicate the frequency of M74 mortality in terms
of the percentage of females affected by M74 or the percentage of total yolk-sac-fry
mortality. For assessment purposes, however, we need to know the percentage of
mortality caused by M74 among the salmon offspring. These estimates allow us to
integrate M74 mortality within the population dynamics of the stock.

5.3.6.1 Data

Two different data sets have been used to calculate the mortality among alevins due
to M74 mortality. The first data set consists of data for 1006 females from the river
Simojoki, Kemijoki and Tornionjoki/Torneélven stocks. A summary of these data can
be found in Table 3.5.2. For each female it is indicated if the female suffered from the
M74 syndrome and the percentage of yolk-sac-fry mortality by its offspring, calcu-
lated on the basis of the proportion of alevins from each female that die. A second
data set consists of M74 information for 9 Swedish salmon stocks. A summary of
these data can be found in Table 3.5.3. The data series indicate the number of females
sampled and the number of females affected by the M74 syndrome for each year and
for each stock.

5.3.6.2 Methodology

The data are analysed using the same Bayesian hierarchical model as described by
Michielsens et al., 2006b. The probability of eggs surviving the alevin stage depends
on the probability of females being affected by M74. In case the females are not af-
fected by M74, it is assumed that the probability of the eggs surviving the alevin
stage is dependent on the ‘normal’ level of yolk-sac-fry mortality (M). If the females
are affected by M74 then either all offspring die or only part of the offspring die.

Because the degree of M74 mortality is assumed to differ across years and across
stocks, the model calculates the average survival from M74 mortality for each stock
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for each year. By separating the M74 induced yolk-sac-fry mortality from the ‘normal’
yolk-sac-fry mortality (YSFM), the model also removes the effect of the rearing envi-
ronment on the M74 mortality estimates. It is assumed that the ‘normal” YSFM can
differ between offspring from different females but that the variation between the
‘normal’ YSFM from offspring of females of the river Simojoki, Kemijoki and
Tornionjoki is the same as the variation in ‘normal’ YSFM between different years
and between different stocks. Based on this assumption it is possible to implement an
hierarchical model structure and use the estimated mean ‘normal’ YSFM and the as-
sociated variance among females to predict the ‘normal’ YSFM for years and stocks
for which no data exist which would allow to estimate the ‘normal’ YSFM. Similarly
for the M74 mortality it is assumed that this mortality can differ for each female and
that there is a mean M74 mortality across the different stocks for each year and a con-
stant variation across stocks over the years. This assumption allows to use a hierar-
chical structure across stocks and to predict the M74 mortality for stocks for which
there is no information on M74. Because the average M74 mortality across stocks is
year dependent, this methodology does not allow the prediction of future M74 mor-
talities.

5.3.6.3 Results

Figure 5.3.6.1 shows the estimates for M74 mortality (median and 95% probability
interval). These estimates have been compared against the data traditionally assumed
to approximate M74 mortality, i.e. the percentage of females with offspring affected
by M74 and the total average yolk-sac-fry mortality among offspring. In general the
percentage of females with offspring affected by M74 overestimates the M74 mortal-
ity due to the fact that part of the offspring will die due to normal yolk-sac-fry mor-
tality, unrelated to M74. In addition, not all offspring necessarily die when affected
by M74. Because of the decreasing trend in mortality among offspring of females af-
fected by M74, the data on proportion of females affected by M74 especially overes-
timates M74 mortality in recent years. Data on the total average yolk-sac-fry
mortality are much better at tracking the general trend but overestimate the actual
M74 mortality because these data do not distinguish between normal yolk-sac-fry
mortality and yolk-sac-fry mortality caused by the M74 syndrome. Table 5.3.6.1
shows the actual values of the M74 mortality for the different salmon stocks. Figure
5.3.6.2 represents the chance that the offspring of M74-affected females would die,
this examination being available for Simojoki, Tornionjoki and unsampled Atlantic
stock.

5.3.7 Hierarchical analysis of Atlantic salmon stock-recruit data

A hierarchical analysis of Atlantic salmon stock-recruit data has been undertaken to
come up with prior distributions for the steepness parameter of the stock-recruit
function for Baltic salmon stocks (Michielsens and McAllister, 2004).

5.3.7.1 Data

Until year 2008 assessment, data from river Ume/Vindel was used in the hierarchical
stock-recruit analysis together with the data from other Atlantic salmon stocks (ICES
2008a). This reflected the idea that by incorporating the stock-recruit data of at least
one Baltic salmon stock, the resulting probability distribution for steepness could be
used for any unsampled stock, including Baltic salmon stocks which may in certain
aspects differ from Atlantic salmon stocks from outside the Baltic Sea area. However,
because of this the stock-recruit parameters of river Ume/Vindel were not updated in
the full life history model and it resulted in major problems with some posterior es-
timates of Ume/Vindel stock-recruit parameters. As a solution to this problem,
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Ume/Vindel was removed from the stock-recruit analysis and it was treated similarly
in the full life history model as all the other Baltic stocks.

Consequently, the stock recruit analysis to obtain priors for the Baltic stocks is now
based on data only from Atlantic salmon stocks outside the Baltic Sea. This is deemed
justified since the stock recruit parameter values of Ume/Vindel were not extreme
compared to other Atlantic salmon stocks (ICES 2008a). It is an indication that the
range of values of stock recruit parameters obtained from outside Baltic may well
cover also the range of parameter values prevailing among Baltic stocks.

5.3.7.2 Methodology

A detailed description of the model used for the hierarchical analysis of stock-recruit
data can be found in Michielsens and McAllister, 2004. Because the Beverton-Holt
stock-recruit function has a much higher probability of being more suitable for Atlan-
tic salmon than the Ricker function (Michielsens and McAllister, 2004), the current
analysis will only be using this stock-recruit relationship.

5.3.7.3 Result

The results for the steepness parameter are presented in Table 5.3.7.1. For the Atlantic
salmon stocks within the Northern Baltic Sea area (assessment units 1 to 3), it is as-
sumed that the mean steepness across all Atlantic salmon stocks can be regarded as
the prior distribution for the mean steepness and that the variance of the steepness
among Atlantic salmon stocks can be used as the variance of the steepness of North-
ern Baltic salmon stocks. It is assumed that the mean steepness across all Southern
Baltic salmon stocks (unit 4 and 5) is lower than the mean steepness across the North-
ern Baltic salmon stocks but the variance in steepness across the southern stocks is
given the same prior probability distribution as for the northern stocks (Prévost et al.,
2003).

5.3.8 Sea mark-recapture model for assessing the exploitation of Baltic salmon

Based on various data from fisheries and the sea and spawning migration of salmon
it is possible to estimate population dynamics and harvesting of salmon from smolt
to spawner. This is dealt with under this section.

5.3.8.1 Data

For the mark-recapture model, fishing effort data and tagging data have been used.
The fishing effort data have been divided in separate coastal fishing efforts for stocks
of assessment unit 1 to 3 (Table 2.3.1). In this year’s assessment, the Swedish trapnet
effort in Subdivision 31 has been divided between assessment units 1 and 2 with re-
spective proportions of 45% and 55%. Table 2.10.1 gives an overview of the number
of tagged hatchery-reared and wild salmon released in rivers of assessment areas 1, 2
and 3. Swedish tagging data has not been available after 2005. Wild salmon have
been tagged only in assessment unit 1.

For several of the parameters needed within the assessment model, basic data is
fragmented and limited (e.g. tag reporting rates) or not simply not available (e.g. un-
derreporting of catches). Instead of using the common approach of relying on expert
opinions as such to extrapolate the data into parameter estimates, a more formalised
approach has been used. For each parameter within the assessment model, twelve
experts have been asked to provide a most likely value and a minimum and maxi-
mum value during a meeting at Bornholm in 2003 (ICES 2003). These expert opinions
were based on data obtained from previous studies done, on literature, on the ex-
perts” experience or were subjective expert estimations in case no other information
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was available. Preliminary analyses, used for the formulation of prior probability dis-
tributions, included among others information from the broodstock fisheries, double
tagging experiments, etc. Care has been taken to assure that the prior distributions
were not based on data used within the mark-recapture model in order to avoid us-
ing the same data twice and thus rendering the results too informative. In general,
these preliminary analyses gave often only a first indication of the model parameters
but expert opinion needed to be used for example to extrapolate it to the entire Baltic
Sea, or to other fisheries, etc. The use of multiple experts resulted in multiple priors
for the different model parameters. Model parameters such as the reporting rates of
tags are dependent on the country. As such, the probabilities distributions for each
country have been weighted by the country’s contribution to catches of wild and
hatchery-reared salmon production and arithmetic pooling of the priors has been ap-
plied (Genest and Zidek, 1986; Spiegelhalter et al., 2004). For other priors each expert
is assumed to have equal expertise, arithmetic pooling without weighting of the pri-
ors has been applied. A description of the different model parameters and their prior
probability distribution has been provided by ICES 2005.

5.3.8.2 Methodology

The mark-recapture model is run within the full life history model and a detailed de-
scription of this sub-model can be found in Michielsens ef al., 2006a. The main differ-
ence between the model used by WGBAST and the one presented in this paper is that
for the working group the model has been expanded to include assessment units 1 to
4 instead of only assessment unit 1. The main assumptions about the salmon stocks in
this mark-recapture model are:

1) The maturation rate for wild grilse is lower than that of the hatchery-
reared grilse (Kallio-Nyberg and Koljonen, 1997; Jutila et al., 2003).

2) The post-smolt mortality rate of hatchery-reared fish is higher than that of
wild fish (Olla et al., 1998; Brown and Laland, 2001) and the differences in
post-smolt mortality rates between wild and reared salmon for assessment
units 2 to 4 are the same as the differences between post-smolt mortality
rates for wild and reared salmon of assessment unit 1.

3) Post-smolt mortality rates differ from year to year (Salminen et al., 1995)
but the relative difference in post-smolt mortality rate between wild and
hatchery-reared fish is constant over years (Romakkaniemi, 2008).

4) The instantaneous natural mortality rate for adult salmon is assumed to be
the same for wild and reared salmon and constant over the years.

5) Itis assumed that all adults die after spawning.

6) It is assumed that the number of salmon mauled by seals in coastal areas
has increased annually by 5.5% between 1995 and 2001. Since 2003, the
number of salmon mauled by seals in coastal trapnets has fixed to 20% due
to improvements of the fishing gear.

The main assumptions about the fishery in the mark-recapture model are:

1) Stocks belonging to the same assessment unit experience the same harvest
rates.

2) Harvest rates between salmon stocks of assessment unit 1 to 4 mainly dif-
fer in the coastal fisheries and it is assumed that no coastal fishery exploits
the salmon of assessment unit 4.

3) The catchability coefficients for the different offshore and coastal fisheries
are assumed constant over the years.
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For each year, the model estimates different fishing mortality rates depending on the
fishery (offshore driftnet, offshore longline, coastal driftnet, trapnet and gillnet and
river fishery), depending on the age of the fish, and depending on whether it is a wild
or hatchery-reared fish.

5.3.9  Full life history model of different wild Baltic salmon stocks

Spawner abundance estimates has been obtained by using the wild smolt abundance
estimates of different rivers (Section 5.3.5) with similar population dynamics as
within the mark-recapture model (Section 5.3.8; Michielsens et al., 2006a; Michielsens
et al., 2008). By linking the derived egg abundance estimates with the wild smolt
abundance 4 years (in the case of Gulf of Bothnia stocks), 3 years (in case of assess-
ment unit 4 stocks) or 2 years (in case of assessment unit 5 stocks) later, it is possible
to estimate stock-recruit parameters. The resulting stock-recruit function makes the
loop between salmon generations and the estimates of abundance and survival pa-
rameters become updated across the time series. The resulting posterior distributions
are then used to assess the stock status and to predict abundance into the future.

5.3.9.1 Data

Both the total number of wild smolts (Table 5.3.5.1) and the number of released
hatchery-reared smolts (Table 3.4.1) are used as inputs into the model. The model is
also fitted to offshore, coastal and river catches. In this year’s assessment the Polish
catch has been calculated by multiplying Polish effort with combined Danish, Fin-
nish, Swedish and Latvian catch per unit effort. Because assessment unit 6 has not yet
been included in the model, the catches have been raised by the proportion of smolts
produced in assessment unit 6 in comparison to the total smolt production. In addi-
tion the model also uses the data on the proportion of MSW (multi-sea-winter)
spawners encountered in the rivers Tornionjoki, Kalixdlven, Byskealven,
Ume/Vindeldlven and Oreélven (Table 3.2.1.2) and data on the proportion of wild
versus hatchery-reared spawners within the river catches of the river Tornionjoki.

By linking the wild spawner abundance produced from the yearly smolt production,
with the smolt production 4 years after the year of spawning, it is possible to obtain
stock-recruit information for wild salmon stocks. For each stock, the estimated abun-
dances of spawners of different ages are multiplied with corresponding sex ratios
and fecundity values (eggs/female) in order to estimate the total number of eggs pro-
duced in each river in each year. The resulting number of eggs has been corrected for
the effect of M74 by multiplying the estimated number of eggs with the percentage of
yolk-sac-fry mortality due to the occurrence of M74 (Section 5.3.6). In case no M74
data have been available for certain river stocks, the predictions of M74 related yolk-
sac-fry mortality for unknown stocks are used. The resulting medians of the probabil-
ity distributions for the stock-recruit estimates can be seen in Figure 5.3.9.3. These
estimates are obtained prior to fitting the stock-recruit relationship. The same figure
also shows the medians of the posteriors obtained by fitting the Beverton-Holt stock-
recruit function to these estimates.

5.3.9.2 Methodology

The population dynamics for the total abundance of salmon is expressed by similar
equations as the population dynamics for the abundance of tagged salmon (Michiel-
sens et al., 2006a). In order to estimate salmon catches, the tag reporting rates within
the catch equation for tagged salmon have been replaced by the catch reporting rates.
The main model outputs are the estimated stock-recruit parameters i.e. the steepness
parameter and the PSPC’s.
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The model simultaneously models the tagged salmon population and the total
salmon population. For tagged salmon, the population equations account for tagging
induced mortality, tag shedding and underreporting of tagged salmon catches. Based
on the tagging data, the model is able to estimate maturation rates, natural mortality
rates, and harvest rates. These estimates are then used to model the total salmon
population based on the number of wild and released hatchery-reared salmon smolts.
In order to estimate the coastal and river catches, the corresponding equations ac-
count for possible underreporting of the salmon catches. The probability distributions
for the wild smolt abundance will be used as priors until the year for which the
model is able to calculate the smolt abundance using the estimated number of
spawners and the stock-recruit parameters. From that year onwards, the model can
be fitted to the smolt abundance estimates instead of using them as priors. The entire
model has thus been fitted to tagging data, catch data, data on the composition of the
spawning run and data on smolt and parr abundance.

The prior probability distributions of the smolt production capacity for the different
river stocks have been obtained by Uusitalo et al., 2005 (Section 5.3.3), based on expert
opinions. The prior distribution for the steepness in each river has been derived by
the hierarchical model described in Section 5.3.7. These priors become updated by the
full life history model taking account of the available data.

For assessment unit 5, the full life history model relies on the estimates of natural
mortality, maturation rates and exploitation at sea of the other units, in addition to
smolt abundance estimates and coastal catch. Because of the limited amount of data
available, the estimates obtained for unit 5 may not be as reliable as for the other
AU’s.

In this year’s assessment two changes have been applied in the model structure. Fish
ladder counts of spawners for river Kalixalven have been fitted with the amount of
spawners ascending to the river. Probability for a spawner to be observed in the
counter has been allowed to vary between years around a common mean. In addi-
tion, prior distribution for the river harvest rate (same for all rivers) has been changed
from Beta(1,5) distribution into Beta(1.6,6.4), which corresponds better the present
background knowledge.

5.3.9.3 Result

The results indicate a decreasing trend in the post-smolt survival and the lowest sur-
vival was estimated for salmon smolting in 2005 (Figure 5.3.9.1). Since 2005 the sur-
vival has increased and the 2007 survival was close to the same rates as in the late
1990s. However, the 2007 estimate is based on the data from fish which have so far
only partially recruited to the fisheries. In 2008 the survival seems to have decreased
again, but the 2008 estimate is based on very limited data (few tag returns from post-
smolts) and is considered to be unreliable.

The total wild smolt production has been clearly increasing in the AU 1-2, while in
the AU 3 and 5 the increase is not apparent (Figure 5.3.9.2). In the AU 4 the total
smolt production has been fluctuating and currently the production is lower than in
the beginning of the Salmon Action Plan (year 1997). Totally, the wild salmon pro-
duction in AU 1-5 has been gradually increasing in this decade and current (year
2008) production is about 2.5 million smolts.

The full life history model allows estimating the steepness of the stock-recruit rela-
tionship (Table 5.3.9.1) and the PSPC (Table 5.3.9.2) for different salmon stocks. Fig-
ure 5.3.9.3 gives an indication of river-specific stock-recruit data (only the median
values of the parameters are shown) by which the priors of stock-recruit parameters
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are updated in the model. The S/R curves added in the figure panels are rough ap-
proximations of posterior medians. The latest information about the recent spawner
and smolt abundance has resulted in some changes in the posterior probability dis-
tributions of the PSPCs compared to last year (Figure 5.3.9.4). Clearly the largest up-
date (downwards) is in the PSPC of Kalixdlven, in which the annual smolt and
spawner abundance estimates decreased as a result of adding the fish ladder data in
the model. The AU specific total PSPC estimates for the AU’s 1-5 did not significantly
change from the last year.

By comparing the posterior smolt production (Table 5.3.9.3) against the posterior
PSPC it is possible to evaluate the status of the stocks in terms of their probability to
reach 50 or 75% of the PSPC (Figures 5.3.9.5, 5.3.9.6 and 5.3.9.7, Table 5.3.9.4). Because
the TAC of 2010 will only affect smolt abundances beyond 2012, it is possible to
evaluate the probability for smolt production in 2010 to exceed 50% or 75% of the
PSPC in each river without considering catch options for 2010 (Table 5.3.9.4). Overall,
the probability to reach 50% and 75% of the PSPC is highest for the largest northern
stocks. For some stocks it is unlikely whether they will reach even 50% target. While
the most northern stocks show strong indication of recovery over the years, those
stocks within the AU 4-5 that had been depleted have been unable to recover. The
situation in the rest of the stocks falls between these extremes.

The model-estimated and observed catches in various fisheries are shown in Figure
5.3.9.8. The model captures well the overall historic fluctuation of catches in various
fisheries. An increasing trend in number of spawners is seen in the most of the rivers
(Figure 5.3.9.9.a-b). The model captures roughly the trends seen in the fish ladder
counts, but there are river specific differences in this respect. However, e.g. annual
variation in the river conditions affect the success of fish to pass through ladders and
therefore the ladder counts themselves are not ideal indices of spawner abundance.
The spawners abundance estimates are the most accurate in the rivers with smolt
trapping, i.e. where the smolt production is known with the best accuracy.

Harvest rate has been decreasing basically in every fishery (Figure 5.3.9.10.a—c). The
period with the largest decrease dates back to the mid-1990s, but there has been a
second decrease within this decade. The driftnet harvest rate in 2008 is larger than
zero, because the 2008 estimate actually consists of offshore fishing both in the last
months of the year 2007 and the first months of the year 2008.

Stock projection for different Baltic salmon stocks

In this section we describe the results of future projections of salmon abundances and
catches. Parameter estimates have been taken from the full life history model as an
input. Further, the stock projections are based on expert-determined fishing effort
scenarios and scenarios for future post-smolt survival and M74 mortality.

5.4.1 Methods

The Fisheries Library in R (FLR) framework (Kell et al., 2007) is used for the analysis
of future stock projections under different scenarios. The FLR framework aims to
provide a general tool to facilitate a multidisciplinary modelling work and fisheries
strategy evaluation. Both R and FLR are open-source software and are freely avail-
able. FLR is implemented using object-oriented programming (OOP). The idea is to
increase the transparency of modelling and facilitate exchangeability of programs
among users.

In FLR, the basic objects, or classes used to store fisheries data, are called FLQuants,
which is an extension of a multidimensional array in R. Arrays in R are easily trans-
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lated into FLQuants and vice versa, and so while the simulations are run using arrays
in R, the results of the simulations are analyzed using FLQuants taking advantage of
the graphic tools integral to FLR. The Baltic salmon FLR-model is using FLCore-
version 2.0-2 package, which provides a sixth dimension for iterations in the data
storage needed to represent uncertainty.

In order to make forward projections, the joint posterior distributions describing the
latest knowledge about the number of smolts and population parameters are stored
in the form of indexed MCMC chains. Up to the year 2008 the estimates stored within
the arrays are obtained from the stock assessment (Section 5.3) and the stock projec-
tions start from 2009 onwards. The arrays are 5 dimensional, storing parameters
about wild (reared) salmon by age, year, river (assessment unit), migration status,
and MCMC index.

5.4.2 Assumptions regarding development of fisheries and key biological pa-
rameters

Stock projections have been made for all stocks of AU’s 1 to 4. The joint posterior dis-
tribution describing the latest knowledge about the status of the stocks and popula-
tion model parameters was used as a basis for the forward projection. The population
dynamics for the stock projection analysis is similar to the full life history model but
lacks the process errors in survival parameters. Table 5.4.2.1 presents the key assump-
tions underlying the stock projections.

Working group members from each country were asked to provide their opinions
about the development of the fishing effort of each fishery compared with the effort
level in the year 2008 (Table 4.5.1). This information of country and fishery specific
efforts was used as the basis for the future stock projections together with the as-
sumption that catchabilities will remain the same as in the past (full life history
model estimates based on years 1987-2008, Figure 5.4.2.1a). In short-term scenarios
we assumed that all countries would simultaneously employ alternatively either
minimum, mode or maximum fishing effort (scenarios 1-3 in the Table 5.4.2.1, Figure
5.4.2.1b).

Two key parameters determining the survival of the salmon, i.e. post-smolt survival
(Mps) and survival from M74 mortality, were assumed to vary within the limits of
the observed range of values, but assuming the same autocorrelation structure as ob-
served in the past. The forward projection for Mps was started from the year 2008, as
the highly uncertain model estimates for Mps for 2008 were replaced with the simu-
lated values. Simulations were run for three different scenarios (Scenario a, b and ¢;
low, medium and high) for the post-smolt survival depending on the median to
which the Mps is expected to return. Figures 5.4.2.2 and 5.4.2.3 illustrate the post-
smolt survival rates over the years under the three scenarios and the scenario for
M74.

5.4.3 Results

According to the projections, stock size on the feeding grounds would be about 2.2
million salmon (wild and reared in total, excluding post smolts) at the beginning of
year 2010. Table 5.4.3.1 illustrates the estimated total catch, in commercial and recrea-
tional sea fishery. The reported commercial catch is approximated by incorporating
the underreporting factors (1.18 and 1.33) for longlines and trapnets respectively and
by assuming that the share of the commercial catch from the total catch is at the same
rate as in 2008 (84%).
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The results indicate that depending on the effort scenario the commercial reported
catch in year 2010 is 51-108% compared to TAC of 2009. Figure 5.4.3.1 illustrates the
development of future catches. Table 5.4.3.2 illustrates the probability to meet 50%
and 75% of PSPC in 2015 with different effort scenarios and by 2018 with the different
survival scenarios. The results show that under the effort scenario 3 (maximum ef-
fort) there is the highest probability not to achieve the PSPC targets. Especially the
weakest stocks have lower probabilities to meet the objectives if the maximum effort
scenario would become realized, compared to the other two scenarios in which either
modal or minimum effort would become realized. Figure 5.4.3.2a—c presents the river
specific annual probabilities to meet 75% of the PSPC assuming effort scenario 4
(56.4.3.2a, whole effort range), or alternatively effort scenario 1 (5.4.3.2b, minimum
effort) or effort scenario 3 (5.4.3.2c, maximum effort). In these simulations the sur-
vival scenario b (medium post-smolt survival) is assumed to occur. These scenarios
indicate further recovery of wild stocks except in the case of the maximum effort, in
which recovery is suppressed and the weakest stocks continue to have low probabil-
ity for reaching a smolt production target.

Figure 5.4.3.3a—d shows uncertainty and expected values of smolt and spawner ab-
undance for each river. Taking into account the whole range of uncertainty in the fu-
ture effort, most stocks will probably show increasing trend in abundance, but a few
river with low productivity (Eméan, Morrusan, Simojoki) may not recover from their
present status.

Figure 5.4.3.4a-b shows estimated harvest rates for offshore long line and coastal
trapnet fisheries (only presented for AU 1) with minimum and maximum effort sce-
narios. With minimum effort scenario, long line harvest rate stabilizes around 0.1 and
trapnet harvest rate around 0.2, whereas with maximum effort scenario harvest rates
are around 0.25 and 0.45, respectively.

Uncertainties affecting the assessment results

The main information on the exploitation of wild salmon in the Baltic comes from
mark-recapture data. The problem with these data is that it is geographically biased.
Since 2006 no Swedish tagging data have been available. This may have affected the
reporting rates of Finnish tags by Swedish fishermen, thereby affecting the quality of
the remaining tagging data.

The fishing effort of the Swedish coastal fisheries by trapnet and other gears (pre-
dominantly gillnet fisheries) for the entire time series have been based on the CPUE
of Finnish coastal fisheries.

Within the assessment model, the uncertainty in the effort figures have been incorpo-
rated by using a state-space formulation of the mark-recapture model, thus incorpo-
rating errors on the fishing effort into the process error.

Uncertainties expressed by the prior probability distributions of the model parameters

For rivers with a lot of data such as Tornionjoki, the prior probability distributions for
the smolt production capacity has been updated substantially, limiting the influence
of the expert based prior probability distribution for the smolt production capacity.
Other rivers such as the river Oreilven, for which not much data are available, the
smolt production capacity is primarily updated due to the correlation between the
smolt production capacity estimates of different rivers.

Prior probability distributions for the parameters of the sea mark-recapture model
have been provided by 12 experts based on previous studies, on literature, on the
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experts’ experience or were subjective expert estimations in case no other information
was available. A table with all prior probability distributions are described in Mi-
chielsens et al., 2006a. With exception of the prior probability distributions of the
catchability coefficients, the prior probability distributions for the model parameters
have been given rather informative distributions. The prior probability distributions
for hatchery-reared salmon are updated. The prior probability distributions for wild
salmon have not been updated much, thereby increasing the importance of the expert
opinion. Sensitivity analyses have indicated, as could be expected, that results are to a
large extent dependent on the prior probability distributions for the reporting rate
and biological model parameters and to a very limited extent on the prior probability
distributions for exploitation rates (Michielsens et al., 2006a).

Uncertainties regarding the model assumptions and model structures of the estimation model

Given the large number of different methodologies used for the assessment of Baltic
salmon stock, the model assumptions are described in the sections relating to the dif-
ferent methodologies. One major assumption made in the assessment methodology is
that the difference in post-smolt survival between wild and reared salmon is assumed
constant.

Walters and Korman, 2001 have pointed out that for depleted stocks when the
spawning stocks increase rapidly after long periods of low abundance, this may re-
sult in locally intense competition within those reproduction areas that are still being
used. This patchy habitat use may impose local density-dependent effects, which
may diminish in the longer run (after several generations) once spawners have dis-
persed to fully re-establish the natural or most productive structure of habitat use
(Walters and Korman, 2001). If this phenomenon is valid for the Baltic salmon popu-
lations, our analysis of the recent stock-recruit information underestimates long-term
(full) carrying capacity of the Baltic rivers.

Tag shedding and mortality

Possible sources of error in application of results from tagging experiments include
the question of differential mortality between tagged and untagged fish and when
this (possible) mortality occurs, also tag shedding (loss of tags) and whether this is
related to the size of the fish. Possible difference in growth rate of tagged and
untagged fish could be a problem. Reporting rate (proportion) of the tags caught in
different fisheries are also important pieces of information to be able to use tagging
data.

A considerable mix-up of these different factors is likely and in most cases it is diffi-
cult to keep the different factors apart.

It is vital for the tagging studies to have at least an overall estimate for tag shedding
rate. Some information on salmon can be found in the data from Swedish brood stock
fisheries in Gulf of Bothnia based on numbers of fish released in each year in 1987-
1998 and the number of fish recovered in year 1990-1999. It is assumed that all tags in
these fisheries are reported and therefore they can be used to elucidate the combined
effect of tag shedding and difference in mortality between tagged and untagged. If
the recovery rate in brood stock fisheries is compared with tag recoveries in rivers
and river mouth areas, data on reporting rates can be calculated.

It is assumed that the best dataset is available from River Daldlven, which has a me-
ticulous control of the number of the fish caught in the brood stock fishery. There is
also a very good organization of the angling in this river and the catch statistics in
this river is therefore assumed to be of particularly high class. The data from this
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river suggests that the tag shedding/mortality remove about 30% of the number of
tags.

Tag reporting rate

Tagging in Baltic salmon monitoring programs is mostly based on Carlin type of tags
relying on tag recoveries being reported by the public. Therefore it is vital that fish-
ermen find and report all tags. Some studies to estimate the reporting rate has been
carried out in the Baltic Sea and their results indicate an obvious unreporting.

Backiel and Bartel, 1967, working on sea trout, assumed that the increased mortality,
tag loss and incomplete discovery and/or return brought about an underestimation of
recaptures by ca. 15%. Debowski and Bartel, 1996, based on analysis of tagging ex-
periments in 1961 through 1986, estimated that underestimation of stocking effi-
ciency, which was caused by not reported tags and increased mortality of tagged
smolts was up to 40%. Decreasing trend in returns can be to some extent explained
also bycatch limits and the attitude of fishermen, who are afraid to return tags be-
cause they think, those tags can prove, to some extent, exceeded catch limits. In Po-
land, increase of reward paid to fishermen does not affect seriously returning rates.

In Denmark two high rewarded-tag sea trout release experiments were conducted in
1988. Increase in return rates were 10.2% and 62.5% respectively, depending on local
awareness and local fishing patterns. It is, however, doubtful if these results can be
extrapolated to the whole Baltic salmon fishery.

A larger Swedish dataset exists from the offshore fishery in the Main Basin. A fisher-
man at Gotland, assumed to be reliable on the basis of earlier experiences, agreed to
report all tags he found in the catches. When comparing the number of Swedish tags
that he found in his catches, to the total number of Swedish tags reported, some un-
derreporting from this fishery was indicated.

Observations from the offshore drift net fishery in the Main Basin in 2002, involving
observers on board two salmon fishing boats suggest that slightly less than 1% of
salmon caught is tagged with Carlin tags. This number may be compared to results
from other analysis, assuming equal number of recaptures of tagged salmon in all
samples of salmon.

Reporting rate may vary between countries. Comparison of reporting rates from two
countries fishing in the Baltic Main Basin indicates, that one country can report sig-
nificantly less than the other.

An experiment with different rewards for different tags (electronic Data Storage
Tags-DST’s) and conventional-Carlin tags, was conducted in the coastal fishery in the
Gulf of Bothnia in 1995-1997. For the DST tags it was clearly stated that a substantial
reward was offered. Clear differences in recapture rates were observed. However, it
was not ascertained that the two tag types were mixed, and the results should be
taken with caution. Nonetheless substantial differences in reporting were observed.

Comparing reporting rate from anglers in the Daldlven to observations in the brood
stock fishery data from Dalélven suggests that the reporting rate by anglers in the
river is about 80%.

In the Gulf of Finland studies from the late 1980s suggested that the reporting rate
varied between 40-75% (median 55%).

The return rates of sea trout taggings have decreased during the last ten years in the
Finnish sea trout taggings, both in the Gulf of Bothnia and Gulf of Finland (Figure
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5.6

7.4.1.1). However, the post-smolt survival estimates do not follow the decreasing
trend as steeply as is seen in tag return rates.

Uncertainties regarding the stock projections

There are differences between assumptions of the full life history model and the pop-
ulation dynamics model which is used in making predictions. These include: lack of
process error in the survival process; only process error in recruitment was modeled,
average values for M74 were used in the projection model instead of river specific
values used in the estimation model. Excluding process error from the predictive
model leads to results that are less variable than they would be if process errors in
survival were included. Deterministic survival process in forward projections may
underestimate the variation in probabilities to reach PSPC targets in predictions.

Conclusions of the assessment for the Main Basin and Gulf of Bothnia
stocks

5.6.1 General conclusions

There are significant regional differences in trends in smolt production (Figure
5.3.9.2). For the wild salmon populations of AU 1, the very fast recovery of smolt
production indicates high productivity of these rivers. Similar but less pronounced
population dynamics are estimated for the stocks of AU 2 and 3. Stocks of AU 4 and 5
have been more stable in smolt production and some of these stocks have even seen a
decrease in smolt abundance since the start of the IBSFC SAP in 1997. Even the
clearly decreased harvest rates in sea fishery have not been able to turn the trends in
smolt abundance, which suggests low productivity of these stocks. The most likely
reason for the low productivity of the southern stocks may lie either in the freshwater
conditions of the spawning rivers or in the regional differences in survival of post-
smolts in sea. Although the effects of these factors could not have been well assessed,
various information about the river conditions, migration obstacles, and tag recap-
ture rates support these hypothesis (Sections 2 and 3). However, there are fewer
sources of information to assess the stocks in AU 4 and 5, making our knowledge
about the status and development of these stocks less reliable than those for AU 1 to
3.

There is a general trend in the results indicating that post-smolt survival has lowered
over the years. In 2007, however, results suggest an increased survival (Figure
5.3.9.1). The reasons behind the long-term decrease in the estimated post-smolt sur-
vival are still unclear but the seal abundance, smolt production, and recruitment of 0+
and 1+ herring correlate with the survival indices of post-smolts (Section 4.4). The
estimated survival is particularly low in 2004-2006.

In most of the rivers posterior modes for the PSPC remained about the same com-
pared to last year (Figure 5.3.9.4, Table 5.3.9.2). However, some increase can be seen
in the PSPC estimate of Tornionjoki and some decrease in PSPC estimate of Ka-
lixdlven The AU specific sums of PSPCs, however, remained the same compared to
last year’s assessment (ICES 2008b). In total, the rivers of the units 1-5 are estimated
to be able to produce about 3.5 million (2.6-5.1 million) smolts, and the current pro-
duction is about 70-75% of it.

Because the management decisions for 2010 will only affect smolt abundances be-
yond 2012, it is possible to evaluate the probability that the smolt production in 2010
exceeds 50% and 75% of the carrying capacity in each river without considering catch
options for 2010. When describing the status of the different stocks in comparison to
these reference points, we consider a smaller than 30% probability to achieve this ob-
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jective as an indicator that it is unlikely for the stock to achieve this objective. When
the probability is higher than 70% and 90%, it is respectively considered ‘likely” and
‘very likely’ that the stock will reach the objective, while with probability between 30
and 70%, it is considered ‘uncertain’ whether the objective will be reached (Table
5.3.9.4).

There are few changes in the river specific probabilities to reach the target smolt pro-
duction compared to the last year’s analysis (Table 5.3.9.4). In AU 2 four stocks
(Abyilven, Pitedlven, Byskeilven and Ume/Vindelilven) have slightly higher prob-
ability to reach 50% or 75% of the PSPC in 2010 (Figures 5.3.9.6 and 5.3.9.7). For other
rivers in AU 1-5 the probabilities to reach PSPC targets have not changed. There are
altogether 10 rivers which area likely (however not very likely) reach the 75% of
PSPC in short term. For the rest 17 rivers it is uncertain or unlikely to reach the 75%
of PSPC.

5.6.2 Effort and post-smolt survival scenarios

In short term (2010) the catches and number of spawners under different scenarios
are presented in Table 5.4.3.1. The highest effort would result in about 128 000
spawners and lowest effort 203 000 spawners. The long term (years 2015 and 2018)
impacts of the different effort scenarios under different Mps regimes are presented in
Table 5.4.3.2. Results suggest that if the scenario with highest effort rates would be
realized, it would decrease the probability to reach PSPC objectives in most of the
rivers in comparison with the modal or minimum effort scenarios. Realization of mo-
dal or low effort scenarios would result high probabilities to reach PSPC objectives in
most of the rivers and the probabilities are about the same on both of these scenarios.
Alternative Mps scenarios differ only slightly from each other in terms probabilities
to reach PSPC objectives.

In general in most of the rivers the number of spawners and consequently the num-
ber of smolts will increase to higher numbers than observed in the last 20 years if the
expected effort and medium Mps will be realized. However, in Morrumsan and
Eman a decreasing trend may continue if efforts will develop as expected (Figures
5.4.3.3.a-d).
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Table 5.3.2.1 Overview of the different types of data available for the different Baltic salmon
stocks. The table also indicates for which stocks the current assessment methodology is estimat-

ing smolt abundance, spawner abundance and associated stock-recruit function.

River identification Data Estimates
3 2 % 2 glel. |« A ol w »
2 § El5 22,8 |88 |2 |2l |2 leelzged| 2
2 2 18l 3|02l |Bs|E| 2|58 8 |2 |58lcE|ic|ns
|1 = = = o |c = = sl hd
g S|C|T B |Z e EfE ET 287" §7¢ B
Assessment group 1: North-eastern Bothnian X X X
4 Réne alv 31 w SE X X X X
3 Kalix alv 31 W SE X X X X X X X X
1 Tornionjoki; Torne &lv 31 W  FIUSE X X X X X X X X X X X
81 Simojoki 31 w Fl X X X X X X X X X X
82 Kemijoki 31 R Fl X X X
80 lijoki 31 R Fl X X
77 Oulujoki 31 R FI X x
Assessment group 2: North-western Bothn X X X
6 Pite alv 31 W SE X X X X
7 Aby alv 31 w SE X X X X X X
8 Byske alv 31 w SE X X X X X X
11 Rickledn 31 w SE X X X X
12 Savaran 31 W SE X X X X X X X
13 Ume/Vindelélven 31 w SE X X X X X X X X X X X
15 Ore dlv 31 w SE X X X X X
16 Logde alv 31 w SE X X X X X
5 Lule alv 31 R SE X X X X
10 Skellefte alv 31 R SE X X X X
Assessment group 3: Bothnian Sea X X X
21 Ljungan 30 W SE X X X X X X
17 Gide alv 30 R SE X
19  Angerman alv 30 R SE X X X X
20 Indals alv 30 R SE X X X X
24 Dal &alv 30 R SE X X X X
22 Ljunsnan 30 R SE X X X X
70 Kokemaenjoki 30 R Fl
69 Aurajoki 29 R Fl
68 Paimionjoki 29 R Fl
River identification Data Estimates
> x 2 2| s o |x @ 2 »
2 % |, g lEs 5|5 8B 5|2 |-t 8
Nr River 2 2 S |03 |5zl S | 2|B|828 8|2 |23|2E|zE(5¢
8 5 S[B°|2 (5% 5 5|22 8|8 (887555 8
3} @ z E|E|= |8 |z |9 a
Assessment group 4: Western Main Basin X X X
25 Eméan 27 w SE X X X
27 Mérrumsén 25 W SE X X X X X X X X X
Assessment group 5: Eastern Main Basin X X X
53 Parnu 28 W EE X X X X X
52 Salaca 28 W Lv X X X X X X
51 Vitrupe 28 W LV X X X
50 Peterupe 28 w Lv X X X
49 Gauja 28 w LV X X X X X
48 Daugava 28 w LV X X X X X
46 Irbe 28 w Lv X X X
45 Venta 28 W LV X X X X
44 Uzava 28 w Lv X X X
43 Saka 28 w Lv X X X
42 Barta 28 W LVILT X X X
40 Minija 26 w LT X X X X
39 Nemunas 26 W LT X X X X
47 Lielupe 28 R Lv X
Assessment group 6: Gulf of Finland
64 Neva 32 w RU X X
63 Luga 32 W RU X X X
61 Kunda 32 W EE X X X
60 Selja 32 w EE X
59 Loobu 32 w EE X
56 Pirita 32 w EE X X
55 Keila 32 W EE X X X
54 Vasalemma 32 w EE X
67 Karjaanjoki 32 R Fl
62 Narva 32 R RUEE
Total Baltic
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Table 5.3.3.1 Prior probability distributions for the smolt production capacity (* 1000) in different
Baltic salmon rivers. The prior distributions are described in terms of their mode or most likely
value, the 95% probability interval (PI) and the method on how this prior probability distribution
has been obtained. These priors will be updated when fitting the Beverton-Holt stock-recruit
function to the available stock-recruit data (Section 5.3.9).

Smolt production capacity (thousand) Method of
Mode 95% PI estimation

Assessment unit 1
1 Tornionjoki 690 246-6819 1
2 Simojoki 39 15-384 1
3 Kalixalven 240 143-2779 1
4 Ranedlven 26 10-294 1
Total assessment unit 1 1598 589-8255

Assessment unit 2
5 Pitealven 30 7-369 4

Abyalven 6 3-119 1

7 Byskeélven 75 31-879 1
8 Ricklean 3 1.0-31 1
9 Sévarén 2 0.6-30 1
10 Ume/Vindelalven 95 86-1330 3
11 Oreédlven 5 4-160 1
12 Loégdeélven 17 7-289 1
Total assessment unit 2 492 238-2221

Assessment unit 3
13 Ljungan 2 0.8-27 1
Total assessment unit 3 2 0.8-27

Assessment unit 4
14 Emén 15 11-21. 4
15 Morrumsan 920 66-128
Total assessment unit 4 105 79-145

Assessment unit5
16  Parnu 35 2.2-6.2 2
17  Salaca 30 26-35 4
18  Vitrupe 4 2.6-7.2 4
19 Peterupe 5 3.2-9. 4
20 Gauja 28 18-51 4
21 Daugava 10 6.-18 4
22 Irbe 4 2.6-7.2 4
23 Venta 15 10.-27 4
24  Saka 8 5.-14 4
25  Uzava 4 2.6-7.2 4
26 Barta 4 2.6-7.2 4
27 Nemunas river basin 150 96-269 4
Total assessment unit 5 291 218-395

Method of estimation of smolt production capacity

1 Bayesian modelling of expert knowledge (Uusitalo et al. 2005)

2 Accessible linear stream length and production capacity per area

3 Bayesian hierarchical stock-recruit analysis of Atlantic salmon stocks (Michielsens and McAllister 2004)
4 Expert opinion with associated uncertainty
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Table 5.3.5.1 Prior probability distributions for the wild smolt production (* 1000) in different
Baltic salmon rivers. The prior distributions are described in terms of their mode (i.e. most likely
value), the 95% probability interval (PI) and the method on how these prior probability distribu-
tion have been obtained. These priors will be updated in Section 5.3.9.

Wild smolt production (thousand) Method of
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 estimation

Assessment unit 1

1 Tornionjoki 61 73 64 74 80 80 124 198 128 99 8 120 202 606 819 617 610 634 635 691 746 1063 1221 1532 134
ol S8A7 4629 3626 4BR4 S50 SMS 6496 BI3H 61234 6153 STM4 85185 51278 455.630 636000 500763 AT0-BSL 49267 492833 527981 569020 B35S 9531527 160-2365

2 Simojoki 2 2 9 10 8 13 9 9 2 1 2 7 1 4 53 52 50 35 26 35 33 39 22 25 134
o5wPl 14 03 Fs20 Tso Fas P12 Fosm P52 13 03 15 P4l F 620 2672 3586 3584 3484 2268 U40 2355 2247 2662 LR 292

3 Kalixalven 9% 65 60 57 98 79 133 79 77 76 50 85 188 279 287 280 241 313 448 396 573 426 532 567 14
osPl 4501 20585 23455 21207 37622 32414 S5 20451 31430 27421 D265 35466 651299 19-M00 UBOS PLI67 103127 BAKGI B12424 TLH37 247.2800 B2-2043 225261 248-3339

4 Rénediven 4 3 4 2 2 3 3 3 1 1 2 5 8 14 16 11 9 15 21 17 25 27 22 22 14
95wl 1443 1252 0281 08 0-B5 099 073 089 024 07 0B ¥ 137 F 265 7495 606 ¥ 389 ¥ 367 ¥ 599 M6  6B3 D56 LBS  9M4 D193

Totalassessmentunitl 164 146 147 154 197 189 284 317 229 189 152 231 416 997 1249 1014 974 1052 1174 1208 1438 1641 1902 2333
o5l 10080 0664 94532 D305 ST D250 187892 204700 U756 23534 D0-368 7606 272128 726-20819312333 7692075 7231851 7702276 333U 8502710 997-3651 R12-3234 BIA-3947 1679-5173

Assessment unit 2

5 Pteaven 0 0 1 1 1 1 1 1 3 3 5 6 4 5 18 12 7 9 7 21 29 26 18 18 5
o5P! 07 o6 02 0z 02 o0z 02 02 17 17 22 T3u 2B 22 T943 T 628 T3y ¥4zl ¥ 4B B3 666 BR 936 936

6 Abyalven 1 1 1 1 1 2 3 4 2 2 3 4 3 6 9 6 4 4 3 2 8 12 8 8 14
5P 025 021 0% 0B 022 022 047 7144 020 023 032 7135 028 T 150 7260 7 145 7132 7 133 025 022 7 2% 7 a0 261 261

7 Byskeaven 12 10 9 8 10 12 30 15 16 16 17 30 41 58 66 50 45 46 64 76 99 83 74 77 14
osp! 4m6 73ss T om ¥ o2ss Fots P32 nme  4b3 602 P 698 602 LB6 5265 25208 29335 22272 B224 B241 2635 34364 4458 37404 34360 33470

8 Rickledn 006 003 002 001 000 000 000 000 002 00l 001 001 002 003 009 012 015 009 014 004 018 009 009 009 1
ospl 0B 08 06 03 02 01 01 01 03 02 03 03 04 04 07 08 08 07 07 05 o 07 07 o8

9 Savarén 08 04 03 05 03 07 05 03 03 02 02 09 07 10 11 10 14 15 38 30 32 46 30 33 134
ospl 029 021 oy om o0m 08 08 06 06 05 08 0L 0D 0N 02 0B  0M 0M 25 23 24 36 om o020

10 Ume/Vindelaiven 14 5 9 10 16 8 8 10 8 3 6 9 31 8 35 72 9 48 72 52 64 87 64 46 14
oswPl 4m3 2208 2280 3220 517  2%2 2208 212 267 041 15 274 6371 24795 438 31586 36801 .35 26404 20372 25450 35557 26415 5350

11 Orealven 06 02 02 01 00 01 01 00 00 01 01 02 02 03 04 04 05 11 09 08 15 09 09 06 14
osPl 0% 032 024 0B O0M 05 0B 02 01 02 02 0% 08 022 02 026 032 039 033 034 044 039 035 037

12 Logdeaven 06 04 03 03 02 03 07 04 04 07 05 13 17 21 33 25 20 27 38 52 53 48 37 36 14
95wPI 021 om om 09 07 08 0B  om 09 0B 02 021 023 026 034 031 028 029 036 145 146 142 036 038

Totalassessmentunit2 55 33 36 33 46 36 71 51 45 39 49 73 122 207 183 202 185 159 204 216 291 295 225 250
95wl 2030 22:3% A7 B274 22233 B2W 33374 23249 22-86 -3 25205 38321 59-685 DSIO6 DL769 106-693 18-S 81667 17980 1770 6126 BIUU D2-DU D466

Assessment unit 3

13 Lungan 016 011 016 029 041 020 020 016 004 008 024 028 043 072 0.62 0.42 0.25 018 0.23 019 0.54 0.29 015 033 14
oswp ov o om om oM oD 02 09 06 08 0 0N OV 02 0B 0K 03 03 09 07 0B 02 00 0B
Total assessment unit 3 016 011 016 029 041 020 020 016 004 008 024 028 043 072 0.62 0.42 0.25 018 0.23 019 0.54 0.29 015 033
oswpn ov om om o2 oM oD 02 09 06 08 0 0N OV 02 OB 0K 03 03 09 07 0B 02 0D 0B
Wild smolt production (thousand) Method of

1987 1983 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 estimation

Assessment unit 4

14 Eman 5 5 5 15 5 5 3 3 4 4 4 5 3 3 3 3 3 3 1 2 3 3 4
95% PI 387 387 387 W22 367 337 224 1837 296 255 296 367 224 224 224 1837 234 234 0414 135 1554 1554

15 Morrumsan 120 120 120 100 90 60 30 35 60 60 76 98 70 68 55 76 50 65 87 38 44 44 4
95% PI 8678 8680 B6-B0 7250 6435 4300 2245 2552 43.90 4390 SIU4 7047 5005 4902 3982 SAID 4066  AT79 6499 2047 358 3553

Total assessment unit 4 125 125 125 116 95 65 33 38 64 64 80 103 73 71 s8 78 53 68 62 40 48 48
95% PI 9LBS 91BS OLBS 8655 69-M0 4705 24.48 2055 4794 4693 SO.IB 7552 5308 SMD4 4285 M6 4260 5083 4491 3250 3060  39.60

Assessment unit 5

16 Parnu 3 2 1 01 01 01 0 0 0 0 0 0 34
95% PI 136 09m 045 005 005 005 00 00 00 00 00 00

17 Salaca 22 15 15 20 20 20 27 19 29 27 25 10 27 30 17 25 2
95% PI B3 D25 D25 W33 W33 2048 B4 B31 2048 B4 D41 7B Ba4 2049 229 T4l

18 Vitrupe 2 2 2 2 2 1 1 1 5
95% PI 15 115 15 115 115 0623 0623 0623

19 Peterupe 2 2 2 2 2 2 1 1 25
95% PI 15 15 15 115 115 115 0623 0623

20 Gauja 13 138 14 14 13 13 13 12 12 12 10 10 10 10 10 25
95% PI 922 922 923 923 922 922 92 8 W25 025 7y 77 10 7y 10

21 Daugava 2 2 2 2 2 2 1 1 56
95% PI 15 15 15 115 115 115 0623 0823

22 Ibe 5 5 5 4 5 2 2 2 5
95% PI 282 282 282 229 282 15 15 1§

23 Venta 10 10 10 10 10 10 8 8 25
95% PI 6® 68 6B 6B 6B 6B 55 55

24 Saka 2 2 2 2 2 2 2 2 5
95% PI 1336 1336 1336 1336 1336 1336 1336 1335

25 Uzava 2 2 2 2 2 2 1 1 5
95% PI 15 1§ 1S 115 115 115 0623 0623

26 Barta 2 2 2 2 2 2 1 1 5
95% PI 15 1§ 1S 115 115 115 0623 0623

27 Nemunas river basin 0 10 10 10 10 10 2 7 6 4 2 5 7 6 14 15 34
95% PI 8222 82123 82124 8215 8226 8227 1827 5885 5074 335 1827 426 5886 5074 923 025

Total assessment unit 5 87 87 78 61 80 78 65 76
95% PI 71608 714109 64298 5174 66400 64898 SAT78 6196

Method of estimation of prior pdf of current smolt production

1. Bayesian linear regression model (see section 6.3.5)

2. Sampling of smolts and estimate of total smolt run size.

3. Estimate of smolt run from parr production by relation developed in the same river.
4. Estimate of smolt run from parr production by relation developed in another river.

5. Inference of smolt production from data derived from similar rivers in the region.

6. Estimate infered from stocking of reared salmon in the river
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Table 5.3.6.1 Median values and coefficients of variation of the estimated M74 mortality for different Atlantic salmon stocks (1985-2008).

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Simojoki 2 1 1 2 1 1 38 60 53 66 51 62 7 42 28 27 18 1 1 1 3 13 8 7
cv 104 114 114 109 119 112 019 015 017 009 017 012 032 012 021 023 025 057 063 096 059 031 045 0.96
Tornionjoki 78 54 8 39 23 26 27 0 1 1 4 5 14 7
cv 0.06 0.10 041 021 022 023 028 08L 109 151 061 053 048 0.96
Kemijoki 22 17 7
cv 0.30 0.38 0.97
Luleéalven 49 59 46 34 38 12 5 23 15 15 5 1 2 0 9 15 8
cv 0.16 0.06 013 020 015 034 022 015 0.16 026 052 046 047 069 025 017 0.31
Skelleltealven 35 46 51 33 56 5 4 28 10 10 3 2 0 1 2 10 1
cv 023 011 014 022 016 045 055 020 033 037 061 058 162 090 065 038 1.06
Ume/Vindel &lven 217 11 13 10 8 16 34 64 78 66 46 57 11 13 35 30 19 5 4 2 0 3 10 3
cv 040 042 042 043 051 041 019 0.16 007 013 020 015 037 035 018 0.18 029 055 049 075 132 056 0.38 0.63
Angermanalven 42 69 49 31 47 7 4 19 15 13 6 3 2 1 13 21 12
cv 0.17 0.07 015 021 017 037 049 019 020 029 053 043 060 064 028 020 0.34
Indalsélven 3 4 5 4 2 4 6 38 65 53 28 48 7 1 14 15 4 3 1 0 1 9 12 13
cv 047 042 042 042 053 044 027 017 006 013 021 015 036 056 021 020 041 055 056 1.63 064 029 024 031
Ljungan 52 77 42 37 26 9 9 19 12 6 6 2
cv 021 013 023 024 029 047 052 033 052 069 059 1.05
Ljusnan 1 1 0 1 0 0 13 29 67 48 37 53 7 7 28 18 23 5 4 0 1 12 11 7
cv 105 112 112 110 118 1.09 026 021 007 014 020 015 0.37 034 021 019 027 055 043 160 125 0.30 032 042
Dalalven 15 5 5 11 6 5 17 65 76 42 37 43 12 13 23 19 17 5 4 2 2 9 13 6
cv 039 057 049 041 050 058 025 0.16 007 015 023 016 035 025 020 0.18 029 053 042 056 051 027 024 041
M&rrumsan 25 25 33 25 30 37 47 46 79 54 41 42 7
cv 038 039 038 038 037 038 017 0.19 0.07 021 024 022 047
Unsampled stock 7 6 6 7 5 6 24 46 68 51 36 46 9 11 24 19 15 3 3 1 2 100 14 7
cv 0.93 1.02 1.01 097 107 098 055 036 022 028 039 032 066 080 049 057 0.61 0.83 103 152 121 071 068 0.96
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Table 5.3.7.1 Mean and CV for the posterior probability distribution of the steepness for the
Beverton-Holt stock-recruit function for Atlantic salmon. The posterior predictive distribution for
an unsampled Atlantic salmon stock is used as a prior probability distribution for any unsampled

Atlantic salmon stock in the Baltic Sea area.

Posterior distributions

Stock mean CcVv
Little Codroy river 0.79 0.13
Margaree river 0.66 0.19
Pollett river 0.74 0.14
Trinite river 0.79 0.13
Western Arm Brook 0.64 0.23
river Bush 0.70 0.19
river Ellidaar 0.72 0.19
river Oir 0.70 0.19
river Bec-Scie 0.67 0.19

Unknown Atlantic salmon river 0.71 0.20

| 163



164 | ICES WGBAST REPORT 2009

Table 5.3.9.1 Posterior probability distributions for the steepness and alpha and beta parameters
of the Beverton-Holt stock-recruit relationship for different Baltic salmon stocks. The posterior

distributions are described in terms of their mean and CV (%).

Steepness Alphaparameter Beta parameter

Mean cv Mean cv Mean cv
Assessment unit 1

1 Tornionjoki 0.67 14 47 26 0.001 24

2 Simojoki 0.44 24 211 32 0.012 35

3 Kalix&lven 0.82 10 22 42 0.001 38

4 Raneélven 0.68 16 49 47 0.017 53
Assessment unit 2

5 Pitedlven 0.81 9 19 39 0.038 26

6 Abyalven 0.72 17 40 64 0.064 42

7 Byskeélven 0.77 13 26 54 0.007 35

8 Rickle&n 0.63 19 68 46 0.230 147

9 Savarén 0.65 18 61 49 0.131 56

10 Ume/Vindeldlven 0.90 6 8 48 0.005 36

11 Oredlven 0.63 17 62 40 0.051 72

12 Légdeélven 0.68 16 47 45 0.043 62
Assessment unit 3

13 Ljungan 0.66 23 64 79 0.436 63
Assessment unit 4

14 Emén 0.34 21 392 17 0.033 37

15 Morrumsan 0.45 26 175 40 0.008 31
Assessment unit 5

16 Parnu 0.24 10 3373 31 0.05 58

17 Salaca 0.51 28 86 58 0.02 25

18 Vitrupe 0.49 27 105 59 0.18 35

19 Peterupe 0.48 27 117 54 0.15 38

20 Gauja 0.45 27 137 46 0.03 42

21 Daugava 0.43 26 149 43 0.07 41

22 Irbe 0.49 30 90 64 0.13 28

23 Venta 0.51 27 96 62 0.05 32

24 Saka 0.44 26 146 44 0.09 42

25 Uzava 0.49 27 106 58 0.18 36

26 Batra 0.49 27 106 58 0.18 35

27 Nemunas river basin 0.36 22 276 26 0.00 42
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Table 5.3.9.2 Posterior probability distributions for the smolt production capacity (*1000) in dif-
ferent Baltic salmon rivers. The posterior distributions are described in terms of their mode or
most likely value, the 95% probability interval (PI), the method on how the posterior probability
distribution has been obtained. These estimates serve as reference points to evaluate the status of
the stock This table also shows the mode as estimated by last year’s stock assessment and how
much the estimated mode has changed compared to last year.

Smolt production capacity (thousand) Method of Last year’s Mode % change
Mode Median Mean 95% PI estimation
Assessment unit 1
1 Tornionjoki 1318 1427 1506 962-2541 1 1160 14%
2 Simojoki 45 55 60 28-131 1 40 14%
3 Kalixalven 812 968 1099 551-2292 1 1003 -19%
4 Ranedlven 29 57 75 25-206 1 35 -16%
Total assessment unit 1 2468 2615 2740 1824-4195 2457 1%
Assessment unit 2
5 Piteélven 22 25 26 16-45 1 22 -1%
Abyalven 13 15 17 F 733 1 14 -9%
7 Byskealven 121 143 159 82-330 1 123 -2%
8 Rickledn 6 10 10 0-28 1 9 -35%
9 Savarén 6 8 9 F o319 1 3 92%
10 Ume/Vindelalven 158 189 207 94-429 1 110 43%
11 Oredlven 16 20 21 T 544 1 14 15%
12 Logdealven 15 23 31 r o897 1 17 -12%
Total assessment unit 2 429 458 480 308-774 425 1%
Assessment unit 3
13 Ljungan 1 2 3 0-14 1 1 -14%
Total assessment unit 3 1 2 3 0-14 1 -14%
Assessment unit 4
14 Eman 14 15 15 ¥ 10-20 1 15 2%
15 Morrumsén 80 83 84 62-115 1 82 -2%
Total assessment unit 4 96 98 100 77-131 98 -2%
Assessment unit 5
16 Parnu 3,5 3,7 3,9 2-6 2 3,5 0%
17 Salaca 30 30 30 25-35 3 30 0%
18  Vitrupe 4 4 4 2-6 3 4 0%
19 Peterupe 5 5 5 3-8 3 5 0%
20 Gauja 24 26 27 15-44 3 24 0%
21  Daugava 9 10 10 ¥ 517 3 9 0%
22 Irbe 5 5 5 3-7 3 5 0%
23 Venta 14 15 16 F 10-24 3 15 -4%
24  Saka 7 8 8 Fo413 3 7 0%
25  Uzava 4 4 4 2-6 3 4 0%
26 Barta 4 4 4 2-6 3 4 0%
27 Nemunas river 148 159 165 94-271 3 153 -3%
Total assessment unit 5 268 275 284 213-393 275 0%

Total assessment units 3379 3499 3607 2613-5131 3451 -2%
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Table 5.3.9.3 Salmon smolt production in Baltic rivers with natural reproduction of salmon grouped by assessment units. Most probable number (x 1000) of smolts from natural
reproduction with the associated uncertainty (95% Probability interval).

Method of
Assessment Reprod. [ Potenti Pred Pred estimation
unit, sub- Cate| area (ha, al 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Pot. Pres.
division, country [gory| mode) |(*1000) prod. prod.
Gulf of Bothnia, Sub-div. 30-31:
Finland
Simojoki wild 254 45 3 5 7 10 23 44 46 49 39 32 36 34 41 38 34 1 1
95% PI 218-299 | 28-131 1-4 3-8 412 6-16 16-38 | 3261 | 34-65 | 37-71 | 2856 | 23-45 27-49 26-46 30-56 25-60 2259
Finland/Sweden
Tornionjoki;Torneélven| wild| 4997 13176 98 70 126 218 533 698 618 626 628 644 770 818 1056 1184 1001 1 1
95% PI 3877-6695 | 962-2541 | 72-148 | 50-106 | 94-172 | 168-282 | 425-690 | 552-873 | 522-763 | 497-826 | 503-812 | 522-812 | 596-1007 | 644-1058  837-1376 949-1518 655-1753
Sweden
Kalixalven wild| 2570 812 102 77 166 337 530 611 539 467 511 632 685 713 725 755 740 1 1
95% PI 2062-3295 | 5512292 | 56.226 | 40-185 | 91-327 | 209-635 | 363-1086| 398-1361 341-1197 292-946 318-1099| 411-1460  447-1546 | 448-1782 449-1785 459-1939 428-2021
Ranedalven wild 384 29 5 4 10 14 19 25 24 18 20 23 28 30 36 36 33 1 1
95% PI 325-462 | 25206 1-20 1-15 4-29 7-36 10-47 | 1454 | 1350 | 9-41 10-42 | 13-54 16-61 17-67 20-78 19-81 17-77
Assessment unit 1, total 2468 222 168 324 597 1152 1419 1278 1201 1246 1392 1573 1674 1948 2102 1940
95% PI 1824-4195|159-353 118-274 231-486 443-887 931-1700 1127-21331018-1890 955-1672 989-1825 1104-2190 1228-2446 1271-2729 1542-3009 1660-3269 1402-3263
Pitedlven wild 425 22 3 3 4 5 6 15 15 12 14 13 19 22 23 20 21 1 1
95% PI 359-511 16-45 1-6 26 2-8 39 311 1023 | 923 7-20 9-22 8-22 13-27 14-37 16-37 14-31 12-39
Abyélven wild 84 13 3 3 5 7 9 11 11 9 9 9 9 11 12 12 11 1 1
95% PI 67-108 733 1-10 1-9 2-11 3-14 5-18 6-22 621 5-18 4-18 418 5-19 6-25 7-26 6-26 6-24
Byskealven wild 560 121 28 20 44 65 79 97 96 82 92 98 112 111 117 116 112 1 1
95% PI 473673 | 82330 | 1574 961 2594 | 35-136 | 46-160 | 58-182 | 59-173 | 51-163 @ 57179 | 61192 | 70222 | 71224 | 71-254  71-254  68-257
Rickle&n wild 15 6 0.1 0.1 0.1 0.1 0.1 0.3 0.4 04 0.3 0.3 0.3 0.5 0.8 0.9 0.8 1 1
95% PI 9.2-29 0-28 0-0 0-0 0-0 0-0 00 0-1 0-1 01 01 0-1 0-1 0-1 0-2 03 0-3
Savarén wild 21 6 1 1 2 2 2 3 3 3 3 4 3 3 4 4 4 1 1
95% PI 13-40 319 0-4 0-2 0-4 1-4 0-4 1-5 1-5 15 15 2-4 2-3 2-4 36 2-8 2-8
Ume/Vindelalven wild| 1242 158 17 17 24 56 75 96 86 83 75 95 129 136 145 145 145 1 1
95% PI 917-1778 | 94429 | 752 | 8-48 13-65 | 30-132 | 40-173 | 56-203 | 46-187 | 44-191 @ 39-168 | 51-211 | 77-289 | 80-299 | 84-340  82-320  76-342
Oreélven wild 105 16 0.6 0.4 0.9 1.1 1 2 2 2 2 2 3 4 5 5 5 1 1
95% PI 84135 | 54 02 01 0-2 03 0-4 0-6 16 0-5 0-6 17 18 110 | 214 " 214 " 216
Légdedlven wild 104 15 1 1 2 3 4 6 6 5 5 6 8 10 11 12 11 1 1
95% PI 82-136 8-97 0-5 0-4 0-6 1-8 110 | 314 | 314 2-12 212 | 314 4-17 5-20 6-25 6-27 5-26
Assessment unit 2, total 429 66 55 93 154 194 248 237 216 220 252 307 322 352 350 348
95% Pl 308-774 | 42-118 | 35-99 | 64-150 | 104-249 | 140-308 | 180-378 | 175-358 | 153-335 | 158-334 | 183-384 | 226-467 | 236-509  259-574  240-548  244-584
Ljungan mixed 17 1 0.57 | 041 0.86 1.05 1.18 1.34 1.08 1.07 0.98 1.04 1.17 1.25 1.33 1.31 1.20 1 1
95% PI 9.8-37 0-14 0-2 0-2 0-2 13 13 1-4 1-3 03 03 1-3 13 1-4 1-4 1-4 1-4
Assessment unit 3, total 1 057 | 041 0.86 1.05 1.18 1.34 1.08 1.07 0.98 1.04 1.17 1.25 1.33 1.31 1.20
95% PI 0-14 0-2 0-2 0-2 1-3 1-3 1-4 1-3 0-3 0-3 1-3 1-3 1-4 1-4 1-4 1-4
Total Gulf of B., Sub-divs.30-31 2980 297 229 426 769 1366 1693 1538 1439 1490 1664 1920 2038 2346 2496 2341
95% PI 2266-4759|228-425 170-338 329-600 601-1073 1123-189¢ 1379-239: 1248-216¢ 1163-191¢ 1206-206: 1355-2470 1543-2769 1603-3070 1888-3370 2001-3623 1764-3644

Method of
Assessment Reprod. | Potenti Pred Pred estimation
unit, sub- Cate| area (ha, al 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Pot. Pres.
division, country [gory| mode) | (*1000) prod. prod.
Sweden
Emén wild 21.7 14 2 4 3 4 5 3 3 3 3 3 3 15 24 2.7 1.7 1 1
95% PI 1020 1-3 2-4 2-4 25 36 2-4 2-3 2-3 1-3 2-4 24 0-2 1-3 24 1-3
M6rrumsan wild 44 80 36 61 62 75 88 66 62 53 68 57 65 83 42 46 50 1 1
95% PI 62-115 | 26-51 | 47-82 | 48-83 | 58102 | 68119 | 5092 | 47-86 | 4073 5293 | 43-76 50-88 70-100 3551 39-53 30-93
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Table 5.3.9.3 continued.

Assessment unit 4, total 96 39 65 66 79 93 70 65 56 70 60 68 84 45 48 52
95% PI 77-131 | 29-564 | 51-87 = 52-87 | 62-106 | 73-125 | 5395 | 50-89 | 4475 | 5696 | 47-80 53-91 72-102 38-54 43-56 33-94
Estonia

Parnu wild 3 35 4.4 0.7 0.3 0.07 0.2 0.2 0.01 0.01 | 0.006 0.01 0.012 | 0.0011 0.0007 | 0.0007
95% PI 2-6 " 214 0-2 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0 0-0
Latvia

Salaca wild 47 30 22 23 32 26 20 28 27 24 15 27 25 27 27 25 28
95% PI 2535 14-35 | 1536 | 21-52 | 17-42 = 1331 | 20-39 | 1940 | 1735 | 10-23 | 19-38 13-51 15-58 14-54 13-49 16-59
Vitrupe wild 5 4 2 2 2 3 3 3 3 3 3 3
95% PI 2-6 1-4 1-4 1-4 1-4 1-4 1-6 17 17 1-7 17
Peterupe wild 5 5 3 2 2 3 3 3 3 3 3 3
95% PI 3-8 1-4 1-4 1-4 1-4 1-4 1-6 17 1-7 1-8 1-8
Gauja mixed 50 24 15 15 15 14 13 13 13 11 12 13 13 15 15 15 17
95% PI 1544 [ 924 [ 1023 " 924 " 922 " 820 [ 919 9-19 8-17 8-17 8-18 5-31 7-37 7-35 737 7 739
Daugava*** mixed 20 9 2 2 2 3 3 3 4 4 4 4
95% PI I 517 1-4 1-4 1-4 1-4 15 1-8 1-10 1-11 1-11 1-12
Irbe wild 10 5 5 5 5 5 5 5 5 5 5 5
95% PI 3-7 39 39 3-8 38 3-9 210 2-11 2-11 211 2-11
Venta mixed 30 14 11 11 10 11 12 11 12 12 13 13
95% PI 10-24 7-17 717 6-16 717 7-18 5-24 6-27 6-28 6-28 6-30
Saka wild 20 7 2 2 2 2 2 3 3 3 3 4
95% PI 4-13 1-3 1-3 13 1-3 1-4 17 19 19 1-9 1-10
Uzava wild 5 4 2 2 2 3 3 3 3 3 3 3
95% PI 2-6 1-4 1-4 13 1-4 1-4 1-6 17 1-7 1-7 17
Barta wild 10 4 2 2 2 3 3 3 3 3 3 3
95% PI 2-6 1-4 1-4 1-4 1-4 1-4 1-6 17 17 17 17
Lithuania

Nemunas river basin wild 148 10 10 10 2 7 6 4 2 5 7 4 4 3 6 7
95% PI 94-271 8-12 7-11 7-11 12 6-9 5-7 35 12 35 5-8 1-14 1-14 1-10 2-18 2-27
Assessment unit 5, total 268 82 78 70 66 84 84 96 95 97 107
95% PI 213-393 70-98  66-95 58-84 5580  71-99 50-133 58149 58145  58-147  65-166
Total Main B., Sub-divs. 22-29 378 153 145 128 138 145 154 181 140 146 162
95% PI 298-494 131-181 124-171 109-152 117-165 125-169 118-210 142-239 106-193 111200 120-233
Gulf of B.+Main B., Sub-divs. 22-31 3539 1861 1706 1580 1646 1841 2100 2262 2518 2682 2544
95% PI 2496-5428| 1475-24241336-22581270-20231294-2167 1416-2498 1626-2820 1699-3167 1935-3418 2052-3662 1831-3785

3,4

2,5
2,5

56

2,5

3,4

+=Low and uncertain
production (not added into

only the extension backwards

*** = Tributaries

*+% = Only Latvian part, Lithuanian
part of the river needs to be added
n/a No data available.

Methods of estimating production
Potential production
++=Same method over time series; 1. Bayesian stock-recruit ¢ 1. Bayesian full life history model (section 6.3.9)

2. Accessible linear strear 2. Sampling of smolts and estimate of total smolt run size.

3. Expert opinion with as 3. Estimate of smolt run from parr production by relation developed in the same river.

Present production
7. Estimate inferred from stocking of reared fish in the river.
8. Salmon catch, exploitation and survival estimate.

4. Estimate of smolt run from parr production by relation developed in another river.
5. Inference of smolt production from data derived from similar rivers in the region.
6. Count of spawners.

Reared smolts
*=Release river not specified
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Table 5.3.9.4 Overview of the status of the Gulf of Bothnia and Main Basin stocks in terms of

their probability to reach 50 and 75% of the smolt production capacity by 2010. Stocks are consid-

ered very likely to reach this objective in case the probability is more than 90%. They are likely to

reach the objective in case the probability is between 70 and 90% and unlikely in case the prob-

ability is less than 30%. When the probability of reaching the objective lies between 30 and 70%,

it is considered uncertain if they will reach the objective in 2010.

Prob to reach 50%

Prob to reach 75%

V.likely Likely Uncert. Unlikely

V.likely Likely Uncert. Unlikely

Unit 1
Tornionjoki
Simojoki
Kalixalven
Réaneilven

Unit 2
Pitealven
Abyalven
Byskealven
Ricklean
Séavaran
Ume/Vindelalven
Oreélven
Légdedlven

Unit 3
Ljungan

Unit 4
Eman
Morrumsan

Unit 5
Parnu
Salaca
Vitrupe
Peterupe
Gauja
Daugava
Irbe
Venta
Saka
Uzava
Barta

Nemunas

X

X

X

X

X
X
X

X

X

X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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Table 5.4.2.1a Key assumptions underlying the stock projections.

Scenario Effort*
1 Minimum effort
2 Mode effort
3 Max effort
4 Whole range of effort

Scenario Post-smolt survival**
a Low (2005 median, i.e. 13.6%)
b Medium (2004-2007 median, i.e. 15.6%)
c High (historical median, i.e. 25.2%)

Survival from M74***
Historical median, i.e. 90%

* Scenarios 1-3 assume min, max or mode effort given in Table 4.2.1for whole projection period. Sce-
nario 4 assumes the whole range of effort given in Table 4.2.1.

** Scenarios a—c presents the median of post-smolt survival to which the Mps is expected to return.

*** For M74 it is assumed only one survival scenario to which it is expected to return.

Table 5.4.3.1 Total catch and total number of spawners in 2010 (in thousands). Total reported

commercial catch and its share between longlines and trapnets.

Catch total in 2010 (x % of TAC 2009) Reported median catch in 2010 Spawners total 2010

Effort scenario median 95%PI| reported commercial OLL CTN median 959%6P|
1 248 '(161,375) 167 (51%) 92 75 203  '(111,323)
2 360 '(234,545) 243 (75%) 139 104 170 7(95,273)
3 521 "(340,790) 352 (108%) 208 144 128 7 (72,205)
4 368 "(236,559) 248 (76%) 141 107 168  7(93,269)
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Table 5.4.3.2 Probability to meet 50% and 75% of PSPC by 2015 with effort scenarios and by 2018 with post-smolt survival scenarios.

a) Probability to meet 50% or 75% of the carrying capacity by 2015.

EFFORT TORNIONJOKI SIMOJOKI KALIXALVEN RANEALVEN PITEALVEN ABYALVEN BYSKEALVEN RICKLEAN SAVARAN UME/VINDELALVEN OREALVEN LOGDEALVEN LIUNGAN MORRUMSAN  EMAN

50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75
1.0 09 09 06 1.0 09 10 08 10 09 10 09 10 09 05 03 1.0 07 1.0 0.9 08 05 1.0 08 09 08 09 06 00 0.0
1.0 08 08 04 1.0 09 10 08 10 09 10 09 1.0 09 05 03 09 07 1.0 0.9 08 05 09 07 09 07 09 06 00 00
1.0 07 06 02 10 08 09 06 10 09 10 08 1.0 09 04 02 09 06 1.0 0.9 07 03 09 06 09 06 08 04 00 0.0
1.0 08 08 04 10 09 10 07 10 09 10 09 10 09 05 03 09 07 1.0 0.9 08 05 09 07 09 07 09 05 00 0.0

=W N =

b) Probability to meet 50% or 75% of the carrying capacity by 2018.

SURVIVAL TORNIONIOKI SIMOJOKI KALIXALVEN RANEALVEN PITEALVEN ABYALVEN BYSKEALVEN RICKLEAN SAVARAN UME/VINDELALVEN OREALVEN LOGDEALVEN LIUNGAN MORRUMSAN  EMAN

50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75 50 75
10 08 06 03 10 09 09 07 10 09 10 08 10 09 05 03 09 07 1.0 0.9 08 04 09 07 09 07 09 07 0.0 00
b 10 08 06 03 10 09 09 07 10 09 10 08 10 09 05 03 09 06 1.0 0.9 08 04 09 07 09 07 09 07 0.0 00

c 10 08 07 03 10 09 09 07 10 09 10 09 10 09 05 03 09 07 1.0 0.9 08 05 09 07 09 07 1.0 08 01 00
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Figure 5.3.1.1 Grouping of salmon stocks in 6 assessment units in the Baltic Sea. The genetic vari-
ability between stocks of an assessment unit is smaller than the genetic variability between
stocks of different units. In addition, the stocks of a particular unit exhibit similar migration pat-
terns. Section 5.3.1 of the report describes exactly which rivers belong to which assessment unit.
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Baseline tree, for 8 loci. 18.4.2007
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Figure 5.3.1.2 Baseline data for the genetic stock proportion estimation of catches. Genetic dis-
tances between baseline stocks. Percent support from 1000 bootstrap replication are given for the

grouping of the branches. Sampling years are indicated after each population name.
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Finland
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River names with a slash (/) show main riverftributary. River names with hyphen (-) show names in different countries.
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Figure 5.3.1.3 Baltic salmon rivers divided into three categories. Only lower parts of rivers with

current salmon production or potential for production of wild salmon are shown. The presence of

dams, which prevents access to areas, is indicated by lines across rivers. Notation: river name in

bold = river with wild smolt production; river name underlined = river with potential for estab-

lishment of wild salmon; normal font = river with releases, no natural reproduction.



174 |

1.0

0.8

0.6

0.2

0.0

0.8

0.6

0.4

0.0

06 08 1.0

0.4

0.2

0.0

06 08

0.4

00 02

ICES WGBAST REPORT 2009
Simojoki 3 - Tornionjoki
_.°~ 0 o
: . g . %o
= T 8 a
O <r ) m |
o .
Nl e
A\ }& c 7 } l 3
YYYT | m o et
T T T T T T T
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005
Kemijoki SH  Luledven
@
o
© |
° ° o
&, 3 - }
}\} g A {;{L ° ;\
o | Y } .
T T T T T e T T T
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005
Skelleftedlven 3 T Umealven
«© |
o
o
4 , / :'. S 1 ; °
{ { ° < | } :' o,
._ s . .
.:. {:‘. o ~ " { f{ }
B, 1%
Py §;;%.‘;¥\; L;ﬁ Iii
T T T T T T T
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005
Angermanalven 3 1 Indalsalven
«© |
o
o
© | ; L 2
e P VY
: N < | T } 4 {
| S IS [ '
i .6 % ° L H
° ;;; : }} S : { ¥¥ o$§
S o, .;' N f
SRR T P . IINL ¥, &;5,53
T T T T T T T
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005



ICES WGBAST REPORT 2009

Sa 1 Ljungan ° S; 1 Ljusnan
o | @
o o
. o
© | o | *o\ OT
IS] ° S ; {o' g
= ; < :: y o,
S " i S ] PR
o P Loe]
o kY ; P ~ g o | ) i
: iy A e
2 1 S |edesss 4 l;'CI §
T T T T T T T T T
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005
Si - Dalalven Si Morrumsan
11 o JRNN Y
© | h © | o Soeol
IS} : ° (S] DR )
< : ) < |97 .
o : ) o o \
: CU CUPL IR N
o~ g By \ ~ )
S } { ¥ ;;%;{ 1 ,°} S 7] l
o 3 ; ;g ; ;8 % ; i o |
o o
T T T T T T T T T T
1985 1990 1995 2000 2005 1985 1990 1995 2000 2005
3 - Unsampled stock
«© |
o
©
(=}
< 2 "
© 3 }
. A0 o
o N . \ A&
il
© T T

1985 1990 1995 2000 2005

Figure 5.3.6.1 M74 mortality among Atlantic salmon stocks within the Baltic Sea. Solid circles and
whiskers represent the medians and 95% probability intervals of the estimated M74 mortality.
Open circles represent the proportion of females with offspring affected by M74 and triangles the

total average yolk-sac-fry mortalities among offspring.
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Figure 5.3.6.2 Estimated proportion of M74-affected offspring that die.
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Figure 5.3.9.1 Post-smolt survival for wild and hatchery-reared salmon.
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Figure 5.3.9.2 Posterior probability distribution (median and 95% PI) of the total smolt production
within assessment units 1-5 and in total. Vertical lines show the median (solid line) and 95% PI
(dashed lines) for potential smolt production capacity (PSPC).
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Figure 5.3.9.3 These graphs shows the median of the resulting distribution for egg abundance

(million), plotted against the median smolt abundance (thousand) for stocks of assessment units

1, 2, 3 and 4. These stock-recruit data have been obtained by combining the smolt abundance es-

timates obtained by the hierarchical linear regression analysis of parr density data with estimtes

of the natural and fishing mortality at sea. The graph also indicates the estimated median stock-

recruit relationships as estimated by the full life history model.



ICES WGBAST REPORT 2009

Tornionjoki, Unit 1

Simojoki, Unit 1

Kalixélven, Unit 1

S ° 2
g g g
s S 5
0
8
0 21 1
2 | s
8 °
S g | =
s S
z 2z 2z
i g : g :
5§ o & 2 ]
a s a a
S 2
24 =
g s s
S "
s 8
S 4 4
s
2 2
g g gl
S T T T T T T T S T T T T T s T T T T T T
0 500 1000 1500 2000 2500 3000 3500 [ 50 100 150 200 0 500 1000 1500 2000 2500
N=10000 Bandwidth =171.4 N=10000 Bandwidth =11.15 N=10000 Bandwidth = 91.46
Réanedlven, Unit 1 Pitealven, Unit 2 Abyalven, Unit 2
0
S 8 ] 24
S s s
2 o
8
E s s
S
]
3
> 2
2 ° 2 s z
5 § o7 &
o g o a
3
s
o
w &4
8 S
s
g g
S T T T T T T ° = T T T
0 50 100 150 200 250 [ 50 100 150 0 20 40 60 80
N'=10000 Bandwidth =7.616 N'=10000 Bandwidth = 6.255 N'=10000 Bandwidth = 2.854
Byskealven, Unit 2 Rickle&n, Unit 2 Savaran, Unit 2
g4 o 8
S s 5
0
@
N S
s
) 2
24 5
g S S
=
i i g
8 3 a 8 °
g4
S 8 2
S c
g
84 w
s 3
g 1 8 8
S T T T T T T S T T T T T T e T T T T
0 100 200 300 400 500 0 5 10 15 20 25 3 0 5 10 15 20
N=10000 Bandwidth = 26.21 N=10000 Bandwidth =1.321 N=10000 Bandwidth = 1.562
Ume/Vindelalven, Unit 2 Orealven, Unit 2 Lodgealven, Unit 2
g 2 g
3 S 5
8
3 g | é 7
S
g
S 8
2 o 2z 2z ©
z 8 g 3 ]
2 8 2 2
& 3 & o &
a a -
g 5
8
s o
2 =
o s
8 3
s
3
S 8 8
S T T T T T e T T T T e T T T T T
0 200 400 600 800 1000 0 10 20 30 40 50 0 20 40 60 80 100
N'=10000 Bandwidth = 46.04 N'=10000 Bandwidth = 2.936 N'=10000 Bandwidth = 6.561
Ljungan, Unit 3 Eman, Unit 4 Mérrumsan, Unit 4
9 s
& 3]
5 S
<
34
0 3
9 =
S S
2 2 2
g 2 3 5 8
2 2 = 2 oS-
& § o & o
a a a
" =
S84 s
5 S
3 3
8 8
S S
T T T T T T T T T T
0 2 4 6 8 10 12 0 5 10 15 20 25 50 100 150

N=10000 Bandwidth =1.273

N=10000 Bandwidth =0.3491

N=10000 Bandwidth = 2.236

| 181

Figure 5.3.9.4 Old point estimates (vertical line), prior probability distributions (dotted line) and

posterior probability distributions of the smolt production capacity obtained in the assessment of

2008 (thin line) and 2009 (bold line).
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Figure 5.3.9.5 Smolt production in 2010 in comparison to the natural smolt production capacity for
the Gulf of Bothnia and Main Basin stocsk (mode and 95% probability interval).
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Figure 5.3.9.6 Probability of reaching 50% of the smolt production capacity for different stocks of
the Gulf of Bothnia and Main Basin.
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Probability of reaching 75% of the smolt production capacity
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Figure 5.3.9.7 Probability of reaching 75% of the smolt production capacity for different stocks of
the Gulf of Bothnia and Main Basin.
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Figure 5.3.9.8 Estimated posterior distributions of catches in comparison to corresponding ob-
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Figure 5.3.9.9.b Estimated posterior distributions of the amount of spawners in each river versus

observed numbers of spawners in fish ladder counters.
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Figure 5.3.9.10.a Estimated posterior distributions of the harvest rates in offshore driftnet and
offshore longline fisheries separately for one-sea-winter and multi-sea-winter salmon. Note that
driftnet harvest rate in 2008 is not zero since it contains fishing effort from second half of 2007

due to computational reasons.
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Figure 5.3.9.10.b Estimated posterior distributions of the harvest rates in other coastal fisheries
than driftnetting in AU 1 and coastal driftnetting (all AU’s together) separately for one-sea-winter
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Figure 5.3.9.10.c Estimated posterior distributions of the harvest rates in river fishery separately

for one-sea-winter and multi-sea-winter salmon.
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Figure 5.4.2.2 Box plot illustration of post-smolt survival rates of the three sceranios and scenario

for M74.
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Figure 5.4.3.2.a The probability of meeting an objective of 75% of carrying capacity for each river

and each year with whole range effort scenario (4). Fishing in 2010 affects mostly years 2013-2015.
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Figure 5.4.3.2.b The probability of meeting an objective of 75% of carrying capacity for each river

and each year with minimum effort scenario (1). Fishing in 2010 affects mostly years 2013-2015.
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Figure 5.4.3.2.c The probability of meeting an objective of 75% of carrying capacity for each river

and each year with maximum effort scenario (3). Fishing in 2010 affects mostly years 2013-2015.
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