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1 Summary

The Group and its mandate

The permanent monitoring and research group was formally appointed in 2010 by the Ministry of
Agriculture and Forestry in Finland and the Ministry of Environment in Norway, based on the
Memorandum of Understanding signed in February 2010. Among other points defined in its
mandate, the Group should deliver annual reports on the status of the salmon stocks, evaluate their
management, and give advice on relevant monitoring and research. This is the first report of the

group.

The Tana, its salmon stocks and fisheries

The subarctic River Tana forms the border between northernmost Norway and Finland. The river
drains an area of 16 386 km” consisting of a multitude of small and large tributaries, most of which
(>1 200km) are readily accessible for ascending salmon. The river Tana is also one of the few
remaining large river systems that still support abundant Atlantic salmon stocks with little or no
human impact to the system, except for fishing.

Tana today supports the largest wild stock of Atlantic salmon in the world, with annual river catches
fluctuating between 70 and 250 tonnes, equivalent to an average of 30-50 000 salmon being
harvested annually. The total salmon stock with a minimum of 30 different populations consists of a
wide variety of life histories. The sea-age groups are ranging from one-sea-winter to five-sea-winter
salmon, with various types of previously spawned fish. Proportion of escaped farm fish in the Tana
salmon catches has so far been very low, although their proportion after the fishing season is not
known (with some few exceptions).

The riverine salmon fisheries in Tana include net fishing methods such as weir, gill net, seine and
drift net, in addition to the use of rod and line. In the last five years, the rod catch comprised about
60 % of the total catch of the river system, and the share of different fishing methods has remained
about the same over the past 30 years. Most of the fishery in the main stem Tana represents mixed-
stocks fishery that is especially emphasized in the lower and middle parts of the main stem.
According to the telemetry tagging experiments, harvest rates in the river fisheries could reach the
levels of more than 60 %. Together with the sea fishery, the effective exploitation rates for some
Tana salmon populations can be significantly high, up to 90 %.

Management of the Tana salmon

Both Norway and Finland (through EU) are members of the North Atlantic Salmon Conservation
Organization (NASCO), which is an international organization with an objective to conserve, restore,
enhance and rationally manage Atlantic salmon. Bilaterally, the Tana fishery agreement has been
negotiated between the Ministries of Foreign Affairs, Ministry of Forestry and Agriculture (Finland)
and the Norwegian Ministry of the Environment (Norway). The latest general agreement dates back
to 1990. Tourist angling is regulated by regional authorities in both countries (Department of
Environmental Affairs, Office of the County Governor of Finnmark, Norway, and the Fishery Unit,
Centre for Economic Development, Transport and the Environment in Lapland, Finland). The tourist
fishing regulations can be amended on a yearly basis. Local organizations in both countries,
especially the newly established River Tana Fisheries Management Board in Norway, also play a role



Tana research & monitoring group, report 1-2012 5

in managing the fishery. Coastal fisheries are regulated nationally in Norway, and in recent years,
more restrictive measures have been introduced.

Local/traditional knowledge
The Group recognizes the potential positive contribution from local/traditional (ecological)
knowledge, and will strive to incorporate relevant knowledge of this kind in its work.

Predation is a factor that is widely pointed to locally as a threat for salmon. There is very little
biological basis for arguing that naturally occurring predators are a threat to salmon, and predation
must rather be viewed as an integral and natural part of the ecosystems that salmon live in and it is
rarely possible to measure any negative impacts from predation. The best way of counteracting any
potential effects of predation is to make sure that management targets for the stocks are met so
that stocks are full-recruited on an annual basis. Other local arguments that are discussed include
natural variation, increased tourist angling and decreased number of gillnets.

Threat factors

An overview of threat factors in the Tana show that overexploitation of salmon in the different parts
of the salmon migratory system is the major threat factor for Tana salmon. There are minor or no
effects from other human activities like pollution, hydropower development or fish farming which
are affecting Tana salmon. The bullhead is a newly introduced species in the River Utsjoki, and is
now expanding up- and downstream in the Tana main stem. In Utsjoki, the bullhead has so far been
observed primarily in areas with low densities of salmonids.

Monitoring

Long term monitoring of Tana salmon started in its present form in the 1970s, and represents the
main basis for evaluation of stock status. The main elements in the long term monitoring program in
Tana are catch and fisheries statistics, catch samples, mainly scale samples, and estimation of
juvenile salmon abundance at permanent sampling sites. Other monitoring methods that have been
carried out for shorter periods are counting of both ascending and descending salmon in rivers
Utsjoki and Laksjohka. Counting of spawning adult salmon have been carried out in two tributaries
since 2003. Evaluation of permanent counting of upstream migrating fish in some of the larger
tributaries (Karasjohka, Mdskejohka) is now carried out by introducing modern sonar techniques.

Stock status evaluation and management recommendations

In accordance with NASCOs Precautionary Approach, the stock-status evaluation is based on a
target-based approach. The basic procedure of this approach is (1) the definition of stock-specific
spawning targets (i.e. the number of spawning female salmon needed to fill the production potential
of a stock), (2) an estimation of the number of spawning females in a stock after a fishing season,
and (3) a comparison of the target and the spawning stock estimate.

Currently, usable spawning targets have been defined for six Norwegian tributaries. A spawning
stock evaluation is done for five of these tributaries: Maskejohka, Laksjohka, Valljohka, Karasjohka
and leSjohka. The sixth tributary, Leavvajohka, is omitted due to the very low number of fishermen
present there.

The spawning stock evaluation in all five tributaries demonstrates that target attainment currently is
very bad in the Tana river system. None of the evaluated tributaries reached their spawning target in
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the period 2004-2010, and in most years the spawning stocks were far below the targets. The best
target attainment was seen with 64 % in the lowermost tributary, Maskejohka, in 2010. In the
middle part of the river system, target attainment was lower, up to 50 % in Valljohka in 2006 and 25
% in Laksjohka in 2006 and 2009. In the upper part, target attainment was up to 35 % in leSjohka in
2008 and 20 % in Karasjohka in 2008 and 2010.

The implication of this is that the egg deposition, and accordingly smolt production, in the later years
has been at a level far below the potential production capacity of each tributary. In the same period,
salmon stocks in neighbouring rivers in Finnmark have had several years of record catches, indicating
that the reasons for the bad target attainment in Tana cannot be traced to natural causes (e.g. poor
sea conditions causing low sea survival).

Salmon from the Tana river system are exploited over a large area, starting with the coastal fisheries
of the outer coast of Finnmark, Troms and Nordland, followed by the coastal fishery in the Tana
fijord, then the river fishery in the Tana main stem, and lastly a fishery within the different
tributaries. It is only the latter that is a single-stock fishery; the other fisheries are mixed-stock. The
fisheries represent a sequence in which the salmon available for exploitation in any region are the
ones surviving the fisheries in the preceding regions. The stocks in the Tana river system are
therefore under pressure from a sequential accumulated exploitation that increases the total
exploitation pressure to high levels even though the fishery in each separate region by itself is not
particularly intense.

The total exploitation rate was estimated for the five evaluated stocks in 2009 and 2010 using the
following data: (1) either the catch or fish counting from each tributary, (2) an estimated stock-
specific catch from the main stem (using catch statistics and genetic stock identification data), and
(3) an estimated stock-specific catch from the coastal fisheries (using catch statistics, coastal genetic
stock identification data from 2008 and old tagging data).

The lowest total exploitation was found in the lowermost tributary, Maskejohka, with 59 % in 2010
and 66 % in 2009. The estimates were higher in the middle and upper part of the river system, up to
91 % in leSjohka in 2009, 90 % in Valljohka 2009, 86 % in Karasjohka 2009 and 73 % in Laksjohka
2010.

The estimated exploitation of stocks in different fisheries showed some contrasting differences,
especially when comparing the lower and upper part of the Tana river system. For all evaluated
stocks, approximately 15-25 % of the total catch were taken in the coastal fisheries (with higher
coastal fishing pressure for the stocks with a high proportion of MSW-salmon). The contribution
from the Tana main stem fisheries differ markedly. In Mdaskejohka, the lowermost tributary, the
main stem contributes around 11 % of the total catch, while in leSjohka the main stem contribution
is around 55-57 %. There are some differences also in the contribution from the within-tributary
fishery, with around 30 % of the total catch of Maskejohka-salmon being taken within the
Maskejohka itself while only 10 % of the total catch of leSjohka-salmon were taken within the
lesjohka.

Overexploitation as a threat factor is defined as the extent of a reduction in spawning stock below
the spawning target that can be attributed to exploitation. There was extensive overexploitation in
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all five tributaries in both 2009 and 2010, with 90 % fishing mortality for leSjohka salmon in 2009 as
the worst example.

An estimate of maximum sustainable exploitation (the maximum level of exploitation a stock could
sustain while still reaching its spawning target) demonstrates that some of the stocks are depleted
to the point of having very low, or even no, sustainable surplus. In leSjohka (2009), Karasjohka (2009
and 2010) and Laksjohka (2009 and 2010) the maximum sustainable exploitation was 0 %. These
stocks were then below their spawning targets already before any fish had been caught. The highest
estimates of maximum sustainable exploitation were found in Valljohka with 73 % in 2010 and 65 %
in 2009.

Only 5 rivers are currently used for the status evaluation, which raises a question about how these
are related to the rest of the river system. There are two important considerations here: (1) the
problems caused by a high accumulated sequential exploitation is likely common to all stocks in
Tana, and (2) the bad target attainment observed in the five evaluated tributaries is, by itself,
enough argument to recommend regulatory changes in the mixed-stock fisheries affecting these
stocks. Under those terms, a regulatory regime of both mixed-stock fisheries and tributaries that
brings the total exploitation down to a sustainable level for the five evaluated stocks is likely to be a
regime that does right by the other stocks as well.

Some simple calculations depict the danger of ignoring the effect of a sequential accumulated
exploitation and regulate in only parts of the sequence. Using the leSjohka-stock as an example, the
need for a concerted regulatory effort throughout the exploitation sequence (coast — fjord — main
stem — tributary) can be demonstrated. For instance, removing the coastal fisheries would result in a
3 % gain (of the total pre-fishery abundance) in the spawning stock, despite closing off a fishery that
currently accounts for around 20 % of the pre-fishery abundance. The same 3 % gain would be the
result if all fisheries in the lower Norwegian Tana main stem were closed. A small decrease in fishing
intensity throughout the sequence would result in a 13 % gain (of the total pre-fishery abundance).

Regulation recommendations:

1) The target attainment situation in the five evaluated stocks in Tana is bad. Exploitation
estimates reveal a high accumulated sequential exploitation pressure that is not sustainable.
This total pressure must be reduced down to a level at which each stock is likely to reach
their spawning target on an annual basis.

2) The sequential nature of the exploitation means that the only effective way of bringing the
total exploitation pressure down is by reducing the efficiency of all fisheries in the sequence.

3) New regulations should be target-specific. This is a challenge for mixed-stock fisheries, and
specifically tailored monitoring must be employed to ensure a sufficient knowledge level. An
example of such monitoring is the current combination of genetic stock identification
(Genmix- and Kolarctic-projects) and fish counting (video, DIDSON).

4) The negative trend observed for MSW salmon in the Tana river system further points to an
urgent need to implement regulations aimed at reducing especially the exploitation rate of
larger salmon.

5) Genetic stock identification of mixed-stock fisheries catch samples demonstrate that a high
exploitation of large egg producers (MSW females and previous spawners) belonging to the
tributaries takes place early in the season. It is therefore advised to reduce exploitation rates
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in mixed-stock fisheries (both coastal and main stem) in the first weeks of the current season
(May and June).

The Group recommends the following principles in the future management of the Tana salmon
populations.

1) The agreement must be built around the use of stock-specific management targets.

2) The evaluation of target attainment must specifically be knowledge-based, with the
countries specifically and clearly committing to a monitoring programme that provides the
necessary data for target evaluation.

3) There must be a built-in flexibility in the fishing rules. This flexibility should allow for
implementation of regulatory measures that operates both within-season and between-
season. Within-season measures are necessary to quickly counteract a low pre-fishery
abundance (or other unexpected issues that might suddenly arise, e.g. because of a
particularly dry summer) and increase the probability that targets are attained.

4) A particularly suitable form of flexibility is pre-agreed regulatory measures that can explicitly
be stated in the agreement, with each measure being the pre-agreed response to particular
scenarios. Because all these are pre-agreed, they can be quickly implemented by both
countries without any time-wasting hearing process.

5) To strengthen and ease the work with preparing the catch statistics, it is essential to have
quickly delivered and accurate catch reports from every person fishing in Tana. This should
be formalized in the agreement as a personal obligation for everyone.

Long-term monitoring recommendations

Stock status evaluation within an adaptive knowledge-based management regime should be based
on the best possible monitoring data, provided through a consistent, long-term monitoring
programme. Such a programme should provide (1) a detailed and accurate catch statistics from all
different areas and fisheries of the system, (2) catch samples that provide life history data and
enable stock identification of the catch in mixed-stock fisheries, and (3) accurate fish counting, either
on fish entering e.g. a tributary, or in the form of spawner counts after the fishing season.

There is substantial variation in the exploitation rates experienced by different stocks in different
fisheries; the Tana main stem exploitation of salmon being much lower in the lower tributaries
compared to that of the tributaries further up in the river system. Therefore, long-term monitoring
must be spatially distributed in the lower, middle and upper parts of the Tana system.

The Group strongly endorses finding arenas that allows the communication of local environmental
knowledge to the Group and allows dissemination of scientific knowledge to local communities in an
accessible manner.

Currently, there is a lack of long-term predictability in most of the research and monitoring activities
in the Tana, making it impossible to plan activities for more than 1-2 years ahead. The Group
therefore strongly recommends the joint establishment of a permanent Norwegian-Finnish research
and monitoring programme for Tana. This programme, and its details, should be specified in a
binding way in the forthcoming new fishery agreement between the two countries.
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Short-term monitoring recommendations for 2012

The Group recommends that the following activities are prioritized in 2012, largely following the
priorities for 2011: catch statistics, catch sampling, genetic stock identification of the main stem
mixed-stock fishery, video counting in Utsjoki and Laksjohka, further development of acoustic
counting of adult salmon in Karasjohka and/or Maskejohka, and juvenile monitoring.

Research needs

We are currently basing the status evaluation on the use of spawning targets. Currently, usable
spawning targets are established only for six Norwegian tributaries, which means that major parts of
the river system are lacking in the status evaluation. This calls for the following research needs:

1) Usable spawning targets must be established for the Tana main stem, Anérjohka/Inarijoki
and a set of Finnish tributaries.

2) A procedure for evaluating the spawning targets in areas with mixed-stock fisheries is
needed.
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2 The group mandate and presentation of members

The Working Group on Salmon Monitoring and Research in the Tana River System (referred
hereafter as the Group or the Tana group) was formally appointed in 2010 by the Ministry of
Agriculture and Forestry in Finland and the Ministry of Environment in Norway, based on the
Memorandum of Understanding signed in February 2010. Among other points defined in its
mandate, the Group should deliver annual reports on the status of the salmon stocks, evaluate their
management, and give advice on relevant monitoring and research.

The following mandate was given for the group:

1. Todeliver annual reports on the status of the salmon stocks, including trends in stock
development.

To evaluate the management of stocks in light of relevant NASCO guidelines.

To integrate local and traditional knowledge of the stocks in their evaluations.

To identify gaps in knowledge and give advice on relevant monitoring and research.

To give scientific advice on specific questions from management authorities.

To collect information from local communities and organizations and cooperate with such
bodies in the dissemination of scientific results to the public.

o LA WN

The present report aims to fully cover points 1, 2 and 4 in the mandate. Point 5 commits the Group
to discuss and answer questions raised by management authorities in both countries, either through
specific chapters in the annual report, through presentations or through specific notes.

Two points in the mandate, 3 and 6, concerns the interface between the Group and local people
living close to the Tana river system. This topic is further discussed in chapter 1.

It was further detailed that the group shall consist of four scientists, two appointed from Norway
and two appointed from Finland. The following group members have been appointed:

e Jaakko Erkinaro (Finnish Game and Fisheries Research Institute, FGFRI), leader
e Morten Falkegard (Norwegian Institute for Nature Research, NINA), secretary
e Eero Niemela (FGFRI), assistant secretary

e Tor G. Heggberget (NINA), assistant leader

The first three of the group members listed above are individually appointed on the basis of their
experience and detailed knowledge about the Tana river system, and are as such not acting as
representatives of their working institutions. The fourth member was appointed to represent the
Norwegian Institute for Nature Research, thus linking the work in the Group with the vast
experience of other scientists in NINA.
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3 Introduction

Until recently, the Atlantic salmon (Salmo salar L.) populations of the River Tana have been typically
considered to be in a relatively healthy state with fluctuating population abundances with no
apparent declining trend (e.g. Niemela et al. 2005). In their report, however, the Norwegian-Finnish
Temporary Working Group on Stock Monitoring and Research in Tana (Johansen et al. 2008) raised
concerns on the status on certain populations in tributaries of the Tana that was based on the newly
established river-specific spawning targets (Hindar et al. 2007) and evaluation of their attainment. In
addition, the Norwegian Scientific Advisory Group for Salmon Management has pointed out the
undesirable status of the Tana salmon stocks in their evaluations over the past couple of years (see
Anon. 2011). In fact, some populations of the Tana complex now appear to show one of the worst
situations in relation to the 210 Norwegian salmon rivers evaluated by Anon. (2011).

The Tana salmon population complex consists of at least 20-30 different sub-populations (Vaha et al.
2007). As clearly demonstrated in the report of the earlier working group (Johansen et al. 2008),
salmon fisheries in Tana are mostly mixed-stock fisheries. Mixed-stock fishery of salmon stocks
greatly complicates the conservation and management of the salmon stocks, and especially the
conservation of biodiversity of a complex mixture of sub-populations as is the case in the Tana.
Unless it is possible to selectively exploit productive populations, the overall exploitation rate must
therefore be carefully controlled to ensure conservation of less healthy populations within an area
of mixed-stock fishery. Overexploitation will push the numbers of returning salmon stocks below
sustainable levels, and as salmon abundance declines, diversity and resilience are reduced, and the
risk of extinction is increased. Populations with low diversity are less resilient to environmental
stresses such as disease, pollution or changing climate.

The last decades have shown remarkable declines in the stock levels of Atlantic salmon throughout
its distribution area (e.g. ICES 2011). Therefore, the North Atlantic Salmon Conservation
Organisation (NASCO) has adopted principles like the “Agreement on Adoption of a Precautionary
Approach” for conservation, management and exploitation of salmon stocks, and the “Decision
Structure For Management of North Atlantic Salmon Fisheries” (see www.nasco.org for both
documents), a consistent approach to the management of exploitation (see chapter 4.3). Although
the NASCO convention required that management should be based upon the “best available
scientific information”, the Precautionary Approach changed this into an emphasis on managers and
scientists utilizing all available information, regardless of its imperfection, when developing
management options. As the mandate of the Tana working group includes “evaluation of
management of stocks in light of relevant NASCO guidelines”, the approach and background of the
NASCO principles was adopted by the Tana group in assessing the status of the Tana salmon
populations and in providing management advice.

The aim of the first annual report from the Tana group is to give an updated status evaluation of the
Tana salmon populations, with background information on related fisheries, management, threat
factors, and monitoring and research activities. The Group will also give advice on prioritized
monitoring and research activities based on the major future challenges for the Tana salmon. The
report from the previous temporary working group (Johansen et al. 2008) contains a more detailed
and thorough discussion on monitoring and research needs in Tana.
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4 The River Tana, the Tana salmon, salmon fisheries and
management

4.1 The Tana and its salmon

The subarctic River Tana (Teno in Finnish, Deatnu in Sami) forms the border between northernmost
Norway and Finland (70 ° N, 28 ° E). The river drains an area of 16 386 km? (of which almost 70 % is
in Norway) and the river system consists of a multitude of small and large tributaries (Figure 1), most
of which are readily accessible for ascending salmon. Historically, salmon have been found
distributed over a total of over 1 200 km (Table 1).
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Figure 1. Map of the Tana river system. The orange line indicates the historical distribution of salmon based on historical
sources and interviews. The numbers correspond to Table 1. Map from Eero Niemeld, FGFRI.
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Table 1. The historical distribution of salmon in the Tana river system. + occurs on a regular basis, (+) occurs occasionally.
Distribution numbers are collected and systematized by Eero Niemeld, FGFRI, based on various scattered historical
sources (unpublished) and interviews with local people.

River km 1SW 2SW 3SwW 4-55W
1 Tana/Teno 211.0 + + + +
2 Maske 30.9 + + +
2.1 Geasis 6.9 + + +
2.1.1 Uvjaladnja 6.7 + +
2.2 Ciicujohka 10.9 +
3 Buolbmat/Pulmanki 39 + + (+)
31 Galddas 13.5 + +
3.2. Luossa 6.8 + (+)
3.2.1 Skiihpa 6.7 +
33 Moresveai 3.4 +
4 Laks 13.7 + + (+)
4.1 Garpe 0.7 + +
4.2 Gurte 9.4 (+) (+)
4.3 Deavkehan 17.5 (+) (+)
5 Veahdéa/Vetsi 42.6 + + +
5.1 Vais 5.8 +
6 Utsjoki (lower) 22.2 + + + +
6.1 Carse/Tsars 31.2 + +
6.1.1 Njidgu 4.9 +
6.1.2 Linkin 5 + (+)
6.1.3 Uhtsa-Carse 3.9 +
6.2 Geavvu/Kevo 35.7 + + +
6 Utsjoki (upper) 36 (+) + + (+)
6.3 Cuogga 7.6 + + (+)
6.4 Gukce 7.3 + (+) (+)
7 Goahppelas/Kuoppilas 13.4 + + (+)
7.1 Birke 9.7 + +
7.1.1 Koaskim 2.6 + +
8 Borse 5 + +
9 Leavva 24.1 + + +
10 Nuvvos 7.9 + +
11 Njilj 12.7 + +
11.1 Maévnnaveai 2.1
12 Bais 19 + + (+)
13 Valj 45.1 + + + (+)
13.1 Aste 18.7 +
14 Jeagelveai 43 +
15 Ahko 5.1 + + (+)
16 Karas 73.5 + + + +
16.1 Geaimme 9.8 + +
16.2 Noaidat 7.9 +
16.3 Suolga 3.9 +
16.4 Bavta 44.9 (+) + + +
16.5 Suorbmu 2.7 + (+)
16.6 les 87.1 + + + +
16.6.1 Aste 8.2 + +
16.6.2 Vuottas 15 + +
16.6.3 Rages 14.7 + + +
16.6.4 Molles 43 + + +
17 Inari 93.2 + + + (+)
17.1 Garegas 18.2 + + (+)
17.1.1 Vuorgodearav 0.9 +
17.2 I18koras 5 +
17.3 Guoldna 6.1 +
17.4 Gorzze 38.1 + + +
17.4.1 Vuzzul 17.4 + +
17.5 Vuopmaveai 129 +
17.6 Casken 8 + (+)
17.7 Skiehéc¢an 37.1 + + +
17.7.1 Njuolas 8 + +
17.7.2 Radja 25 + +

Total length (km) 1268
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The Tana salmon shows an extremely large variation in life histories, with smolt ages ranging from
two to eight years (mostly 3-6 years), and adult sea-ages ranging from one (one-sea-winter-salmon,
1SW) to five sea-winters. In addition, there are different types of previously spawned salmon. The
smallest tributaries are dominated by 1SW fish (both males and females) with a small to medium
percentage 2SW females (Figure 2). Multi-sea-winter (MSW) salmon are mainly found in Tana main
stem, the Norwegian tributary Maskejohka, Finnish tributary Utsjoki, and the uppermost large
tributaries Andrjohka, Karasjohka and lesjohka. In these tributaries, the female spawning stocks are
almost exclusively 2- and 3SW fish and previous spawners.
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Figure 2. Sea-age distribution of salmon catch in different parts of the Tana river system. Left-hand bars: female salmon;
right-hand bars: males. Figure from Niemela (2004).

In addition to the productive main stem, there are more than 30 tributaries supporting distinct
spawning stocks (Berg 1964; Moen 1991; Elo et al. 1994) (Figure 1), and by use of polymorphic
microsatellite markers high genetic differentiation among stocks from the different tributaries has
been revealed (Vdhi et al. 2007) (Figure 3). DNA microsatellites have indicated pairwise Fs;* values
between inferred populations ranging from 1.5 % to 20.1 % with an average of 9.2 %.

! Fsr refers to the proportion of the total genetic variance contained in a subpopulation relative to the total
genetic variance. Values can range from 0 to 100% (or from 0 to 1). High Fs; implies a considerable degree of
differentiation among populations.
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Figure 3. Stock complex of the Tana river system, based on genetic baseline samples from various tributaries and areas
(figure from J.-P. Vdha, University of Turku).

Salmon migrating to the upper parts of the river system must cover long distances. From this it could
be expected that salmon belonging to upper tributaries such as Anarjohka/Inarijoki, Karasjohka and
lesjohka, are harvested relatively late in the season (Figure 4). Data from scale samples however,
show that most of the MSW salmon in Karasjohka and leSjohka are caught by the end of June.
Median dates of capture in these uppermost areas are comparable to median dates for the lower
part of Tana main stem (and slightly earlier than median dates for the middle part of Tana main
stem), indicating that the salmon ascending to Karasjohka and lesjohka enter the River Tana very
early in the season (Johansen et al. 2008). This early run timing also indicates that these stocks are
exposed early in the summer in the coastal fisheries and river fisheries in the main stem Tana.
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Figure 4. Catch distribution throughout the summer in the Tana river system. Data from the years 2004-2010 are
combined. The figure is based on salmon catch statistics for the areas Tana rivermouth to Tana bru, Tana bru to
Nuorgam, common area from the River Tana in Norway, Karasjohka and lesjohka. Scale sampling data were used for the
common area from the River Tana in Finland. For Anarjohka, a combination of Norwegian catch statistics and Finnish
scale sampling data were used.

While return rates of adult salmon has decreased significantly during the last half of the 1900s in
most salmon rivers on both sides of the Atlantic, the northernmost salmon stocks in Finnmark
(including the river Tana) and the Kola Peninsula have fluctuated in a cyclic manner with no clear
declining trend. During the last two decades, however, some negative developments have been
observed in the Tana river system. A negative trend for large MSW (3- and 4SW) salmon, especially
the females, is particularly worrying. Even though the numbers vary from year to year, there is a
negative trend indicating that the return of large fish has been decreasing during the two last
decades. During the same period, the trend for 2SW fish is positive while the abundance of 1SW
salmon in the river system has been below the long-term average during the last eight-nine years.
Earlier observations of positive correlations among Tana and some other western Finnmark rivers
seem to have changed during the last 10 years, i.e. supporting these negative trends. This could be
due to factors connected with heavy exploitation (sea and/or river fishery), changes in prey
availability in the Barents Sea, climate change and so on. However, Tana still today likely supports
the largest wild stock complex of Atlantic salmon in the world.
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4.2 Tana salmon fisheries

The riverine salmon fisheries in Tana include a variety of fishing methods such as weir, gill net, seine
and drift net, in addition to rod and line. The net fisheries are practiced by local people and it is
permitted by fishing rights based on land owning, agriculture production or inherited rights. Fishing
in the lower section is mixed-stock fishery throughout the season, whereas this is true for the upper
section until the second half of July, when stocks from the tributaries have mostly ascended into
their spawning rivers. In the upper section, fishing in August is directed to sub-stocks reproducing
mainly in the main stem. According to the telemetry tagging experiments in the early 1990s, harvest
rates in the river fisheries could reach the levels of more than 60 % (Erkinaro et al. 1999; Karppinen
et al. 2004). A recent study in the large tributary, Utsjoki, even suggested exploitation rates of more
than 80 % on MSW salmon. It should be emphasised, that by including the sea fishery, the effective
exploitation rates for Tana salmon is even significantly higher.

Tana salmon is further exploited in the sea fisheries along the coast of northern Norway. This coastal
fishery has historically had yearly catches up to 700 tonnes, but regulations in the later years have
brought the catch down to well under 200 tonnes. Tagging experiments indicate that around a third
of this coastal catch might be Tana salmon and the total salmon production of the River Tana system
has then been estimated to be up to 600 tonnes (NOU 1999). Tagging of smolts from the River Tana
in the 1970s indicated a fifty-fifty distribution of the catch between the coastal fisheries and the
River Tana in terms of number of salmon (Rikstad & Niemeld 2009). Over the past three-year period
(2008-2010), the salmon catches in the sea fisheries along the Finnmark coast with bagnets and
bendnets have varied between 120 and 150 tonnes; 122 tonnes of salmon was captured in 2011.
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Figure 5. Total salmon catch in the River Tana system (both Norway and Finland) in 1972-2011 in terms of mass (line)
and number of fish (bars). Bars are separated into different sea age groups.
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The catch statistics for the Tana River system have historically been divided into two separate parts,
the Norwegian catch and the Finnish catch. The Norwegian catch statistics were calculated by the
County Governor of Finnmark up until and including 2010. In 2011 the responsibility were
transferred to the new local River Tana Fisheries Management Board. The Finnish Game and
Fisheries Research Institute (FGFRI) compile the catch on the Finnish side.

Between 1972 and 2010, the annual salmon catch in the river have fluctuated between 63 and 250 t
with an average of 130 t (Figure 5). Total number of salmon caught in the entire Tana system
typically vary between 30 000 and 50 000, exceeding 60 000 fish in the best years and sinking to
around 15 000 fish in the worst years.

The total salmon catch in the River Tana system has historically fluctuated in a seemingly periodic
manner, with peaks every 8-9 years (Figure 5). This period length corresponds roughly with the
average generation time of female spawners in the system. For example, good catches in the early
1990s resulted in good catches in the early 2000s. Worryingly, these periodic cycles seem to have
broken down in the last years. The good catches in early 2000s did not result in high catches in 2006-
2008, even though the catches of 1SW salmon in 2006, 2SW in 2007 and 3SW in 2008 were higher
than the long-term average. Effective salmon fishery of Tana River stocks in coastal areas and within
the entire Tana River system in the early 2000s might therefore have resulted in too low spawning
stocks. In the last five years, salmon catches in Tana have been below the long-term average both in
terms of numbers and mass. Following the long-term fluctuations in the total catch, much higher
catches were expected in 2009, 2010 and 2011. The catch in terms of numbers of salmon in 2011
was one of the smallest during the 40 years research period.

Salmon catches have fluctuated in the same manner in Norway and in Finland (Figure 6). However,
the relative development in catch level is very different between the two countries. Since 2004, the
Norwegian catches have been much lower relative to the long-term average than the catches in
Finland. This reflects a general trend of lower fishing intensity in Norway, especially in the lower
Norwegian part of the Tana main stem. The extent of the Norwegian fishery is, thus, declining while
the Finnish catches make up a larger proportion. During the 1970s and 1980s, the Norwegian catch
was responsible for 60-70 % of the total catch. During the 1990s, this proportion gradually declined
towards 50 %, and in the 2000s, the Finnish catch has made up over 50 % of the total (Figure 6).

Despite a large annual variation in the salmon catch estimates, the proportion of salmon caught with
different fishing methods have remained relatively stable (Figure 7). The proportion of salmon
caught with rod increased slightly from the 1970s until the early 2000s. There are, however, clear
differences between the two countries. Around 75 % of the salmon caught in Finland have been
taken with rod, while more than half (60-70 %) of the Norwegian catch is caught by nets. In Norway
the proportion of rod catch has declined since the early 1990s, while in Finland it has increased since
the early 2000s. In Norway the proportion of salmon caught with driftnets has increased since the
mid-1990s.
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Figure 6. Total salmon catches in the Tana river system by countries and fishing methods.
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In general, the proportion of rod-caught salmon in terms of numbers increased from the 1970s until
the mid-1990s (Figure 8). After 1996, the proportion decreased steadily until 2004 followed by an
increase until 2009. The proportion of salmon caught on gillnets has shown an increasing trend since
mid-1980s. Large annual variations in the proportion of salmon caught on driftnet largely reflects
annual variations in environmental conditions, especially the ice-break-up, following discharge and
water level, which are determining the practical length of the drift net fishing season.
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Figure 8. Percentage distribution of salmon catch (based on number of fish) between fishing methods in the River Tana
system.

Based on scale reading, it is possible to estimate the relative abundance of different sea age-classes
captured throughout the season. The time series dating back to 1973 demonstrates how the fishing
exploits salmon of different sea age-classes (Figure 9 and Figure 10). Both virgin fish and previous
spawners are caught every year. Most virgin female spawners have been two (2SW) or three years
(3SW) at sea, while most virgin males have spent only one year (1SW) at sea. There are also quite a
few 1SW females, many of which belong to smaller tributaries, and also some large 4SW females.
The largest males are 4SW and 5SW fish.

Both the number and mass of female and male salmon have fluctuated simultaneously (Figure 9 and
Figure 10). The expected increase in salmon abundance in 2006-2009 did not occur, and in
particular, the catches of females have been low in the later years. The catches of 1SW salmon in
2010 and 2011 were recruited mainly from the spawning stocks of 2004 and 2005, which were the
lowest in the Tana salmon catch records since 1973.
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Figure 9. Estimated numbers of salmon in the River Tana catches for 1SW-4-5SW salmon and previous spawners.
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Figure 10. Estimated mass of salmon in the River Tana catches for 1SW-4-5SW salmon and previous spawners.

Female 2- and 3SW fish make an important contribution in the catches by mass because of their

larger size compared to male-dominated 1SW fish. Large fishes are also attractive for tourist fishery

and important catch for local fishermen. The estimated catches of large salmon have been low over

the last eight years except for the year 2008 (Figure 9 and Figure 10).

The estimated number of salmon of different sea- age classes show a decreasing trend for especially

large fish (3SW-4SW salmon, Figure 11), while the patterns for smaller salmon (1-2 SW) are less

clear. There is a significant increasing trend for previous spawners. The long-term data show large

annual variations, e.g. the numbers of 1SW salmon can vary 4-5 folds between the years of highest

and lowest abundance.
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Figure 11. Estimated numbers of captured salmon in different age groups, and the total catch in tonnes.
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The decreasing trend for larger salmon is evident both for females and males (Figure 12), but mostly
for females. The numbers of female salmon in the catches all sea-ages combined has been below the
long-term average during the last seven years. During the last years the numbers of previous
spawners have also declined from the record high figures to the level of long-term average. Between
the years with high catches, there have always been periods of low catches. The duration of low

catches has typically been 5-7 years.
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Figure 12. Estimated numbers of salmon of different sea-age-groups in catches of the River Tana system in 1973-2011.
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The salmon catches in terms of numbers are fluctuating more or less simultaneously between the
fishing gears used in the Tana system (Figure 13). The proportions of different sea ages of salmon
are also fluctuating simultaneously between the fishing methods. Interestingly, in the last decade
previous spawners have made up an extremely high proportion (up to 50 %) of the salmon caught
with drift net. This high proportion of previous spawners also partly masks the worryingly low catch
of virgin MSW spawners, especially the 3SW females.
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Figure 13. Numbers (figure on the left) and in percentages from the numbers (figure on the right) of salmon (1SW, 2SW,
3SW, 4-5SW, previous spawners) caught in the River Tana system with four different fishing methods.

The proportions of 3SW female salmon have declined significantly in the River Tana catches (Figure
14), reflecting the same phenomenon as the declining numbers of 3SW females in the catches
(Figure 11), their decreasing proportion in the total catch (all different fishing methods) in the entire
Tana river system (Figure 12) or only in the River Tana itself (Figure 13). In addition, the same
negative trend in the proportions of large females is evident in the August catches when most fish
are already close to or at their spawning areas (Figure 14). This might be compensated only partly by
the slightly increased numbers and increased proportions of 2SW females in the August catches of
the Tana main stem (Figure 14).

In certain Tana tributaries with a consistent long-term data set, previous spawners have shown an
increasing contribution in the catches, and this is especially true for female salmon in the River
Andrjohka/Inarijoki (Figure 14). In addition, the proportion of larger virgin females (2-35SW) has been
higher in 2000s than in the earlier decades.
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Figure 14. The proportions of various sea ages of salmon caught in Tana main stem and in three major tributaries.
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Figure 15. The proportion of female salmon in the spawning stocks (samples from August fishery) in the River Tana main
stem.

From 1975 to 2011, the salmon catch of the tourist anglers have varied around 25 % of the total
salmon catch in the River Tana system (Figure 16). Since 2005, the tourist catch proportion has
increased to 30-40 % of the total catch. Between 1975 and 2011, the tourist catch have varied
around 43 % of the total rod catch, and since 2005 this proportion have increased to more than 50
%.
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Figure 16. The proportion of tourist salmon catches (Finnish and Norwegian tourist catches together) from the total
salmon catches and from the total catches caught with rod fishing methods.

The long-term data set on the Finnish tourist catches indicate an increase in the overall catch levels
both in terms of numbers and weight (Figure 17). There is a declining trend of salmon larger than 7
kg, similar to the trend in the total Tana salmon catches. Large salmon have made up around 70 % of
the total weight of catch in the 1970s and early 1980s, while in the latest years their proportion has
been around 40 %.
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Figure 17. The salmon catches in terms of numbers and weight in three size categories for Finnish tourists in the River

Tana and Anarjohka.
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The salmon catch of Finnish tourist fishermen further support the conclusion on a declining trend for

the 3SW female salmon (Figure 18), but also show the increased proportion of previous spawners.
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4.3 Management of the Tana salmon fishing

Both Norway and Finland (through EU) are members of the North Atlantic Salmon Conservation
Organization (NASCO, see www.nasco.org), which is an international organization, established by an
inter-governmental Convention in 1984. The objective of NASCO is to conserve, restore, enhance
and rationally manage Atlantic salmon through international cooperation where NASCO parties are
committed to. NASCO parties have agreed to adopt and apply a Precautionary Approach to the
conservation and management and exploitation of Atlantic salmon in order to protect the resource
and preserve the environments in which it lives. Another key element in NASCO principles is the
Decision Structure, which assists in applying the Precautionary Approach by providing a consistent
approach to the management of exploitation. The Decision Structure applies reference points (for
example conservation limits or spawning targets) or other indicators of stock status to trigger
management actions to address any failure in abundance or diversity of salmon stocks (see NASCO
2009).

Salmon fishing in the River Tana has been regulated since 1873 by bilateral agreements between
Finland and Norway. General fishery agreements for both river systems are concluded between the
governments of Finland and Norway, primarily regulating the local fisheries and their fishing rights.
These agreements have been negotiated between the relevant authorities in both countries, in
particular Ministries of Foreign Affairs, Ministry of Forestry and Agriculture (Finland) and the
Ministry of the Environment (Norway).

The latest general agreement, concluded in 1989, states for example that the fishing season
commences on 20 May and terminates on 31 August. Net fishing is allowed for three days per week
and drift net fishing can take place only from the beginning of the season until 15 June. All fishing is
prohibited for one day per week (Sunday night-Monday night).

Tourist angling is regulated by regional authorities in both countries (Department of Environmental
Affairs, Office of the County Governor of Finnmark, Norway, and the Fishery Unit, Centre for
Economic Development, Transport and the Environment in Lapland, Finland). These regulations can
be amended on a yearly basis.

On the Norwegian side, a lot of the management responsibility has been transferred from the
County Governor of Finnmark down to a recently established local organization, the River Tana
Fisheries Management Board. This organization organizes the fish licence sale, collects catch
statistics, and is responsible for the Norwegian river guards.

Fisheries on salmon originating from the River Tana have been regulated also in the ocean. The most
important management actions include the prohibition of the high seas salmon fishing since 1984 in
North Atlantic through NASCO convention. Norway has taken further steps in improving salmon
stocks by closing entirely the drift net fishery at sea since 1989 and by limiting coastal net fisheries in
different ways over the recent years.

Salmon stocks of the River Tana are conserved, maintained and enhanced only by fishery
regulations. All fish releases are strictly prohibited in the river system.
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5 Local/traditional knowledge and local contact

The potentially valuable role of local/traditional (ecological) knowledge in the management of
natural resources has been gathering increased momentum in the last couple of decades, and the
Group is tasked with incorporating local/traditional knowledge in its evaluations in mandate points 3
and 6 (see chapter 2).

5.1 How the Group will approach these issues
This is a new dimension in the status evaluation of Tana stocks, and therefore some more
elaboration on how the Group will solve these two mandate points is needed.

There are processes currently on-going in Tana, in both countries, that represent a strong
development of the contact and cooperation between locals, researchers and managers. The Group
strongly endorses these processes, and recognizes how these processes provide an interface
through which the Group can further enhance and develop the present constructive and positive
tone. The current processes are clearly moving things and relationships in a positive direction and
therefore needs to be strongly supported, instead of creating new processes that potentially can
derail, delay and complicate things.

To meet point 6, the Group will prioritize participation in local meetings, both to disseminate and
discuss results and explicitly be open for local input, to ensure that an avenue exists for both local
evaluation of results and for the Group to receive local ecological knowledge.

This leaves us with point 3, which is a topic that deserves a more thorough discussion.

Local (ecological) knowledge (LEK) is tied to a place (e.g. a specific fishing place) and is knowledge
acquired through experience and observation, either over a single lifetime or over many
generations. In other words, an individual can accumulate LEK over the course of one lifetime
interacting with a local environment. Traditional (ecological) knowledge (TEK) is similar to LEK, with
the added requirement that it is an ancient or multi-generational accumulation of knowledge that
requires the population to be indigenous and requires embedding in a broader shared culture. For
simplicity, the rest of the discussion will refer to LEK only, but it will equally pertain to TEK.

It is suggested that supplementing scientific data with local and traditional knowledge can broaden
the information base needed for decision-making regarding resource management (e.g. Berkes et al.
2000), especially for resources that occur in remote locations where scientific studies are impractical
(e.g. Ferguson et al. 1998). The contribution from LEK becomes less useful for well-studied species
(such as salmon), and the contribution from LEK really needs to be put under scientific scrutiny
before it is used as a basis for management decisions (Gilchrist et al. 2005).

There has been an increasing formalized emphasis on LEK over the last couple of decades, which has

Ill

resulted in a segregation of information as either “traditional/local” or “scientific”. This segregation

might initially seem sensible and genuine, as there are some clear differences between what can be

called “traditional/local” and what is “scientific”. LEK and TEK is largely oral and visual, intuitive,
experience based, subjective and highly qualitative, while science is based on systematic data within

a model- or hypothesis-based framework which, through the use of a strict sampling design, are
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largely objective and quantitative. The usefulness and relevance of LEK/TEK therefore becomes
highly limited.

The attempts at segregating LEK/TEK from science also contain a strong element of
misunderstanding what science really is. Science is described as strictly hypothesis-based, linear,
oversimplified and reductionistic, and this description is used to illustrate how far removed science is
from the realities of nature. This is, of course, a fundamentally wrong description of science, and the
attempts at establishing LEK/TEK as an equal alternative to science becomes flawed.

Every bit of information is exactly that, information. And all bits of information have their place
within natural science and can be included. This is equally true within applied scientific studies of
salmon. So when fishermen, which are the contributors of LEK/TEK, complain that their knowledge is
not taken into account when scientific results and evaluations are presented, they largely do so
because they fundamentally misunderstand at which level and how LEK/TEK are included and used.

There are two very clear roles of LEK/TEK within scientific studies of salmon. First of all, LEK/TEK
represents a source of observations that can lead to new and alternative hypotheses which
subsequently can be put to scientific scrutiny. By themselves, local and traditional knowledge cannot
provide reliable answers about the actual quantitative effect of observations. For example, an
observation that salmon are eaten by a predator is, by itself, a valid descriptive observation of a
phenomenon (and therefore local or traditional knowledge), but this observation does not give any
indication about what quantitative effects, if any, this predation have on salmon stocks.

Secondly, LEK/TEK plays an important role as a source of observations that scientific results can be
tested and interpreted against.

These are the two roles of LEK/TEK that the Group will work towards. It therefore becomes highly
important for the Group to frequently attend meetings and have actual contact with local fishermen,
and through these interactions where stories are listened to and results are discussed, a richer and
broader knowledge-base for the scientific evaluation of stock status becomes possible.

One member of the Group, Tor G. Heggberget, suggests that the discussion above is not sufficient to
meet point 3 and 6 in the mandate and therefore proposes the following additional text:

To cover the interactions and communication between the Group and local
communities, and between local communities in the Tana system, a dialogue process
with broad and formalized local participation is needed. To integrate local and
traditional knowledge, and to collect information from local communities and
organizations and cooperate with such bodies in the dissemination of scientific results
to the public, a dialogue process is recommended to be established as soon as possible.
Dialogue processes must have a broad and local participation, and should normally be
conducted as early as possible to secure a sound scoping process (i.e. the process of
identification from a broad range of potential problems, a limited number of priority
issues to be addressed). The priority issues identified in a scoping process will, together
with identified drivers make the basis for cause-effect charts and recommendation
concerning needed research, monitoring and mitigating measures.
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For the understanding and acceptance of future management regulations of fisheries in
Tana from local, regional and national organizations, it is essential with involvement
and dissemination of scientific results. Through a dialogue process, a platform for
acceptance of future sustainable management of Tana salmon can be established. In
situations where acceptance of important knowledge is lacking, it is extremely
challenging to establish effective regulations.

5.2 Currentlocally raised issues

Locally there are three different positions that are put forward as local explanations of the current
negative stock development in Tana: (1) predation, (2) natural variation, (3) increasing number of
tourist anglers, and (4) decreasing number of gillnets. Each position is discussed individually below.

5.2.1 Predation

Throughout its life cycle, the salmon is an integral part of complicated ecosystems containing a large
number of different species. In all these ecosystems, the salmon lives with other animals that it can
eat, compete with and be eaten by. The salmon, thus, is a predator in the sense that it eats other
animals. Simultaneously, the salmon is a vulnerable prey that continuously risks being eaten. This
predation on salmon gets a high level of attention in situations when stocks are declining, expressed
in emotional accusations that predators are increasing in number and as a result eating all the
salmon. Many salmon predators, especially those that can eat adult salmon, are large and easily
spotted animals (e.g. birds, seals, otters), and their predation accordingly become an easily observed
source of salmon mortality. The end product is a situation where humans see predators as direct
competitors, and demand that predation should be kept in check through some form of predator
control.

The reality is that we, despite a century of research effort, still lack any evidence that a negative
stock development is directly caused by predators that occur naturally with salmon. Note that this is
not equivalent to saying that predation is not important as a regulatory mechanism. A research
review of salmonid predation shows that 36 of 45 studies (80 %) found predation to be an important
factor for salmon stocks (Mather 1998). But the role of a predator is much bigger than an isolated
interaction with salmon, with both direct and indirect effects of predators on salmon. The direct
effect is predation itself (the act of actually eating a salmon, which directly translates into a salmon
mortality). Indirect effects come from factors such as the predator eating competitors of salmon,
meaning that competition is lessened and the salmon will be doing better. Such indirect effects will
mitigate and counteract the negative direct effect of predation.

5.2.1.1 Therole of predators in ecosystems

Predators are an integrated and fundamental part of all ecosystems, and the predators have an
important role in regulating the number of different prey (Begon et al. 2006). Predators and prey are
in a form of balance in a naturally functioning ecosystem, with the number of prey regulating the
number of predators, and vice versa. Salmon stocks will fluctuate up and down, and these
fluctuations are the result of a complex relationship between environmental conditions, human
exploitation and predation. However, it has not been found that a predator, by itself, has been the
sole cause of stock decline. Prey, such as salmon, will have a diverse set of life history adaptations
that reduce the predation risk. Despite these adaptations, predation still is one of the most
important sources of mortality throughout the salmon life cycle (Mather 1998).
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Generally, predation is one of many factors affecting salmon. Predation and other factors such as
food availability and habitat availability (e.g. for spawning and juvenile production) are labelled
limiting factors for a salmon stock whenever they stop the stock from growing or are the direct
cause of decline (Newton 1998). The influence level from predation will vary, depending on other
factors. First and foremost, there must be some overlap in time and space between predator and
prey. A predator that is not present in a river or estuary when the smolt migration takes place, will
not be able to prey on smolt. Predators also have preferences for certain prey sizes, and this size
preference change with the predators own size. Often, a small fish will be more exposed to
predation than a larger fish (Juanes 1994). Introduced predators, such as mink, can often be seen to
have more of an impact than naturally occurring predators (Salo et al. 2007).

Intuitively, it seems logical that increasing the number of predators will cause increased mortality
and decreasing number of prey. The reality is, however, not quite this simple. The predator effect is
modified by how each predator species respond to variation in prey density (Begon et al. 2006). A
predator can respond either by changing its predation rate (a functional response) or changes in
prey density can lead to changes in predator density (a numerical response). Often, a high predator
density will result in an initial high predation rate and a rapid decline in prey density. But many
predators will respond to a lowered prey density by either moving to new feeding areas or changing
prey species, thus lowering the predation rate on the initial prey.

Prey density is, therefore, an important factor. It is also, in itself, a directly limiting factor for
predators. An example of this is the effect of shoaling. A shoal of smolt will attract predators and
lead to increased predator density. However, the act of shoaling also leads to lowered mortality risk
for each individual smolt, and in effect limits the total predation pressure.

If predation is to have a negative effect, it must be the cause of additive mortality, i.e. the predation
must cause mortality that exceeds mortality from other natural factors (Begon et al. 2006). During
the salmon life cycle, such additive mortality takes place both in the smolt and adult marine phase.
Here, the mortality is not density dependent, i.e. it does not vary with the salmon abundance
(Milner et al. 2003). Smolt and adult predation therefore can be considered additive and cause a
direct reduction in the number of returning salmon.

5.2.1.2 Predation during the salmon life cycle

The salmon life cycle involves the use of and migration between several different habitats. During
the first years, the salmon lives as a juvenile in freshwater, before smoltifying and migrating out into
the open ocean feeding grounds. After maturing, the adult salmon starts its spawning migration and
returns to its natal river. Throughout this life cycle, the salmon meets different predators with
differing potential effect.

Predation on eggs

It is the number of eggs produced by spawning females that forms the basis of juvenile production
and, consequently, the number of smolts. There are three main factors affecting the egg number:
number of females, female size and female fecundity.

During spawning, numerous fish accumulate around the spawning grounds. These fish will eat eggs,
particularly those that fall outside the spawning redds. An additional number of eggs will be eaten by
birds and benthic invertebrates. In evaluating the importance of egg predation, there is however two
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core issues that must be kept in mind. Firstly, eggs falling outside redds will die also without egg
predation. Secondly, there are density dependent stages in the life history after the egg stage, and
this will largely compensate for eggs lost to predation. For these two reasons, it is highly unlikely
that any loss in smolt numbers can be attributed to egg predation.

Predation on juveniles

The salmon spends its first years as a juvenile in freshwater (mostly in rivers and streams, but also
lakes). During this time, the juvenile salmon is continuously vulnerable for predation from
piscivorous fish (pike, burbot, trout), birds (goosanders, cormorants, herons) and mammals (otters,
minks), and research studies demonstrate that a significant proportion of the juvenile mortality rate
is due to these predators.

Despite this, it is very difficult to find evidence that show a significant negative effect of juvenile
predation on the smolt production in a river. Naturally, in a salmon stock, there is a tremendous
reduction in the number of fish during the juvenile years, especially during the first summer when as
much as 90 % of the fry (young-of-the-year) dies. Density dependent mechanisms are a core issue
here. Each river stretch only has room for a certain number of juveniles, and surplus fish will be
outcompeted and more exposed to predation. A significant proportion of juvenile predation will
accordingly be on juveniles that would have been outcompeted anyway. The mortality ascribed to
predation will therefore be compensated through better conditions and increased survival for the
surviving juveniles (Milner et al. 2003).

The occurrence of predators in rivers, streams and lakes is not automatically negative. Piscivorous
birds and mammals will, for example, eat other fish species in addition to salmon. This will reduce
the total number of fish, including a reduction both in the number of piscivorous fish and other
species that directly competes with juvenile salmon. These are relationships that also counteract a
purely negative effect of predation.

Predation on smolts

The salmon smolt stage has received the most study when it comes to the issue of predation
(Mather 1998). There are two main reasons for this. Firstly, smolt predation is likely density
independent with few compensatory mechanisms, and this might directly lead to a loss in
production. Secondly, the smolt stage involves a concentrated migration period, in which the smolt
moves in shoals downstream. During this downstream migration, the smolts move through different
habitats, from running water (in some river systems via lakes) out through the estuary into fjords
and eventually open ocean.

The smolt from many areas in Tana will have to pass through lakes with dense populations of pike.
The pike is an opportunistic piscivore that efficiently will shift between different prey species
depending on their relative availability, and it can therefore quickly change its behaviour and focus
on smolt when these move downstream. The result of this can be a significant predation rate.
Results from Finland indicate that pike larger than 40 cm were able to predate 29 % of the smolt
(Kekalainen et al. 2008). Note however that this high predation rate was on hatchery-reared smolt,
which is known to be more vulnerable to predation than wild smolt.

Birds, especially goosanders and mergansers, can also significantly decrease the smolt number.
These are flexible birds, and results from Scotland demonstrate that they are able to change both
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their diet and feeding area and focus on smolt during the smolt migration. These are changes
representing an adaptation to smolt as a food resource (Marquiss et al. 1991). Estimates from North
Esk (north-east Scotland) indicate that goosanders gather in rivers during spring and the resulting
predation reduce the smolt numbers by 3-16 % (Feltham 1995). Simplified models of salmon
production indicate that this predation can somewhat reduce the number of adult salmon returning
to a river (Shearer et al. 1987). However, some of these estimates of bird predation have been highly
criticized as they both overestimate the amount of fish eaten by these birds and underestimate the
number of fish that are produced (Wilson et al. 2003).

The occurrence of a large number of predators in an area is not a certain indicator of high predation.
Large numbers of goosanders gather in the Tana estuary, around 5 000 are present in the spring and
this number increases to 25-30 000 during the summer (Svenning et al. 2005b). The resulting high
density of goosanders could potentially cause a tremendous loss of smolts if all individuals were
feeding on salmon smolt during the smolt migration in June and July. Stomach content analyses from
1981 and 2000 demonstrate, however, that the main food item of goosanders in the estuary is
sandeels. An estuary is a highly productive area where high densities of sandeels, flounder and
capelin can be found. The estimated yearly food demand of the goosanders in the Tana estuary is
around 600 tonnes of fish, and this is largely covered by the high production of sandeels in the area.
Sandeels and flounder are probably the main reason also for the gathering of common seal in the
area.

Both in the estuary and further out in the fjord, the Tana smolt is exposed to predation by fish such
as cod and saithe. These can cause a high predation rate, up to 25 % outside the estuary of Surna
(Hvidsten & Mgkkelgjerd 1987) and Orkla (Hvidsten & Lund 1988). Acoustic tagging of smolt from
the River Alta indicate a mortality rate of over 25 % over a 17 km stretch out the Alta fjord (Davidsen
et al. 2009), while the mortality rate of smolt tagged in the River Eira was estimated at around 60 %
over a 37 km stretch in Romsdalsfjorden (Thorstad et al. 2007). Outside Eira, the mortality rate was
highest close to the estuary and decreased significantly further out in the fjord. Stomach samples of
piscivorous fish caught close to the Tana estuary in 2000 showed that most fish were eating sandeel
(Svenning et al. 2005a). This indicates that the predation rate in estuaries depends on the availability
of alternative prey, which might be the main reason for the large variation in estimates of predation
rate, from very low (Hvidsten et al. 2000) to over 40 % (Dieperink et al. 2002).

The estimated effect of predation on smolts depends on the level of salmon production in the
system. If the salmon stock is overexploited and target attainment is bad, the resulting smolt
production will be low. During the downstream smolt migration, the smolts gather in shoals and the
size of these shoals will to a degree depend on stock status. As the shoals move downstream, they
will have to pass through areas with predators. These predators will only have a limited time window
available to catch the smolt before the shoal has passed. The ability of a predator to catch smolt is
not unlimited; it can only handle a limited number of smolt within a given period of time. An
example of this can be created to illustrate: Imagine that the predators in an area of a river are able
to catch 20 smolts during the time it takes for the smolt shoal to pass. With low smolt recruitment
(from poor stock status), most shoals might consist of 50-100 smolts. In this case, the predators
would be able to remove 20-40 % of the smolt. With high recruitment (from a good stock status
where the spawning target is attained), smolt shoals might consist of for example 500-1 000 smolts.
In this case, the predators would be able to remove only 2-4 % of the smolt.
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From this, it can easily be seen that the best approach to deal with predation really is to make sure
that spawning targets are reached. This ensures that smolt production will be maximized and
minimize the relative effect of predation.

Predation on adults

Predation on salmon out in the open ocean feeding areas is little known and, due to logistical
reasons, difficult to study. The salmon grows fast while out in the ocean, and this growth gradually
makes the salmon less and less vulnerable to predation. There are however lots of reported
observations of salmon found in the stomachs of marine fish and mammals and it is therefore
probable that adult salmon are exposed to some marine predation (Mills 1989). Especially marine
mammals are thought to feed on salmon. Both seals and killer whales are known to eat a significant
amount of salmon in the northern Pacific (Quinn 2005). There are observations of minke whale
eating salmon in the Atlantic, and there are at times significant numbers of seal and whale (such as
killer whales, dolphins and different baleen whales) in the same areas as salmon. It is therefore
probable that these forms a predation risk for salmon.

Predation during the salmon spawning migration, when the salmon swims from open ocean feeding
areas back to its natal river, has received the most attention. The primary visible predators in this
phase are seal, and then especially grey seal and harbour seal which can gather in river estuaries
(Middlemas et al. 2006). The seal is a direct problem for fishermen, with its ability to take salmon
directly from gillnets (Henriksen & Moen 1997). Seal-predation on salmonids in estuaries is
commonly observed (Carter et al. 2001; Matejusova et al. 2008), even in estuaries with lots of
alternative prey such as sandeels (Sharples et al. 2009).

Models of the potential effect of seal predation show a potential negative effect on small salmon
stocks (spawning stock size under 50 salmon), but the effect on a larger stock is very difficult to trace
(Butler et al. 2006). The reason for this is partly the nature of a predator. A predator such as a seal
will never take a fixed percentage share; it will only be able to take a maximum number of prey.
With increasing stock size, this maximum number constitutes a decreasing percentage share, and
the relative importance of predation will decline correspondingly.

5.2.1.3 Should predators be controlled?

The effect of predation is complex, and it can be very difficult to relate changes in predation
pressure to changes in salmon stock status. Predation effects are most likely found in the smolt and
adult stage, and the smallest stocks are expected to be most vulnerable to this predation. Small
threatened stocks that are under pressure from other threat factors are therefore places where it
might be worth following up on potential effects of predation.

A negative salmon stock development almost inevitably leads to demands that the number of
predators should be controlled. However, the salmon is, throughout its life cycle, a part of complex
ecosystems in which predation pressure varies (Mather 1998). Both in freshwater and out in the
ocean, the salmon is part of complex food webs in which species interact through competition and
predation. All these interactions make it extremely difficult to predict the outcome of selectively
controlling some predator species. For example, reducing the numbers of seal in a fjord might
reduce the predation of seal on adult salmon. It might however also reduce the predation on cod
and saithe, which might increase the predation on salmon smolt. The net result might be no change
(or even an increase) in the predation pressure on salmon (Yodzis 2001; Wiese et al. 2008).
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Removing piscivorous birds (e.g. goosanders or terns), which feed on juvenile fish from all available
fish species, might reduce the predation rate from birds on juvenile salmon. However, it will also
reduce the pressure on other fish species, which might lead to increased predation from piscivorous
fish (such as pike) and/or increased competition from other fish. And an attempted reduction in the
number of pike usually means removing the bigger pike first. These big pike extensively feed on (and
regulate the abundance of) smaller pike. Removing the big pike then increases the number of
smaller pike, and it is these smaller pike that potentially feed most on juvenile salmon. The end
result, again, is a potential increase in predation pressure on salmon, despite attempts to reduce it.

When speaking with people in the Tana valley, a common viewpoint that is put forward is that
“predators are increasing in numbers”. Implicit in this is that predation is a factor that can run wild if
it is not controlled. There are no documented examples of predation, by itself in a functioning
ecosystem, running wild and causing a strong negative stock development. We do, however, have
examples of how humans, by changing the balance between species, can cause the predation
pressure to change between species. For example, at sea, overfishing of one fish species have forced
predators to seek alternate prey, and these other prey then experience increased mortality due to
predation. There is the potential for something like this in the Tana. The Tana estuary has an
incredibly high biomass of sandeels, and if human influence reduces this biomass considerably,
predators such as seal and goosander might have to start feeding on alternate prey. This can cause
increased predation pressure on salmon and sea trout in the estuary.

In conclusion, existing data and models all point in the same direction: When it comes to reducing
the effect of predation, the single most effective measure is to increase the fish production by
making sure that the different salmon stocks reach their respective spawning targets.

5.2.1.4 Is predation a threat for Tana salmon stocks?

The short and simple answer to this is no. Predation as a mechanism simply does not work in a way
that would allow for a negative stock development caused by increased predation. Predation is not
the cause of a negative trend, but the presence of predation, especially on smolt and adult salmon,
might amplify an existing negative situation (e.g. caused by human overexploitation) through
reducing the number of returning adult salmon.

5.2.2 Natural variation

The argument here is that salmon stocks are naturally varying between good and bad years, and the
current situation is therefore simply explained as bad years that the system will naturally rebound
from.

The existence of natural variation is definitely real. The environmental conditions experienced by
salmon both in rivers and in the ocean vary naturally from year to year, and this environmental
variation has a direct effect on salmon, causing variation in survival, recruitment and growth. This
variation translates into fluctuations up and down from year to year, as seen in Figure 5.

However, pointing to natural variation is a fundamentally flawed argument when it comes to
assessing current stock status and its implications for the salmon fisheries in Tana. There are several
reasons for this. First of all, this argument demonstrates a misunderstanding about the status
evaluation and its implication for fisheries regulations. The status evaluation is very much a current
issue, comparing the spawning stock size with an established management target. The future aim of
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the fishery regulation is to keep spawning stocks above targets both in good and bad years. The
existence of natural variation can therefore not be used as an argument to state that the current
spawning stock levels are acceptable because they are caused by bad years.

Secondly, some of natural factors causing fluctuations in a salmon stock are not operating only in
Tana, they are regional factors that affect salmon stocks on a larger scale. This is especially true for
ocean conditions. If, for instance, the bad spawning stock situation in Tana were caused by low sea
survival, we should see an equally bad stock situation also in neighbouring salmon rivers in
Finnmark. The reality is that these rivers are seeing a positive development (see chapter 9.7).

Last, but not least, if natural variation were the only factor causing fluctuations in Tana, the overall
trend in the long-term time series of Tana should be flat, with the natural variation fluctuating above
and below a long-term average. The reality is that a downward slope can be seen, e.g. in the long-
term monitoring of large salmon in the river system (Figure 11 and Figure 12). This should be
interpreted as a long-term negative trend with natural variation fluctuating up and down around the
negative trend.

The inevitable conclusion from this brief discussion is that there must be other external factors (such
as exploitation) involved in the negative development seen in the Tana river system. The current
situation cannot be written off as simply natural variation.

5.2.3 Increased tourist angling

The argument here is that the substantial increase in number of visiting tourist anglers that were
seen in the 1970s and 1980s have led to an increase in the exploitation rate and that this increase
are the direct cause of a negative stock development. This argument is correct in that it points to a
problem with the total exploitation rate, but it is incorrect in singling out tourist anglers as the
source of the current negative situation. Tourist anglers are only one of several sources of
exploitation mortality on stocks in the Tana river system, and it is the combined effort of all these
different fisheries that, in an accumulated sequential way, causes the total exploitation rate to be
unsustainably high. Further discussion on this topic can be found in chapter 9.8.

5.2.4 Decreased number of gillnets

An argument that has been repeatedly raised is that falling catches of salmon can be ascribed to the
decrease in number of gillnets in Tana (see chapter 8.5). Fewer gillnet mean less salmon in the catch
statistics, and this is presumed to explain the alarming stock situation. There are some problems
with this argument. Firstly, the stock situation is evaluated on the basis of spawning stock size in
comparison with a spawner target. A falling trend in number of gillnets will therefore not affect the
status evaluation in any way. Secondly, there is a clear logical fallacy in this argument. The argument
basically states that we have seen no changes in the number of salmon ascending the river system in
the last decades and that lower catch numbers are due to lower fishing effort. From this it follows
that as the number of gillnets decreases, the number of surviving salmon increases and the
fishermen that are still active should experience a perceived increase in the number of salmon
available for their fishery. This is, of course, not the case.
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6 Threat factors

Very little has changed with regards to the threat factors detailed in the report of the temporary
monitoring group (Johansen et al. 2008), and with the exception of the chapter on overexploitation
only minor details have been changed from the previous text.

6.1 Gyrodactylus salaris

The parasite G. salaris is not yet found in Finnmark. The nearest Norwegian localities with G. salaris
are the rivers Skibotnelva and Signaldalselva in Troms. In Finland and Sweden the parasite is found in
several rivers flowing into Bottenvika. The parasite belongs to the natural fauna of the large River
Tornionjoki/Torneélv, and through fish farming have also been introduced to the Enare lake (which
forms the source of the River Paatsjoki/Pasvik). Some of the headwaters of both these systems are
situated very close to the source areas of the Tana river.

As of now, we have only a couple of options available with regards to the parasite: (1) preventative
measures and (2) monitoring.

Anglers visiting the river are receiving information about the parasite, and on the Norwegian side
they are also required to disinfect their fishing equipment before they are allowed to buy a fishing
license. On the Finnish side, the responsibility of each angler having clean/dry equipment is a legal
obligation in the 2003 Finnish veterinary regulation. In recent years, efforts have been markedly
increased in both countries to distribute information in different forms widely to the local and
visiting fishermen.

Tana is part of the Norwegian national monitoring of G. salaris, and samples of juvenile salmon are
taken each year and checked for presence of the parasite in both countries. As of now, however, no
plan of actions exists for what to do in case the parasite in the future is discovered in the river
system although veterinary authorities (EELA) at least in Finland are working at the moment to
prepare such kind of action plan. Also, to ensure early discovery of an infection, the monitoring
needs to be redesigned and extended to give a better coverage of different areas within the system.
Further restrictions should be introduced to prohibit the back and forth transport of boats between
the River Tana system and other watersheds.

6.2 Proliferative Kidney disease

Highly reduced catches and significant juvenile mortality in some Norwegian salmon rivers such as
Abjgra (Nordland) and Jglstra (Sogn & Fjordane) were in 2006 suspected and recently found to be
associated with proliferative kidney disease (PKD) (Forseth et al. 2007). There have been plans to
accomplish a pilot screening in Tana, but this has not been carried out so far. We suggest that this
pilot should be accomplished as far as possible, associated with other monitoring (e.g. that of G.
salaris), to confirm the potential of PKD as a threatening factor for Tana salmon.

6.3 Cottus gobio

The bullhead (Cottus gobio) is a newly introduced fish species in the Tana river system. It was first
observed in Utsjoki in 1979, and has increased its distribution in that tributary since. Ten years ago
the bullhead was first observed in the Tana main river at quite many places between the river mouth
of Utsjoki and downstream to the Storfossen/Alakéngas area. This new fish species has also been
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found already approximately 5-10 km upstream from the river Utsjoki in the River Tana in the
Kordsam-Kaava area. The bullhead that have been detected during the annual juvenile salmon
survey have been larger than 4 cm, indicating that they most probably have been migrating from the
River Utsjoki and they might therefore not be from bullhead that have spawned in the River Tana.

There have been some studies of the potential interactions between bullheads and juvenile
salmonids. It is found to be frequent in areas with low salmon density but is seldom found in high
abundance in areas with a high salmon density, but decisive answers about its impact on salmon are
still lacking. Focus should be kept on the bullhead in the annual juvenile monitoring, especially to see
if the observations from Storfossen/Alakéngas and upstream of the River Utsjoki river mouth
represent a new establishment. Most probably there will occur some competition between juvenile
salmon and bullhead in the River Tana because there are not such kind of habitat segregation like
lakes and pools which can be found in the River Utsjoki, where salmon and bullhead currently can
live separately.

6.4 Escaped farmed salmon

The production levels of the aquaculture industry have increased tremendously since its infancy in
the early 1970s, and today the natural production of wild salmon is vanishingly small compared to
the production of farmed salmon. In 2010, 1 000 000 tonnes farmed salmon were produced in
Norway, while the river catch of wild salmon in comparison were only around 430 tonnes, of which
approximately 20 % were taken in the River Tana.

Farmed salmon used in Norway can originally be traced back to around 40 Norwegian wild salmon
stocks. Through intensive selection in 8-9 generations, the salmon now is very much adapted to a life
in fish farms (Gjgen & Bentsen 1997) and genetically very different from wild stocks.

Farmed salmon can potentially escape from fish farms throughout their life cycle, and today escaped
farmed salmon are caught in fisheries both out in the open sea, along the coast, within the fjords
and in the rivers. It is documented that farmed salmon can spawn successfully in rivers (Lura &
Seegrov 1991).

The hybridisation between escaped farmed salmon and locally adapted wild stocks is a major cause
of concern, as it will cause potentially detrimental genetic changes to the wild stocks that can reduce
viability of the stocks. A high proportion of escaped salmon in the catches can also hide the real
population size of the wild salmon, a problem that can complicate the fish management of rivers.

Autumn registrations of the amount of farmed salmon present in rivers have been conducted in
Norway since 1985, and in several rivers high proportions have been recorded. In Tana, registrations
of farmed salmon have come from two sources: 1) the regular scale samples taken from fishermen
during the summer, and 2) monitoring fishing close to the river mouth during the autumn (1990/91,
1996/97 and 2003/04). The proportion of farmed salmon in the catches during the summer has been
very low, well below 1 %. In the autumns of 1990 and 1991, the proportions were at their highest
with 43-47 % (Erkinaro et al. 2010). However, the numbers of fish caught in the samples were only
19 and 7, respectively. The proportions of farmed salmon in the other autumn investigations was 0-
13 %, but still with low total numbers of fish (8-21).
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After the formal ratification of the Tana fjord as a national salmon fjord in Norway in 2003, all
aquaculture in the fjord has been closed.

The Group recommends the continuation of the monitoring through the scale samples. Normally
most of the salmon fishermen in the lower section in the Tana system stop their fishery already in
the end of July or very beginning of August and therefore their catch does not indicate the
abundance and run timing of escaped salmon in that area. Earlier studies have indicated that
escaped salmon are ascending also into the River Tana late in the season (September) and therefore
some fishermen should continue the fishery to the end of August in the lowermost area of the main
stem. In addition, extra post-season sampling should be conducted at regular time intervals, for
example every 5" year.

6.5 Water quality

The Tana River valley has settlements on both sides, with extensive agricultural activity both in the
lower and upper areas. The human activity can potentially cause pollution and eutrophication,
making it necessary to keep a focus on water quality. This aspect will be taken care of through the
implementation of the European Water Framework Directive, the work of which started in Tana in
2007.

6.6 Overexploitation

Human exploitation have for a long time now been the most important cause of mortality for adult
salmon during their spawning migration. Historically, an increasing number of examples have shown
us that it is possible to draw too heavily on salmon stocks through exploitation. However, history
also teaches us that it is possible to have a sustainable and at the same time extensive fishery for
salmon. The only caution in this comes from the problems that potentially can arise from fisheries
induced evolution; a topic that should receive more attention in Tana.

Exploitation is, simultaneously, both a management target and an impact factor for the salmon
stocks. The management should aim for stocks that fulfil their production potential, a situation that
provides the best possible foundation for a rich fishery that favours local communities, rights holders
and visiting anglers. Through the salmon fishery, fish are removed that would otherwise be a part of
the spawning stock. It is inherently assumed here that this removal should be sustainable, i.e. that
the fishing takes place on a stock surplus. This means that a stock exploitation evaluation should
depend heavily on estimates of management target attainment, as management targets (such as the
spawning targets that have been developed for some Tana tributaries) defines a lower acceptable
limit for stocks. From this, it follows that a full-recruited stock is overexploited when fishing reduces
the stock below the target (Figure 19).

Overexploitation can therefore be defined as the extent of a reduction in spawning stock below the
target that can be attributed to exploitation. In a situation when the pre-fisheries abundance of a
stock is smaller than the spawning target (i.e. no exploitable surplus exists), the percentage
overexploitation can be calculated as:

catch
X 100

spawning target
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When the pre-fisheries abundance is higher than the spawning target, the overexploitation is
calculated as:

spawning target — spawning stock

x 100

spawning target

Spawning

target

Catch + spawning stock
Catch + spawning stock

Pre-fishery abundance Pre-fishery abundance

Figure 19. The left figure shows a situation without overexploitation, as the spawning stock is not reduced below the
spawning target because of exploitation. The right figure shows a situation with overexploitation, as the spawning stock
is reduced by exploitation below the spawning target. The stipled green line represents the spawning target. The bright
red part of the right figure (between the blue spawning stock and the dark red catch) depicts the part of the catch that
represents overexploitation. Please observe that it is only the part of the catch that is between the spawning target and
spawning stock that is characterized as overexploitation, the catch above the spawning target is not included. Figure
from Anon. (2010).

A direct consequence of a reduction in spawning stock through overexploitation is reduced smolt
production and, consequently, fewer returning adult salmon. There are, however, also other
possible negative effects of overexploitation. Exploitation, by its nature, inevitably causes a
significant proportion of the adult salmon to die before spawning, and this mortality leads to a high
selection pressure that can cause genetic changes in the population (Hard et al. 2008). Changes can
be seen in the salmon life history, for example reducing the proportion large salmon, shifting the run
timing towards later river entry, or change survival, growth and habitat use so that the production
potential of the stock becomes reduced. These are examples of unwanted changes that can be
difficult to reverse. We have very little knowledge about what level of exploitation can cause such
evolutionary changes in salmon stocks, but simulations indicate that exploitation at the level of
maximum sustainable yield (F.,) has a low probability of causing evolutionary changes (Hutchings
2009).

In practical terms, sustainable yield is not a fixed quantity. This is a major challenge for salmon
management, as stocks must be kept at a sustainable level despite uncertainties in how
environmental factors affect salmon stocks at any given time. First of all, salmon survival, both
freshwater and oceanic, is very variable both in space and time, making it inherently difficult to
estimate run size before the fishing season. Making management decisions therefore becomes
difficult. Secondly, there is uncertainty in how different environmental conditions affect salmon
survival, and this uncertainty becomes increasingly difficult to cope with as the climate itself appears
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to be changing. Thirdly, there is substantial uncertainty about the relationships between
management actions, exploitation efficiencies and the resulting spawning stock sizes.

The exploitable surplus will, therefore, vary both with the size of previous spawning stocks (relative
to the spawning target) and within the limits set by other influencing factors both in the river and at
sea. Environmental factors in the river and size of the spawning stock ultimately decide the smolt
production, which, together with sea survival, decides the pre-fishery abundance of adult salmon.
The extent to which different stocks can be exploited will therefore have to be calculated
individually from stock to stock and year to year, depending on the characteristics of each stock and
the available knowledge of environmental factors in river and at sea.

A very simplified model can give a hint about which exploitation levels, given different levels of sea
survival and smolt production, a salmon stock can sustain before it falls below its spawning target
(Figure 20). A basic premise of the model is the relationship between smolt production and
spawning stock from the spawning target model of Hindar et al. (2007). With sea survival at a
medium level (5 %), a total exploitation of over 50 % can be sustained even if smolt production is
somewhat reduced (>75 %). At higher sea survival (>10 %), a total exploitation of up to 80-90 % can
be sustained. The maximum sustainable exploitation rapidly declines with both low sea survival and
low smolt production (a situation that equals poor target attainment).
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Figure 20. Maximum sustainable exploitation rate in a river under different levels of sea survival and six different smolt
production scenarios (from 10 to 100 % of the river capacity). Maximum exploitation is the rate at which the resulting
spawning stock falls below the spawning target. The different lines (10-100 % smolt production) corresponds to reduced
smolt production that can be caused by earlier spawning below the spawning target and/or impact factors that reduce
juvenile/smolt survival. The model is based on the relationship between smolt production and spawning stock from
Hindar et al. (2007). Figure from Anon. (2010).

The estimated maximum exploitation in Figure 20 is based on the stock recruitment (hockey stick)
and smolt production from the spawning target models of Hindar et al. (2007). The reproductive rate
of a stock is at its maximum when the spawning stock gets close to zero, and this maximum rate can
be described by the slope of a stock recruitment curve close to the starting point of the curve. A
review of different stock recruitment curves indicate that this slope is relatively consistent among
different fish species, with a slope of 3-5 commonly observed for salmon (Myers et al. 1999). In the
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absence of other affecting factors, a maximum reproductive rate of 3-5 translates to a maximum
sustainable exploitation rate of 65-80 %, slightly lower than the estimates from Figure 20.

The estimated maximum exploitation rates are total exploitation of female salmon, accumulated for
both coastal and river fisheries. Within Norway, estimates of total exploitation vary substantially
from region to region. In southern Norway, the estimated total exploitation is around 50 %, in
middle Norway around 40 % and in northern Norway 70-80 %. The observed level of exploitation in
northern Norway is very close to the modelled maximum in a situation with good sea survival and
little to no reduction in smolt production (Figure 20). The current management regime therefore has
very little buffer against changes in environmental conditions in northern areas (including Tana).

The model of maximum sustainable exploitation can be used to simulate the level of negative effects
that exploitation can have on spawning target attainment (Figure 21). The maximum sustainable
exploitation rate sinks rapidly both with low sea survival and reduced smolt production, illustrating
the potential importance of other impact factors for fisheries interests. Noteworthy also in Figure 21
is that there is a very small difference between an exploitation rate that produces a large negative
effect and exploitation with no effect, even in a situation with relatively high sea survival and good
smolt production. This greatly underlines the importance of managing with a safety margin.

100% 50 % 10%
1 14 1
0.9 0.9 1 0.9 1
8 0.8 0.8 1 0.8 1
C o7 07 4 07 4
c
0.6 0.6 - 0.6 -
9 == No effect
'*('6 0.5 0.5 1 0.5 1
— Small effect
S 04 - 04 4 04 4
é— 03 4 Moderate effect 03 4 03 4
] 02 4 = Large effect 02 4 02 4
0.1 A 0.1 4 0.1 4
0 ++ T T T d 0 T T T d 0 T T T 1
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
Seasurvival

Figure 21. The exploitation rate that leads to no (spawning stock at or above spawning target), small (spawning stock
>90 % of target), moderate (70-90 %) or large (<70 %) negative effects on spawning target attainment at different levels
of sea survival and smolt production. Three different scenarios for smolt production: 100 % (left), 50 % (middle) and 10
% (right). Reduced smolt production can be caused by spawning stock below spawning target and/or impact factors that
reduce juvenile/smolt survival. Figure from Anon. (2010).

Both Figure 20 and Figure 21 demonstrate how the maximum sustainable exploitation rate sinks
rapidly with lowered sea survival. This is a vulnerable and difficult situation for the fisheries
management, and points to the need for establishing accurate monitoring indicators that can
provide early estimates of annual sea survival and can be used to trigger season-specific fisheries
regulations in situations with a low pre-fishery abundance. Stocks inevitably become more
vulnerable towards fisheries selection when impact factors create lowered survival (both in river and
sea). The monitoring must, accordingly, be designed so that it intercepts important demographic
factors and life history traits. Examples of important factors are fish size, migration timing, stock-
specific exploitation rates, growth (size at age) and ability to reproduce (Kuparinen & Merila 2007).
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6.7 Paralithodes camchaticus

The red king crab (P. camchaticus) was introduced artificially into the Murmansk fjord (Russia) from
the Pacific in the 1960s, and has since this introduction spread rapidly and extensively west along
the Norwegian coast. The first crab was caught in Norway in the Varanger fjord in 1976, and since
then the crab densities have increased greatly with population sizes today estimated to be close to 1
million.

The crab is an omnivore, digesting everything from cod larvae to other crabs. This, combined with
the high densities, is causing some alarming large-scale changes in the benthos species composition,
changes that might ripple out through large parts of the marine ecosystem. Presently we have no
knowledge about potential effects of this invasive species on the marine phase of Atlantic salmon,
but the sheer scale of the changes makes it important to keep an eye on this in the future.
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7 Stock monitoring

There is a separation in the present report between stock monitoring (this chapter) and stock status
evaluation (chapter 1). This separation might initially be confusing, as the monitoring traditionally
has been used directly as a tool for evaluating stock development and status. The primary objective
of monitoring is gathering of data and knowledge. In the context of a target-based management,
stock-specific targets are defined and the objective of a status evaluation becomes to benchmark
these targets using the data gathered through monitoring.

Monitoring of the salmon stocks in the River Tana is based on long-term investigations carried out
and funded jointly by Finnish and Norwegian research bodies and authorities. The long-term
monitoring programme includes:

e (Catch and fishery statistics (present form since 1972)
e (Catch samples (since 1972)
e Estimating the juvenile salmon abundances at permanent sampling sites (since 1979)

Following the NASCOs Precautionary Approach and Decision Structure, the need for a closer and
more detailed monitoring of the mixed-stock fisheries has become evident. The existence of a
mixed-stock fishery raises the complexity of the management and makes it difficult to evaluate how
each stock is affected through exploitation. This is the main reason for the implementation of a
genetic stock identification project (GenMix, see Chapter 7.2) in 2009.

7.1 Catch sampling

Catch samples (i.e. scale samples) have been collected since 1972 with the aim of covering the river
system, different fishing gears and user groups, and the fishing season as well as possible. Dozens of
local fishermen using traditional netting methods and rods, and a number of tourist outfitters
collecting samples from their clients have participated in sample collection over the years. The
samplers have been equipped with standard measuring boards (length) and scales (weight) and
carefully instructed to carry out the sampling. Samples reveal the distributions of salmon size, sex
and age in catches, and the scales are used primarily for age and growth analyses, but recently also
for genetic analyses and Stable Isotope studies.

7.2 Monitoring of the main stem mixed-stock fishery

Rather than being a single entity, the salmon found migrating up the Tana main stem comes from a
multitude of different sub-populations that are genetically distinct and demographically
independent (Figure 3). Therefore, salmon fishery acting at various locations in the Tana main stem
can be considered as a mixed stock fishery exploiting salmon that originate from a number of
populations (or stocks) > from different parts of the river system. Exploitation of different stocks is

A population in biology is a collection of inter-breeding organisms of a particular species. Within the Tana
river system, there are thus several salmon populations, more or less spatially separated to different areas
(mostly separate tributaries) of the system, with a certain degree of reproductive isolation that give rise to
genetic differences. A stock usually describes semi-discrete groups with definable attributes of interest to
management, and in the case of this proposal these attributes mainly corresponds to the definition of a
population. Throughout the text, the terms can thus be used interchangeably.
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likely to vary with different fishing methods on a spatial and temporal scale (e.g. within and between
seasons). It also seems likely that different stocks in the Tana system show various levels of viability
status, i.e. some stocks are more vulnerable than others to a threat factor such as effective
exploitation.

The riverine salmon fisheries in Tana include commercial and traditional fishing methods such as
weir, gill net, seine and drift net, in addition to the more recreational use of rod and line. Fishing in
the lower part of the Tana main stem is mixed-stock fishery throughout the season, whereas this is
true for the upper part only until the second half of July, when stocks from the tributaries have
mostly ascended into their spawning rivers. In the upper parts of the main stem, fishing in August is
directed to sub-stocks reproducing mainly within the main stem.

The use of management targets as a tool for evaluating stock status is a daunting task in the
presence of mixed-stock fisheries, and good estimates of exploitation rates for the different stocks
within the mixed-stock fishery are an absolute necessity when comparing stock performance to
spawning targets. Differing levels of exploitation will greatly affect the probability that a stock
reaches its management target.

In the GenMix-project, scale samples from the Tana main stem mixed-stock fishery is analysed
genetically (see Vaha et al. 2011 for a detailed account of the laboratory methodology) and
compared with a genetic baseline consisting of genetic data from salmon of known origin. This
allows individual fish caught in the mixed-stock fishery to be assigned to a population of origin within
the Tana river system.

A broad summary of the stock composition in the Tana main stem mixed-stock fishery in 2008 is
provided in Figure 22, demonstrating how the weekly stock composition changes for 1SW, MSW and
previous spawners throughout the season. The run timing and stock composition of 1SW, MSW and
previous spawners differ. For MSW salmon, the upper stocks arrive early and dominate the catch in
the first weeks of the season. This early trend is not evident for 1SW and previous spawners. Later
on, after week 25, MSW salmon from different parts of the Tana main stem become predominant in
the main stem catch. The same, to a certain degree, is true for 1SW salmon but not for previous
spawners. A large proportion of the previous spawners belong to tributaries of the Tana river
system, and as for MSW salmon from the upper stocks, these previous spawners also arrive early.

The early arrival of both MSW salmon from upper stocks and previous spawners from tributaries is
an example of a highly relevant management result. MSW salmon are the most important
contributors of eggs in the Tana main stem and the upper large tributaries (Anarjohka/Inarijoki,
Karasjohka and lesjohka), and the previous spawners have much the same role in smaller tributaries
(in which the previous spawners might well be the largest females present on the spawning
grounds). Drift net fishing in the first weeks of the season ensures that there is an efficient fishery
present early in the season, in a period where high water level from the spring flood otherwise
makes it difficult to fish.

In the Tana main stem fishery, several different fishing gears are used to exploit Tana salmon on its
spawning migration towards the spawning grounds within the river system. We have, thus, a
situation where different stocks within the system are exploited (mixed-stock) with different
methods (mixed-gear) in different areas and seasons. Each fishing method potentially has its own
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selectivity in terms of exploitation rate on different life-history traits (e.g. 1SW versus MSW), body
size and even sex, making it very challenging to get any control of the actual exploitation rates of
each stock.

For the management, this situation is extremely challenging. How do we evaluate stock situations,
select which regulations to implement and publicly relate the reasoning behind? What about the
specific goals of the regulation and the information basis that is used? And what about natural
variation (the existence of which is frequently used as an argument against regulation)?

Tana salmon stocks are exploited by a heterogenic group of people representing various social
backgrounds with a lot of cultural and traditional considerations that needs to be considered. This
aspect further complicates the regulation process, as the traditional perception is that all regulatory
processes will have to be very clearly founded in clear monitoring and research results before some
of these traditional aspects can be touched. The ideal situation would therefore be to have tools that
could quantitatively and target-specifically evaluate the effect of regulations, a quantitative
framework within which managers can implement regulations and evaluate status. The only way of
achieving this is through the construction of an exploitation model.
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Figure 22. Weekly stock composition of salmon caught in the Tana main stem mixed-stock fishery in 2008. (a) 1SW, (b)
MSW, and (c) previous spawners.
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In a large-scale long-term project, close to 200 000 Baltic salmon smolt (both wild and hatchery-
reared) have been tagged and released in the period 1987-2003. Tag recovery rates have been only
5-6 %, so although with these huge numbers of initially tagged fish, catch data are still to some
extent too limited to allow for detailed modelling of exploitation rates in the Baltic Sea mixed-stock
fisheries. The Baltic Sea modelling thus illuminates a basic methodological problem connected with
the tagging approach in a multi-stock system: an enormous effort over several years is needed to get
even close to a sufficient catch data level. In contrast, with genetic identification methods each fish
caught in a mixed-stock fishery in the Tana river is essentially already “tagged” through its genetic
profile and can be assigned to its own population (tributary) with a very high accuracy. Although
genetic identification methods rely on probabilities, the power of this analysis comes through the
amount of data points that are quickly and easily accumulated. Furthermore, genetic methods allow
taking advantage of historical data and archived scale samples in addition to present-day data. A
genetic approach thus ensures that the data basis for the model has a good spatial and temporal
coverage. This coverage is lost in a tagging survey with comparably few fish. The temporal aspect is
also problematic in a tagging approach, as the historical annual temporal scale is close to impossible
to incorporate.

Through careful parameterization, an exploitation model has the potential to explicitly and
quantitatively predict changes in population specific exploitation rates through regulatory changes in
e.g. allowed fishing gear, fishing time and/or fishing area. As a result of all this, the model approach
should enable managers to pinpoint regulations towards highly specific targets, e.g. find specific
regulatory measures that could reduce the exploitation on the large-sized stock component in the
upper parts of Karasjohka and lesjohka. Also, with the flexibility and modularity provided within a
Bayesian modelling framework, future projects and future information on e.g. natural variation, can
easily be implemented in the model to refine and increase power of the model output.

Currently, full datasets from 2006 and 2008 are available, while data from 2007 are very close to
being finished. The number of stocks in the Tana stock complex combined with the long fishing
season, large area and different fishing gears provide a unique challenge for the exploitation
modelling, and the current main obstacle is that a high number of fish are needed to ensure
relatively stable model parameters.

7.3 Fish counting

Data on salmon run size are essential in several regards: to estimate spawning escapements,
exploitation rates, and to investigate the relationships between stock and catch, and between stock
and recruitment. Counting of fish is, therefore, a core monitoring activity in an adaptive, knowledge-
based management regime.

There are two main approaches to fish counting that have been used for a number of years now in
Tana:

e Counting of both ascending adult salmon and descending smolts by a video array in River
Utsjoki (since 2001) and Laksjohka (since 2009)

e Counting of spawning adult salmon by snorkelling in two tributaries (Akujoki, Pulmankijoki,
since 2003)
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These fish counts have provided highly useful information on salmon abundance and diversity, and
by combining data on smolts and adult salmon, marine survival rates have been estimated for these
populations. In addition, counts of adult salmon (Figure 23) combined with catch data can be used in
estimating the compliance with the spawning targets (see Chapter 1). Fish counting is also a
necessary supplement to the genetic stock identification of the mixed-stock fisheries, as they are
needed to back-calculate exploitation rates in the main stem and coastal areas.
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Figure 23. Counts of descending salmon smolts (left) and ascending adult salmon (right) at the River Utsjoki video
monitoring site. All sea age groups combined in adult salmon.

Hydro acoustic sonars has the potential to be used in in long-term non-invasive, non-destructive fish
counting technique for monitoring the abundance if migratory fish populations. Sonar methodology
(SIMRAD split-beam sonar) has first been experimented in the Tana river in the late 1990s with
mixed results. More recently, dual-frequency Identification sonar (DIDSON) technology has been
tested first in 2008 (Tana bru, Utsjoki), and for a full season counting experiment in 2010
(Karasjohka; Lilja et al. 2011). The experiment in 2010 proved promising, although certain
improvements should be considered in future decisions. A total of around 1 700 fish (>50 cm)
migrated upstream the monitoring site including around 650 MSW salmon.

In 2011, potential sites for future sonar counting sites were investigated in Karasjohka, Anarjohka
and Maskejohka (Oraluoma & Orell 2011; Jarnegren et al. 2012). Future sonar counting options
together with potential funding opportunities are under planning and consideration.

7.4 Juvenile monitoring

In the absence of true measures of the salmon run sizes, the salmon catch is considered to represent
a surrogate of abundance. The lack of catch quotas for any fisheries in the Tana, the significant
correlations in the Atlantic salmon catches between fishing methods and significant relationships
between the estimated numbers of salmon in the catches and the abundance of juveniles in
subsequent years indicate that the catch estimate may be a realistic surrogate of the stock size and
reflect actual variations in the populations. In addition, juvenile abundance can predict subsequent
catches (Niemela et al. 2005).

The juvenile salmon densities are estimated in a long-term monitoring programme started in 1979.
This programme includes 35 sampling sites in the River Tana main stem, 12 in the River Utsjoki and
10 in the River Anarjohka/Inarijoki. Each site has been fished with standardized methods once a year
in a strict rotation, so that the fishing took place on almost the same date in successive years. The
juvenile salmon densities in the main stem and two large tributaries appear to fluctuate with no
apparent trend, and in long perspective (Figure 24), it seems difficult to make conclusions on trends
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in stock status based on these data. However, densities of yearling (0+) salmon appear to have been

higher in 2000s than before in the rivers Utsjoki and Anarjohka/Inarijoki (Figure 24).
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Figure 24. Densities (ind./100 mz) of juvenile salmon in the Rivers Tana, Utsjoki, and Anarjohka/Inarijoki. Age groups (0+

and >0+) are presented separately.
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8 Research projects

In addition to the long-term monitoring work, several shorter research projects on Tana salmonid
fish populations have been started and conducted in recent years and some are still underway.
Below we list some of the most relevant projects that bear direct consequences to fisheries and
environmental management in the Tana area.

8.1 Kolarctic Salmon

A research project funded from the EU-Kolarctic ENPI-programme “Trilateral cooperation on our
common resource; the Atlantic salmon in the Barents region” aims to merge modern science with
traditional knowledge on salmon fishing to create a sustainable, long-term and knowledge-based
salmon management regime for the salmon stocks of the Barents region. The project is cooperation
between Norwegian, Finnish and Russian partners and is scheduled in 2011-2013. Genetic analysis of
salmon caught in the Northern Norwegian coastal and fjord areas are carried out in order to uncover
the stock of origin in catches of this mixed-stock fishery, and to shed light on the occurrence,
abundance and migratory pattern of the various populations from Russia and Norway, including the
River Tana system.

The Monitoring Group recommends that the data from the Kolarctic project should be combined
with the data from GenMix in early 2014 at the latest, in order to enable analyses of the sequential
exploitation of the Tana salmon stocks in the coastal area, in the fjord, and in different parts of the
river system.

8.2 Fisheries Evolutionary Genomics: Tana salmon as a model system

The Tana salmon has a number of features that makes it unique in the world for studying a wild
population complex with a view to gaining a better understanding of the genetic basis of local
adaptation. There is considerable phenotypic variation of fitness-related traits within and between
populations. One example of this is multi-sea winterism: the decision of when to return to spawn
has important evolutionary consequences for individuals, but from a fisheries management
perspective it is also highly important as multi-sea winter fish are one of the main fishing attractions.
In addition, the availability of long-term collection of scale samples, phenotypic and environmental
data throughout the Tana system, spanning almost five decades provides a powerful means for
conducting statistically powerful genetic association studies as well as adding a temporal angle to
our studies.

Combined, these factors provide an opportunity for Tana salmon to be a model system in fisheries
evolutionary biology. Further, the recent technological and analytical advances, combined with the
sequencing of the salmon genome, which is due to be completed in 2012, provide an ideal timing for
a fisheries evolution genomics initiative. Two sub-projects are use different approaches to study
different aspects of the main study aim — to understand the genetic basis of local adaptation in
salmon.

Assessing the reproductive success of wild-spawning Tana salmon: do locals get more of the action?
A key factor in testing the local adaptation paradigm is demonstrating that ‘local’ fish have higher
reproductive success than ‘foreign’ (in this context, ‘foreign’ can also mean a fish originating from
another tributary). Extensive annual monitoring and genetic sampling of adult fish migrating up the
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study tributaries, and electrofishing of alevins and parr will enable monitoring of the local breeding
populations of two tributaries and their breeding success. This will also enable identification of
natural hybrid offspring (the result of successful migration) and hence contribute to understanding
whether local fish have higher breeding success than migrants and/or local-migrant hybrids, as
predicted under a local adaptation ‘local vs foreign’ scenario. It will also enable the establishment of
‘pedigrees in the wild’. The two tributaries currently being studied are Akujoki and lower Utsjoki.
Utsjoki is particularly interesting as it has a high proportion of multi-sea winter spawners compared
to most tributaries.

Genome-wide association studies. The large scale archive that has been collected over the past
decades combined with the extensive genomic resources available for Atlantic salmon also enables
the application of powerful genetic mapping methods thus far applied only in humans and domestic
animals. One such example is genome-wide association mapping (GWAS). The first trait to be
studied using a GWAS approach is the multi-sea winterism of the Tana salmon.

Sampling of spawners started in the autumn of 2011 and the genome-wide associations have been
started. This study is a collaboration between the University of Turku and RKTL, and is mainly funded
through the Academy of Finland.

8.3 PIT-tagging of juvenile salmon in small streams

Within the Tana river system, there are huge differences in the habitat available for salmon. Large
areas of the main stem are wide and slow-flowing with a substratum of sand and fine gravel. These
areas are not suited for salmon spawning. In between these slow-flowing areas we find areas with
higher current velocity, coarser substratum and better conditions for salmon and most of the salmon
reproduction is located to these areas.

Research from the Tana river system have showed that juvenile salmon are able to move
substantially away from spawning areas and into new habitats. They are for example able to move
into lakes where they use the near-shore areas to feed and show enhanced growth (Erkinaro et al.
1995; Erkinaro et al. 1998a). And mapping of small streams have demonstrated that these are
extensively used by juvenile salmon (Erkinaro et al. 1998b; Johansen et al. 2005a). Since only older
juveniles and no young-of-the-year fry were found, it was natural to conclude that the juveniles
observed in streams had migrated actively from nursery areas in the Tana main stem or tributary
rivers.

Some of the juveniles migrate over very long distances, as they can be found in streams located tens
of kilometres from the nearest spawning ground (M. Falkegard, unpublished data) and several
kilometres upstream in the streams (e.g. Erkinaro 1995; Johansen et al. 2005a). Considering the
small body size of the juveniles such migration distances are energetically costly, making this a
surprising life history tactic.

The stream migration becomes even more surprising when comparing the water temperature
between streams and the Tana main stem. During the summer, the stream water temperature might
be as much as 6-7 °C lower than the main stem temperature. Fish growth rates depend on ambient
temperature, increasing with rising temperatures up to an optimum temperature for growth. The
relatively cold water of the streams can, thus, slow down the juvenile growth.
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Relatively high food availability in the streams seems to play an important role (Erkinaro & Erkinaro
1998; Johansen et al. 2005b), and parr migrating into streams show enhanced growth compared
with their main stem counterparts (Erkinaro & Niemeld 1995). Smolts migrating out of the small
streams are larger than smolts from the main stem (Heinimaa et al. 1998), which can be important
considering that smolt survival is positively correlated with size (Jokikokko et al. 2006). An analysis of
scales from returning adult salmon revealed that over 30 % of the adults had visited nursery streams
while they were parr (Erkinaro et al. 1997). This is a surprisingly large percentage, considering the
relatively small area of the small streams compared with the total area of the Tana main river.

Unfortunately, small streams are often not viewed by planners, resource managers or the public as
having substantial fisheries value. The abundance of the small streams is easy to underestimate and
they are often excluded from the planning phases of resource extraction and urban development.
Consequently, small streams around the world are potentially subject to serious degradation from
forestry, urbanization and agriculture (Elliott et al. 1998). Although small streams can harbour high
densities of salmon parr, their contribution to total rearing habitat and salmon production within a
river system remains difficult to quantify.

An individual-based study was started in 2007 to further illuminate the importance of small streams
and the mechanisms behind why some juveniles choose to migrate into the streams. Three streams
— Vuolit Vidis, Bajit Vidis and Cavastatjohka — on the Norwegian side of the Tana main stem, a few
kilometres above and below the Utsjoki river mouth, were chosen for study. Parr down to 6 cm in
length were sampled in the streams and in the Tana main stem outside the stream mouths and
tagged with passive integrated transponder (PIT) tags. These are tiny identification chips which are
injected into the fish for permanent identification. The chip is read cordless by means of a reader
which provides a unique code read out of the chip implanted in the fish. This approach enables
individual recognition of small fish without having to kill or recapture the fish.

In the periods 2007-2009 in Vuolit Vidis and 2008-2009 in Bajit Vidis and Cavastatjohka, close to

3 000 salmon parr were tagged and followed with stationary (Figure 25) and wands (portable
antennas). The stationary antennas continuously monitored movement of tagged fish into and out of
streams, while the wands were used to monitor individual positions of tagged fish on a weekly basis
within the streams and in the main stem outside the streams.

The manual tracking of tagged fish with the wands revealed some striking differences in movement
strategy of salmon parr, and the tagged parr could effectively be divided into two main groups:

1) Movers. These were parr that were changing their position from week to week (assessed
with both wanding and from stationary antennas).

2) Stayers. These were parr that were found at roughly the same position (within a 5 m area)
for extended periods.
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Figure 25. The stationary antennas in Vuolit Vidis that monitored the movement of tagged salmon parr into and out of
the stream.

The movers could be divided into two different groups:

1) Main-stem movers. These were parr that moved around, but only were found in the Tana
main stem.

2) Transient parr. These were parr that moved around and changed their habitat (often
repeatedly) between the Tana main stem and the small streams.

All parr found in the main stem were to some extent movers, as no parr tagged in the main stem
moved less than 5 m during the summer. Around a third of the parr tagged in the streams were
stayers, another third were transient while the movement strategy of the remaining third are
unknown due to insufficient number of recaptures.

The growth data indicate a clear growth advantage for the parr staying put in the streams (Figure
26), while there are no growth differences between transient parr moving into and out of streams
and moving parr in the main stem. The tagging data indicates that this growth difference is present
almost from the beginning, as 1+ parr that moves into a stream and stays there are larger than
moving parr already before entering the stream. The staying parr then enjoys a higher growth rate,
and the tagging data clearly indicates that this high growth rate is sustained from year to year. Thus,
a high growth rate as a 1+ staying parr means a high growth rate as a 2+, 3+ and even 4+ staying
parr.
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Figure 26. A growth model of salmon parr with different life history strategies. The model is based on a subset of around
1 000 parr (out of the total 3 000) that were tagged and sampled in one of the streams, Vuolit Vidis, in 2007 and 2008.

There are some possible advantages associated with a higher growth rate. A fast-growing parr might
either smoltify a year earlier than more slow-growing parr, or it might smoltify at the same age but
with a larger size. In both cases, positive survival effects are expected. Smoltifying a year early
means one less year spent in freshwater, thus one year less of potential predation. The salmon that
smoltify at a larger body size also are less vulnerable to predation during the smolt migration and
have a better feeding ability when entering the sea.

In all the study streams, the stationary antennas revealed a relatively high number of fish both
entering and leaving the streams throughout the summer. A lot of these fish were short-term visitors
to the streams, as they entered the stream, swam upstream for some distance and then
subsequently left a few days (or weeks) later. This traffic means that the accumulated number of fish
visiting a stream during the summer is much higher than the number of fish observed there at a
single point in time, which underscores the potential importance of the small streams as a nursing
habitat for juvenile salmon in the Tana river system.

8.4 Biology and exploitation of sea trout

Annual sea-trout catches of the Tana system is estimated to vary between 2 and 9 tonnes, but
relatively little is known about the sea-trout populations. At the moment, however, there is a clear
need for a comprehensive sea-trout study, as demands of prolonging the sea-trout fishing season
are frequently expressed by both fishermen and fisheries managers. Such plans require more
thorough knowledge on the sea-trout populations, however, and a three-year project has been
started in 2011 to review the existing data on sea trout and investigate the possibilities of expanding
the fishing opportunities for sea trout.

The research project consists of three sub-projects:

e The status and catches of the River Teno sea-trout (analysis of the long-term monitoring
data)

e The migration behaviour and dispersal of the River Teno sea-trout (telemetry experiment)

e Sea-trout fishing in September: how, where and when? (synthesis)

First tagging experiments were commenced in 2011 with 43 sea trout tagged in different parts of the
river and the estuary. Tracking of the fish continues throughout the winter and new group of trout
will be tagged in 2012.



Tana research & monitoring group, report 1-2012 57

8.5 Development in the use of stationary gear in Tana

Tana is one of very few salmon rivers in which net-based fishing gear is still allowed. Four different
gear types are allowed: drift nets, seine, weirs and gillnets. The former two can be classified as active
gear types, while the latter two can be classified as passive or stationary gear types.

The use of these different gear types has a long history in Tana. This is especially true for weirs that
might have been used as early as the 1600s. The use of seines also has a long history, while gillnets
and drift nets are relatively recent as their use increased in the river during the 1900s.

In July 1984, both Norwegian and Finnish stationary gears were registered (Ferman and Niemel3,
unpublished). This is the first actual counting of the extent of the fishery with stationary gear (Figure
27). This registration, with a corresponding division of areas, was repeated in July 2010 (Kjell-Magne
Johnsen, Tana Fisheries Board). Further more detailed registrations were done in June, July and
August 2011 (Kjell-Magne Johnsen, Tana Fisheries Board).

There is a huge reduction in the number of stationary fishing gears from 1984 to 2010. In 1984, a
total of 697 stationary fishing gears were registered (Table 2), while the corresponding count in 2010
was 222 (Table 3). The count in 2010 is equal to 32 % of the count from 1984. A substantial part of
the reduction in number of fishing gears has taken place in the tributaries. In 1984, 236 gears (34 %)
were located in tributaries, while the count in 2010 was 63 gears (28 %). The reduction in tributaries
is especially evident in Norway, down from 83 gears in 1984 (24 %) to 15 in 2010 (14 %).

Figure 27. Map showing the stationary fishing gear (gillnets and weirs) registered in the Tana river system in 1984
(Ferman and Niemeld, unpublished).
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The total number of stationary fishing gear is distributed almost equally in Norway and Finland. In
1984, a total of 350 gears were registered in Norway, while 347 were registered in Finland. In 2010,
a total of 108 gears were registered in Norway and 114 in Finland.

There are some differences between Norway and Finland in the relative number of weirs and
gillnets. In Norway, 45 % and 42 % (in 1984 and 2010, respectively) of the gears are weirs. In Finland,
the corresponding percentages are 33 % and 19 % in 1984 and 2010, respectively. The relative
percentage of weirs is therefore relatively constant in Norway, while the relative use of weirs is
decreasing in Finland.

Table 2. Registration of weirs and gillnets in the Tana river system in 1984 (Ferman and Niemeld, unpublished).

Norway Finland

Area Total Weir Gillnet Total Weir Gillnet Total
Estuary — Tana bru 155 67 88 155

Tana bru — Boratbokca/Jalve 88 41 9 50 9 29 38
Boratbokca/Jalve — Leavvajohka 91 22 10 32 45 14 59
Leavvajohka — Réidenjérga* 127 9 21 30 51 46 97
Utsjoki 108 1 107 108
Anarjohka/Inarijoki 59 2 12 14 9 36 45
Karasjohka 37 9 28 37

leSjohka 32 8 24 32

Total 697 158 192 350 115 232 347

" The confluence between Anarjohka/Inarijoki and Karasjohka.

Table 3. Registration of weirs and gillnets in the Tana river system in 2010 (Kjell-Magne Johnsen, Tana Fisheries Board).

Norway Finland

Area Total Weir Gillnet Total Weir Gillnet Total
Estuary —Tana bru 52 16 36 52

Tana bru — Boratbokca/Jalve 49 21 8 29 5 15 20
Boratbokca/Jalve — Leavvajohka 24 2 4 6 9 9 18
Leavvajohka — Réidenjérga* 34 3 6 8 20 28
Utsjoki 30 0 30 30
Anarjohka/Inarijoki 19 0 1 1 0 18 18
Karasjohka 12 3 9 12

leSjohka 2 0 2 2

Total 222 45 63 108 22 92 114

" The confluence between Anarjohka/Inarijoki and Karasjohka.

Interestingly, the decrease in number of stationary fishing gears is not entirely reflected in the catch
statistic, especially on the Norwegian side (Figure 28). In 1984, weirs and gillnets accounted for a 30
% of the total catch in both countries, while in 2010 they accounted for 31 %. Separated into
country, the relative contribution from weirs and gillnets actually increased in Norway, from 33 % in
1984 to 48 % in 2010. In Finland, the relative contribution decreased, from 26 % down to 18 %.
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Figure 28. Relative contribution of different fishing gears to the total catch of salmon in 1984 (upper panels) and 2010

(lower panels).

During the fishing season of 2011, the highest number of Norwegian stationary fishing gears was

registered in June while in Finland the highest number was found in July (Figure 29).
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Figure 29. Number of stationary fishing gears in Norway and Finland in June, July and August 2011.
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9 Stock status evaluation

9.1 How to evaluate stock status?

The traditional approach to stock status evaluation has been through the use of catch statistics. Long
time-series of catch data (e.g. Figure 5) can quickly be put together and represents an illustration
that initially looks easily interpretable. However, upon closer scrutiny, a number of problems arise
with this approach.

First and foremost, it is very difficult to pinpoint the exact reason for fluctuations in catch statistics.
Differences between years can arise from several sources in addition to yearly salmon stock changes.
Such factors include e.g. differences in number of fishermen, fishing conditions and/or fisheries
regulations. All of these extra factors will confound the catch statistics interpretation.

Secondly, it is problematic to relate the catch to any meaningful benchmark of how the stock is
doing. The catch statistic provides an estimate of the number of caught fish, and thus is a useful way
of describing how the fishermen are doing. It tells us very little, however, about how the stock is
doing. How many salmon were left at the spawning grounds and how many should there have been?
What was the exploitable surplus and how was that reflected in the catch? These are examples of
questions that point to the need for a different approach.

The lack of a meaningful benchmark when using catch statistics (and other related and derived
descriptive statistics) becomes a very obvious problem in processes where fisheries regulations are
subject to change. It is not immediately apparent how to justify the need for change and the
selection and evaluation of which changes to implement. The management regime itself commonly
formulates only qualitative goals, and proposed regulations under this regime rarely have specific
goals and lack a clear information basis that managers can use for evaluation.

Salmon as a species pose some very special management challenges with its spatially and temporally
complex life cycles which span over vast areas and several years. This is especially true in the Tana
River system, in which there are 20-30 genetically distinct stocks and a large variety of possible life
history combinations. This stock complexity is further complicated by the presence of an extensive
mixed-stock fishery both along the coast of Norway and in the Tana main stem.

9.2 Salmon production and spawning targets

A major objective for salmon conservation and fisheries management is to develop a practical basis
for managing individual salmon stocks and the environment in which they live in order to optimize
sustainable yield. One way of achieving this, is to specify stock-specific targets for reproduction (e.g.
egg deposition). For a salmon stock, the number of adults estimated to be lost through exploitation
and natural mortality subtracted from the total run size, is called the spawning escapement. This
escapement can be converted to a total egg production for the stock and then compared to a stock-
specific threshold value for egg production. This threshold is the conservation limit (CL) (or Minimum
Biologically Acceptable Limit) recommended by NASCO, and is the stock level that supports
maximum vyield and thus maximizes potential yield under the life-cycle characteristics applying to the
stock. The CL is the threshold level below which stocks should not fall, and it is recommended that
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managers should aim to hold escapement at a higher (unspecified) level termed the management
target.

The salmon production capacity in different parts of the Tana River system is limited, meaning that
there exist a maximum number of salmon smolts that can be produced. This is usually referred to as
the production potential. The factors that limit production are of two types, either (1) density-
dependent or (2) density-independent.

Density-dependent factors vary in strength depending on the fish density. With increasing fish
density, density-dependent factors such as competition become increasingly intensive. Density-
dependence is most easily observed for juvenile salmon. As fish density increases, less food and
space become available for each individual fish. This inevitably leads to some fish dying, with
mortality increasing with the fish density. A river, accordingly, contains room for only a certain
number of juveniles, and this number depends on the river area, abiotic factors such as habitat
quality (e.g. the number of available hiding places) and biotic factors such as food availability.

When the spawning stock size is small, relatively few eggs are spawned and the density-dependent
competition plays a relatively small role. With low stock levels, the number of smolts produced are
proportionally dependent on the number of eggs that are spawned (left part of Figure 30). With
increasing spawning stock size, the competition effect will gradually become more and more
important. Thus, with increasing egg density, the increase in smolt production starts to slow towards
an asymptote (middle part of Figure 30). At high levels of egg density, the river reaches its smolt
production potential (right part of Figure 30).

Spawningtarget
(numberof eggs)

Smolt production

Number of eggs spawned

Figure 30. Simplified theoretical relationship between number of eggs spawned and number of smolts produced for a
salmon stock.

The production potential varies greatly within different parts of the Tana River system. In some
areas of the system, the habitat is predominantly of a good quality with lots of hiding places and rich
food availability, and consequently the fish production potential is high. Other areas have
predominantly poor habitat quality, with few hiding places available for juveniles and lower food
availability, and consequently the fish production potential is low. Habitat factors such as water
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velocity, substratum composition and presence of other competitors (such as trout) are also
affecting the production capacity.

Density-independent factors are not depending on fish density and occur more randomly. The

occurrence of factors such as floods, drought, temperature and predation will result in fish dying.
But the occurrence and intensity of these factors can vary greatly from year to year. In some years,
the water level and temperature are favourable, resulting in high growth rates and low mortality.

Under such conditions, juveniles might even smoltify and migrate to sea a year earlier than average.
This will give a boost to the river smolt production, both because the river mortality is reduced by
one year and because the remaining juveniles get better conditions because fish density is reduced.

Other years can have extreme environmental conditions, e.g. severe droughts or rough spring floods
with difficult ice conditions, which will be associated with a high mortality level for juvenile salmon

and, accordingly, lowered smolt production.

Random spatial and temporal variation in environmental factors will lead to considerable
fluctuations in production and observations both within and between areas of the river system.
However, based on long time-series of stock-recruitment data between recruitment (number of eggs
or number of spawning females) and production (number of smolts produced), it is possible to

estimate the minimum number of spawning females that is needed to ensure that the resulting
smolt production is at or near the production capacity of the river. In practice, a small buffer should
be added to this minimum number, as a compensating insurance for random events that might

cause increased mortality.

First-generation management targets have been established as spawning targets for the Tana river
system (Hindar et al. 2007). These are summarized in Table 4 with estimates both for different

tributaries, main stem and the whole system.

Table 4. Estimated spawning targets for different parts of the Tana river system (Hindar et al. 2007).
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Tana (main stem) 2 19 060 000 38 120 000 21178 5 4236
Anarjohka 2 8 300 000 16 600 000 9222 4 2 306
Utsjoki 6 600 000 3 600 000 2 000 2.25 889
Karasjohka 2 10351020 20702 040 11501 6 1917
leSjohka 2 5175610 10351 220 5751 6 958
Laksjohka 4 745 365 2981460 1656 1.5 1104
Maskejohka 4 1069 238 4276 950 2376 4 594
Leavvajohka 1 502 680 502 680 279 2 140
Valljohka 1 618 090 618 090 343 2 172
Other tributaries 1 808 130 808 130 449 2 224
Tana (total) 47 230 133 98 560 570 54 756 12539
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There are some issues with these first-generation targets that make some of them problematic to
use. The first-generation method established by Hindar et al. (2007) is based on two conditions.
Firstly, the river area must be calculated in a standardized way. To meet this condition, wetted area
was calculated using a GIS-based approach based on maps from the Norwegian N50-map series
(scale 1:50 000). These wetted areas are a total area under high-water conditions, and includes both
productive and non-productive areas. Secondly, four different egg categories were established, each
category corresponding to a different level of productiveness. The lowest density category, 1
egg/m’, is used in rivers that have large unproductive areas and a relatively low catch of salmon
compared with the river area. The highest density category, 6 eggs/m?, is used in rivers that have a
very high proportion of productive areas, high temperatures, low smolt age and a high catch of
salmon compared with the river area.

Six of the current spawning targets meet both conditions above. These six are the Norwegian
tributaries Karasjohka, lesjohka, Valljohka, Leavvajohka, LdkSjohka and Mdskejohka. The other
targets unfortunately violate the area condition and we are therefore currently unable to assess
target attainment in these other areas. The reason for this problem stems from the use of the
Norwegian N50-map series. These maps only cover the Norwegian side of the river system, cutting
off the Finnish side of both the Tana main stem and Andrjohka. The area estimates for Tana (main
stem), Anarjohka, Utsjoki and Other tributaries in Table 4 are production areas estimated by FGFRI
and are considerably smaller than the wetted areas that the GIS-based approach would have
provided (this would especially be the case for Tana main stem). An additional problem in Utsjoki is
that this production area estimate does not include lakes and the tributaries Kevojoki and Tsarsjoki.
To compensate for a lowered area, the egg density of these problem areas were increased. This is
the reason that Utsjoki were assigned an egg density of 6 eggs/m?. This approach is invalid, however,
as the specific level of the egg categories hinges on the use of the standardized area approach.
When other areas are used, entirely new egg categories must be established.

A central point of the NASCO Precautionary Approach is that the management should, as far as
possible, be stock-specific. This is a major challenge in the Tana River system with its high number of
different stocks, for example due to the lack of data on the spatial boundaries of different stocks.
Several of the spawning targets in Table 4 are tributary-specific and represent the closest
approximation we currently have to a stock-specific evaluation. There is a need to focus on
conservation of each discrete stock, as exchange of individuals among populations appears to be
low, at least in the short term, so neighbouring populations do not easily compensate for local
shortfalls in production elsewhere (Youngson et al. 2003). The main problem here is, of course, that
current resource limitations make it impossible to obtain total coverage for assessments of any
refinement on any geographical scale within the system, and in practice, compromise approaches
have to be taken. Such compromises will however involve using inter-population numbers, and will
probably not be able to catch population specific factors.

9.3 A procedure for target-based stock evaluation

The introduction of spawning targets completely changes the management focus, turning it away
from a question about how many fish are caught into a question about having a sufficient number of
salmon survive to spawn. Obtaining an estimate of the spawning stock size (in terms of number of
spawning females) and compare this to the spawning target accordingly becomes the main priority.
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There are several possible ways to obtain an estimate of spawning stock size:

1) Direct counting of spawners, e.g. through diving. This approach is most useful in small
tributaries of the Tana River system (Orell & Erkinaro 2007) where it has been shown to be
fairly accurate, especially under good conditions with an experienced diving crew (Orell et al.
2011).

2) Combine fish counting and catch statistics. A count of ascending salmon, either through
video or acoustics (DIDSON), together with a catch estimate provides an estimate of
spawning stock size.

3) Combine estimates of exploitation rate and catch statistics. For most stocks we lack both
spawner counts and fish counts. In these cases, it is necessary to rely directly on the catch
statistic and use an estimate of the exploitation rate to calculate the spawning stock size.
Because the exploitation rate has to be estimated, it is necessary to have access to
monitoring data from comparable rivers in the area where the exploitation rate have been
calculated (either through counting of spawners or through counting of ascending salmon).

Common for all three approaches is the use of simulation and probability distributions in all
calculations. This includes both the spawning targets themselves and the exploitation rate estimate.
The spawning targets are provided as a single number in Table 4. In the actual calculations, a flat
probability distribution around these spawning targets is used. A flat probability distribution in this
case means that all values within the distribution are considered equally likely, e.g. for a spawning
target of 2, the distribution range is 1.5-3 and all values within this range is considered equally likely.
The result is an upper and lower limit for the spawning target (Table 5). The reliance on probability
distributions means that the evaluation of spawning target attainment can be based on probability,
i.e. the probability that the target was reached in a given year, based on the uncertainty in
exploitation rate estimates and spawning targets.

Table 5. Estimated spawning targets with lower and upper limits for different parts of the Tana river system.
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Lower and upper
target limits (eggs
females (kg) to
meet target

Lower limit of
target (kg females)
Upper limit of
target (kg females)

Tana (main stem) 2 1.5-3 21178 15 883 31767
Anarjohka 2 1.5-3 9222 6917 13833
Utsjoki 6 5-7 2 000 1667 2333
Karasjohka 2 1.5-3 11501 8626 17 252
leSjohka 2 1.5-3 5751 4313 8 626
Laksjohka 4 3-5 1656 1242 2 070
Maskejohka 4 3-5 2376 1782 2970
Leavvajohka 1 0.5-1.5 279 140 419
Villjohka 1 0.5-1.5 343 172 515
Other tributaries 1 0.5-1.5 449 224 673
Tana (total) 54 756 40 966 80459
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The estimation of spawning stock size and exploitation rates can be further used to evaluate the
relative efficiency of different fisheries exploiting a salmon stock and provide estimates of pre-
fishery abundances. Salmon belonging to a tributary in Tana will for example experience extensive
exploitation in several sequential areas. First of all, the salmon are exploited along the outer coast of
northern Norway. The second area of fishing in the sequence is the Tana fjord, before the salmon
enters the Tana main stem. In the main stem, the third area of exploitation, the salmon is further
exploited before the surviving salmon finally reaches their home tributary (where they are also
fished).

The fishing in each area is defined by its own set of regulations, and accordingly each area has its
own efficiency. Due to stock differences in run timing and size composition, the vulnerability of each
stock to exploitation in an area will differ, and this is one important factor to keep in mind when
designing research and monitoring studies.

Most of the exploitation on different stocks in Tana takes place in areas with mixed-stock fisheries.
This is the case along the coast, in the Tana fjord and the Tana main stem, leaving only the
tributaries themselves as areas of single-stock fisheries. A mixed-stock fishery represents a major
impediment when the exploitation rate on different stocks is to be evaluated, as the level of
exploitation on each stock participating in a mixed-stock fishery is not apparent without specific
knowledge gained e.g. through genetic stock identification of catch samples or some large-scale
tagging program.

Tagging studies (a total of 29 000 salmon tagged on 23 tagging stations distributed north to south on
the coast of Norway in the period 1935-1982) have shown that the salmon caught in the coastal
fisheries belong to a large number of stocks covering a substantial area. The recaptures from this
study allow for the construction of a distribution key for the coastal catch statistics (Anon. 2011).
Further refinement of the key comes from a recent study that used genetic stock identification of a
large number of salmon caught along the coast of Finnmark in 2008 (Svenning et al. 2011). The
resulting key can be used to estimate the exploitation of Tana salmon in different regions along the
Norwegian coast.

The management of Norwegian coastal fisheries is separated into different regions (Figure 31). The
regions can be classified as either outer coastal regions or fjord regions. The most extensive mixed-
stock fishery occurs in the outer coastal regions, where tagging studies have demonstrated that
salmon from several fjord regions are exploited. Comparatively, fjord fisheries exploit mostly stocks
belonging to rivers in the fjords themselves.
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Figure 31. Management regions defined in the salmon management for northern Norway. The outer coastal regions are
coloured blue, while the inner fjord regions are orange.

Steps for estimating the Tana catch from the coastal catch statistics:

1) Using the distribution key, 10 % of the catch from the outer coastal area of Troms and 33 %
of the outer coastal catch of Finnmark is estimated to belong to the Tana fjord region. The
redistributed catch from the outer coastal regions are added to the reported catch in the
Tana fjord.

2) There are two salmon rivers in the Tana fjord: Tana and Laggo. The estimated total catch
from the Tana fjord is separated into either Tana or Laggo based on the relative abundance
of salmon in the two rivers (estimated from the river catch) and each rivers size composition
(fish larger than 1.5 kg are positively selected in the coastal fisheries). The resulting number
represents the total fishing mortality of Tana salmon in the coastal fisheries.

3) The estimated total coastal catch of Tana salmon is further separated into different Tana
stocks (Figure 3) based on the relative abundance and size composition of each stock
(inferred from the main stem catch, see below).

Through the GenMix project, genetic stock identification has been done on a large number of
salmon caught in the Tana main stem. In this report we have used only data from 2008, but full data
sets from 2006 and 2007 will be available for use in later reports. Using the 2008 data, an estimate is
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made of the percentage contribution of each Tana stock in the total main stem catch. These
percentages are used to estimate the main stem catch of each stock.

After the mixed-stock fisheries catch have been distributed into different Tana stocks, it is possible
to estimate the total exploitation, overexploitation, and maximum sustainable exploitation for each
stock.

9.4 Explanation of terms (glossary)

Accumulated (sequential) exploitation. This term is used to describe a sequence of fisheries which
together exploit a salmon stock. The sequence that impact salmon stocks in Tana is the following: (1)
Coastal fisheries in the outer coastal areas of Nordland, Troms and Finnmark; (2) Coastal fishery in
the Tana fjord; (3) Tana main stem; and (4) home tributary (only applies to tributary stocks in the
system). In such a sequence the exploitation pressures add up.

An example: 100 salmon are returning to a stock in one tributary in Tana. 10 are taken in the outer
coastal fisheries, 10 are taken in the fjord, 10 in the Tana main stem and 10 in the tributary. A total
of 40 out of 100 salmon are taken, which gives an accumulated exploitation rate of 40 %. The
exploitation efficiency in each fishing area is much lower, e.g. 10 % in the outer coastal area in this
particular example.

Exploitation rate. The proportion of fish taken in an area out of the total number of fish that is
available for catch in the area. For example, if 10 out of 50 fish are taken, the exploitation rate is 20
%.

Exploitation efficiency. See exploitation rate above.

Exploitation estimate. See exploitation rate above. Ideally, we want to have a direct estimate of the
exploitation rate through the use of catch statistics and fish counting. Such estimates are available
only in rivers with a detailed monitoring. In most cases, indirect estimates of exploitation rates must
be used. Such estimates must be based on available data in rivers of comparative size and
comparative regulation. A closer discussion on the estimation of exploitation rates in data-poor
rivers can be found in Anon. (2011).

Maximum sustainable exploitation. This is the amount of salmon that can be taken in a given year
while ensuring that the spawning target is met. The maximum sustainable exploitation therefore
equals the production surplus in a year.

Overexploitation. This refers to the extent of a reduction in spawning stock below the target that
can be attributed to exploitation. See Chapter 6.6 for a detailed definition.

Pre-fishery abundance. This is the number of salmon that is available for a fishery. For example, the
total pre-fishery abundance of a stock is the number of salmon coming to the coast (on their
spawning migration) and therefore is available for the outer coastal fisheries. The pre-fishery
abundance for a tributary in the Tana river system is the number of salmon of the tributary stock
that have survived the coastal and main stem fisheries and therefore are available for fishing within
the tributary.
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Production potential. Every river with salmon has a limited capacity for salmon production. The level
of this capacity is decided by environmental characteristics and river size. See Chapter 9.2.

Spawning stock. These are the salmon that have survived the fishing season (both coastal and river
fisheries) and can spawn in the autumn. Usually the spawning stock estimates focus only on females.

Spawning target. This is the management target, defined as the amount of females needed to make
sure that the stock reaches its production potential.

Total exploitation. See accumulated exploitation above.

9.5 Tributary-specific stock evaluation

There are methodological problems with some of the assigned spawning targets. The model used to
estimate spawning targets in Norwegian rivers assumes that a standardized GIS-based method is
used to calculate area. This is violated in some parts of the system, namely the Tana main stem,
Andrjohka, Utsjoki and the pooled “Other tributaries”. This effectively means that only Norwegian
tributaries presently have a valid spawning target that can be used for stock status evaluation. Of
these, Leavvajohka is omitted from the status evaluation due to very few active fishermen and,
consequently, low catch reports. The stock status evaluation in this report is therefore performed for
the following five tributaries:

e Maskejohka (in the lower part of the river system)
e Laksjohka (middle part)

e Vidlljohka (middle part)

o leSjohka (upper part)

e Karasjohka (upper part)

Please observe that there are different exploitation estimates in the following text. The exploitation
rate estimates used to simulate spawning target attainment are based on number of salmon in three
different size groups (<3 kg, 3-7 kg and >7 kg), while the exploitation estimates used in the stock
allocation of salmon from the coastal and Tana main stem mixed-stock fisheries are based on total
weight.

9.5.1 Maskejohka

Maskejohka is the lowermost major tributary in the Tana River system, entering the Tana
approximately 15 km upstream from the Tana river mouth. It is a middle-sized river with a total of 55
km available for salmon. Of this, 30 km is the main Mdskejohka, while the rest is the tributaries
Geasis (7 km), Uvjalatnja (7 km) and Ciikojohka (11 km). In all of these smaller tributaries, salmon
distribution is upwards limited by waterfalls. The Mdaskejohka salmon stock has a good mixture of
sea-age groups, mostly 1-3SW and a few 4SW.

The spawning target of Maskejohka is 2 376 kg (1 782-2 970 kg). The lowermost 10 km of the river is
slow-flowing and meandering with very little production area available for salmon. Further upstream
there are extensive areas available both for spawning and juvenile production.

There is no fish monitoring in Maskejohka, so target evaluation must be based on an exploitation
rate estimate (see chapter 9.4). The following exploitation estimates (based on number of fish) were
used:
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e Salmon <3 kg: 60 % (probability range 50-70 %)
e Salmon 3-7 kg: 40 % (30-60 %)
e Salmon >7 kg: 30 % (20-50 %)

From 2004-2011, the catch in Maskejohka has varied from 156 kg in 2004 up to 1 971 kg in 2010.
However, Maskejohka is far from reaching the spawning target (Figure 32). The highest percentage
attainment is 64 % in 2010. During the last three years, the average probability of reaching the
spawning target was 0.2 % and the average percentage attainment 50 %.
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Figure 32. Left: Estimated spawning stock size (kg females) in Maskejohka in 2004-2011. Right: Probability of meeting
the spawning target in the years 2004-2011. Figure from the Scientific Advisory Committee for Atlantic Salmon
Management in Norway.

The estimated total exploitation (based on weight) in Maskejohka was 66 % in 2009 and 59 % in
2010 (Figure 33). Estimated total pre-fishery abundance was higher in 2010 than 2009 (6 750 kg in
2010, 4 992 kg in 2009). The total catch in the two years were 3 282 kg in 2009 and 4 011 kg in 2010.

The relative catch distribution between coast, main stem and Mdaskejohka itself varied slightly
between the two years. The proportion caught in the coastal fisheries were higher in 2009 than
2010, with 1 226 kg (25 %) estimated to be caught in the coastal fisheries in 2009 and 1 264 kg (19
%) in 2010. The proportion in the main stem fisheries were estimated at 11 % in both years (568 and
776 kg in 2009 and 2010, respectively). In Maskejohka itself, 1 488 kg (30 %) were reported in 2009
and 1971 kg (29 %) in 2010. The surviving female spawning stock were higher in 2010 than 2009,
estimated to be 941 kg (34 % of the pre-fishery abundance) in 2009 and 1 506 kg (41 %) in 2010.
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Figure 33. The total amount of salmon belonging to Maskejohka in 2009 (left) and 2010 (right), distributed into surviving
spawning stock and salmon caught in fisheries in either coastal, main stem or within-river fisheries.

Estimated relative exploitation efficiencies (based on weight) in 2009 and 2010:

e (Coastal: 25%,19%
e Tana main stem: 15%,14 %
e  Within Maskejohka: 47 %,42%

The overexploitation was estimated at 60 % in 2009 and 37 % in 2010.

The maximum sustainable exploitation rate was estimated to be 13 % in 2009 and 36 % in 2010. This
means that the entire sustainable surplus in 2009 was caught in the coastal fisheries, while most
(over 80 %) of the sustainable surplus in 2010 was caught before the salmon arrived in Maskejohka.

9.5.2 Laksjohka

Laksjohka is a small- to medium-sized tributary that enters the Tana just over 60 km upstream from
the Tana river mouth. There is a 3 m high vertical waterfall with a fish ladder approximately 9 km
from the Laksjohka river mouth. An inspection of the fish ladder in 2011 revealed the presence of a
stone that might have impeded the ladder function. It is presently unknown how long this might
have been a problem. There are relatively few spawning grounds available for salmon below the
waterfall, while the river habitat above the waterfall is well suited both for spawning and juvenile
production. Problems with the ladder will therefore quickly limit salmon production in LakSjohka.

Total river length used by salmon in the LdksSjohka system is estimated to be at least 41 km. There
are no further waterfalls limiting salmon distribution above the fish ladder. The main Laksjohka is
close to 14 km long. Further up the salmon can use two small tributaries, over 17 km in
Deavkkehanjohka and 9 km in Gurtejohka.

The salmon in Ldksjohka is relatively small-sized, with 1SW fish weighing around 1 kg and 2SW fish 2-
3 kg. Fish larger than 7 kg are rarely caught.

The Laksjohka spawning target is 1 656 kg (1 242-2 070 kg). Fish counting with video has been done
in 2009-2011, and this counting provides a good estimate of exploitation rate. Total exploitation was
around 30 % in all the three monitored years.
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Throughout the period 2004-2011, Laksjohka was far from reaching its spawning target (Figure 34).
The highest target attainment was around 25 % in 2006 and 2009. During the last three years, the
average probability of reaching the spawning target was 0 % and the average percentage attainment
23 %.
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Figure 34. Left: Estimated spawning stock size (kg females) in Laksjohka in 2004-2011. Right: Probability of meeting the
spawning target in the years 2004-2011. Figure from the Scientific Advisory Committee for Atlantic Salmon Management
in Norway.

The estimated total exploitation (based on weight) for LakSjohka salmon was 69 % in 2009 and 73 %
in 2010 (Figure 35). The estimated total pre-fishery abundance was 2 294 kg in 2009 and 2 324 kg in
2010, and from this the total catch was estimated to 1 588 kg in 2009 and 1 694 kg in 2010.

The relative proportion caught in the coastal fisheries was slightly higher in 2009 compared with
2010, with 418 kg (18 %) estimated to be caught in the coastal fisheries in 2009 and 317 kg (14 %) in
2010. The exploitation of LakSjohka salmon in the Tana main stem was estimated to be higher in
2010 than 2009. In 2009, 834 kg (36 %) were estimated caught in the Tana main stem, while the
estimate were 1 140 kg (49 %) in 2010. Within Laksjohka, 336 kg (15 %) were reported in 2009 and
237 kg (10 %) in 2010. The surviving female spawning stock was estimated to be 402 kg (31 % of the
pre-fishery abundance) in 2009 and 359 kg (27 %) in 2010.
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Figure 35. The total amount of salmon belonging to Laksjohka in 2009 (left) and 2010 (right), distributed into surviving
spawning stock and salmon caught in fisheries in either coastal, main stem or within-river fisheries.
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Estimated relative exploitation efficiencies (based on weight) in 2009 and 2010:

e (Coastal: 18%,14 %
e Tana main stem: 44 %, 57 %
e  Within Laksjohka: 32%,27 %

The overexploitation was estimated at 55 % in 2009 and 58 % in 2010.

The maximum sustainable exploitation rate was 0 % in both 2009 and 2010, indicating a stock
situation with no exploitable surplus.

Video monitoring in Ldksjohka further underlines the bleak consequence of a poor target
attainment. The estimated production potential of LakSjohka is close to 20 000 smolt (Hindar et al.
2007). In 2009-2011, smolt numbers from the video counting have fluctuated around 1-2 000 (P.
Orell, FGFRI). This is 5-10 % of the production potential (Figure 36).
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Figure 36. The estimated smolt production potential (from Hindar et al. 2007) and the number of smolts observed in the
video monitoring.

The smolt counts in Figure 36 are minimum estimates due to two possible methodological problems.
First of all, the migratory behaviour of juvenile salmon in Tana (e.g. see Chapter 8.3) means that a
number of juveniles will leave the LakSjohka and enter the Tana main stem at some point during
their life cycle. These fish would then not be counted, but would add to the annual smolt output of
Laksjohka. Secondly, some smolts might be missed from the video counting, either by passing the
video cameras in such a way that they are not seen and therefore not counted, or by passing the
video cameras in the spring before the cameras are installed.

There is, however, a large discrepancy between the estimated smolt production potential and the
number of observed smolts, and neither of the two potential methodological problems can be
expected to bring the smolt output in 2009-2011 anywhere close to the smolt production potential.
The low smolt counts, in combination with the very low number of upstream migrating adults,
demonstrate that the bad stock situation in LakSjohka will continue in the coming years.
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9.5.3 Valljohka

Vialljohka is a small-sized river flowing into the Tana main stem almost 140 km from the Tana river
mouth. The lowermost 5-6 km of Valljohka is relatively slow-flowing, but further upstream the water
velocity picks up and more spawning and production areas become available. A total of 45 km is
available for salmon in Valljohka itself. In addition almost 19 km is available in the small tributary
Astejohka. Historically the Valljohka has had a mixture of small- and large-sized salmon, but in the
last decades the salmon found in the river have mostly been small- and medium-sized. The status of
Astejohka is presently unknown.

The Valljohka spawning target is 343 kg (172-515 kg). An egg density of 1 egg/m” was used when
calculating this target (Table 4), meaning that Valljohka was classified as an unproductive river. This
is in contrast to most other tributaries of Tana, even though the habitat quality in most parts of
Valljohka, except the lowermost kilometers, should suit salmon production (both spawning and
juveniles).

There is no fish monitoring in Valljohka, so target evaluation must be based on an exploitation rate
estimate. The following exploitation estimates (based on number of fish) were used:

e Salmon <3 kg: 50 % (probability range 40-60 %)
e Salmon 3-7 kg: 30 % (20-50 %)
e Salmon >7 kg: 20 % (10-30 %)

Valljohka did not reach its spawning target throughout the period 2004-2011 (Figure 37). The highest
percentage attainment was close to 80 % in 2011 and 50 % in 2006. During the last three years, the

average probability of reaching the spawning target was 6 % and the average percentage attainment
51 %.
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Figure 37. Left: Estimated spawning stock size (kg females) in Valljohka in 2004-2011. Right: Probability of meeting the
spawning target in the years 2004-2011. Figure from the Scientific Advisory Committee for Atlantic Salmon Management
in Norway.

The estimated total exploitation (based on weight) for Valljohka salmon was 90 % in 2009 and 88 %
in 2010 (Figure 38). The estimated total pre-fishery abundance was 1 806 kg in 2009 and 2 290 kg in
2010, and from this the total catch was estimated to 1 618 kg in 2009 and 2 021 kg in 2010.
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The relative proportion of Valljohka salmon caught in the coastal fisheries was higher in 2009
compared with 2010, with 398 kg (22 %) estimated to be caught in the coastal fisheries in 2009 and
382 kg (17 %) in 2010. The exploitation of Valljohka salmon in the Tana main stem was estimated to
be higher in 2010 than in 2009. In 2009, 1 100 kg (61 %) was estimated caught in the Tana main
stem, while the estimate was 1 503 kg (65 %) in 2010. There is only a small fishery within Valljohka
itself, with a reported catch of 120 kg (7 %) in 2009 and 136 kg (6 %) in 2010. The surviving female
spawning stock was estimated to be 103 kg (10 %) in 2009 and 148 kg (12 %) in 2010.
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Figure 38. The total amount of salmon belonging to Valljohka in 2009 (left) and 2010 (right), distributed into surviving
spawning stock and salmon caught in fisheries in either coastal, main stem or within-river fisheries.

Estimated relative exploitation efficiencies (based on weight) in 2009 and 2010:

e Coastal: 22%,17 %
e Tana main stem: 78 %, 79 %
e  Within Vdlljohka: 39%,34%

The overexploitation was estimated at 70 % in 2009 and 57 % in 2010.

The maximum sustainable exploitation rate was 65 % in 2009 and 73 % in 2010. The current
exploitation intensities in coastal and main stem areas mean that the entire sustainable surplus in
both 2009 and 2010 was caught before the salmon arrived in Valljohka.

9.5.4 lesSjohka

lesjohka is one of the three large rivers that together form the Tana main stem. lesjohka flows into
the Karasjohka at Skdidegeahci, and the Karasjohka then flows close to 40 km before meeting
Anarjohka, thus forming the Tana main stem. leSjohka flow relatively fast, with large riffles and
rapids and large slowflowing pools inbetween. The only major obstacle for salmon is a waterfall
approximately 75 km upstream. It is likely that salmon are able to pass this waterfall only at low
water levels.

The spawning target of leSjohka is 5 751 kg (4 313-8 626 kg). There is no fish monitoring in leSjohka,
so target evaluation must be based on an exploitation rate estimate. The following exploitation
estimates (based on number of fish) were used:

e Salmon <3 kg: 20 % (probability range 15-25 %)
e Salmon 3-7 kg: 40 % (30-50 %)
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e Salmon >7 kg: 40 % (30-50 %)

These are equivalent to the estimates used in Karasjohka, which were derived from the DIDSON
monitoring there in 2010.

lesjohka is far from reaching its spawning target throughout the period 2004-2011 (Figure 39). The
highest percentage attainment was close to 35 % in 2008 (around 20 % in most years). During the
last three years, the average probability of reaching the spawning target was 0 % and the average
percentage attainment 17 %.
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Figure 39. Left: Estimated spawning stock size (kg females) in leSjohka in 2004-2011. Right: Probability of meeting the
spawning target in the years 2004-2011. Figure from the Scientific Advisory Committee for Atlantic Salmon Management
in Norway.

The estimated total exploitation (based on weight) for leSjohka salmon was 91 % in 2009 and 88 % in
2010 (Figure 40). The estimated total pre-fishery abundance was 10 221 kg in 2009 and 13 597 kg in
2010, and from this the total catch was estimated to 9 266 kg in 2009 and 12 004 kg in 2010.

The relative proportion of leSjohka salmon caught in the coastal fisheries was higher in 2009 than
2010, with 2 631 kg (26 %) estimated to be caught in the coastal fisheries in 2009 and 2 679 kg (19
%) in 2010. This is also a higher proportion than estimated for Mdskejohka, Laksjohka and Valljohka,
which reflects the high proportion of large salmon in the lesjohka stock (large salmon are positively
selected for in the coastal fisheries).

The exploitation of leSjohka salmon in the Tana main stem was estimated to be 5 640 kg (55 %) in
2009 and 7 710 kg (57 %) in 2010. A total of 995 kg (10 %) and 1 615 kg (12 %) was reported caught
in the fishery within lesjohka itself in 2009 and 2010, respectively.
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Figure 40. The total amount of salmon belonging to lesjohka in 2009 (left) and 2010 (right), distributed into surviving
spawning stock and salmon caught in fisheries in either coastal, main stem or within-river fisheries.

Estimated relative exploitation efficiencies (based on weight) in 2009 and 2010:

e Coastal: 26%, 19 %
e Tana main stem: 74%,71 %
e  Within leSjohka: 51%, 50 %

The overexploitation was estimated to be 90 % in 2009 and 85 % in 2010.

The maximum sustainable exploitation rate was 0 % in 2009 and 24 % in 2010. This indicates a stock
situation with very little, if any, sustainable surplus. The current exploitation intensities in coastal
and main stem areas mean that the entire sustainable surplus in 2010 was caught before the salmon
arrived in lesjohka.

9.5.5 Karasjohka

The confluence of Andrjohka (Inarijoki) and Karasjohka forms the Tana main stem. Close to 40 km
upstream, Karasjohka meets leSjohka at Skaidegeahci. The lowermost 40 km are relatively
slowflowing with sandy bottom, only a couple of places have higher water velocity and suitable
conditions for salmon spawning. Above the confluence with leSjohka, conditions in Karasjohka
become much better suited for salmon. There are several rapids and some waterfalls in Karasjohka,
with Suorpmogorzi forming a possible obstacle. Electrofishing show, however, that salmon are able
to pass and spawn above this waterfall.There is one major tributary, Bavtajohka, approximately 98
km upstream from Skaidegeahdi. In this tributary, close to 40 km is available for salmon.

The spawning target of Karasjohka is 11 501 kg (8 626-17 252 kg). There were fish counting with
DIDSON in 2010 at Heastanjarga (the upper bridge over Karasjohka), approximately 5 km upstream
from Skdidegeahci. This counting provided an estimate of the number of salmon of different size
groups that migrated up into the upper part, and gave a good estimate of the 2010 exploitation rate
in the upper part of Karasjohka.

The following exploitation estimates (based on number of fish) were used to estimate spawning
stock size:

e Salmon <3 kg: 20 % (probability range 15-25 %)
e Salmon 3-7 kg: 40 % (30-50 %)
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e Salmon >7 kg: 40 % (30-50 %)

Karasjohka is far from reaching its spawning target throughout the period 2004-2011 (Figure 41).
The highest percentage attainment was around 20 % in 2008, 2010 and 2011. During the last three
years, the average probability of reaching the spawning target was 0 % and the average percentage
attainment 18 %.
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Figure 41. Left: Estimated spawning stock size (kg females) in Karasjohka in 2004-2011. Right: Probability of meeting the
spawning target in the years 2004-2011. Figure from the Scientific Advisory Committee for Atlantic Salmon Management
in Norway.

The estimated total exploitation (based on weight) for Karasjohka salmon was 86 % in 2009 and 73 %
in 2010 (Figure 42). The estimated total pre-fishery abundance was 11 864 kg in 2009 and 18 296 kg
in 2010, and from this the total catch was estimated to 10 203 kg in 2009 and 13 312 kg in 2010.

The relative proportion of Karasjohka salmon caught in the coastal fisheries was higher in 2009 than
2010, with 3 031 kg (26 %) estimated to be caught in the coastal fisheries in 2009 and 3 576 kg (20
%) in 2010. As was the case for the leSjohka stock, the Karasjohka stock also seem to be more
exploited in the coastal fisheries than the Maskejohka, Laksjohka and Valljohka stocks. This reflects
the higher proportion of large salmon in the Karasjohka stock (large salmon are positively selected
for in the coastal fisheries).

The exploitation of Karasjohka salmon in the Tana main stem was estimated to be 5 629 kg (47 %) in
2009 and 7 328 kg (40 %) in 2010. A total of 1 543 kg (13 %) and 2 408 kg (13 %) was reported caught
in the fishery within Karasjohka itself in 2009 and 2010, respectively.
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Figure 42. The total amount of salmon belonging to Karasjohka in 2009 (left) and 2010 (right), distributed into surviving
spawning stock and salmon caught in fisheries in either coastal, main stem or within-river fisheries.
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Estimated relative exploitation efficiencies (based on weight) in 2009 and 2010:

e Coastal: 26 %,20%
e Tana main stem: 64 %, 50 %
e  Within Karasjohka: 48 %, 33 %

The overexploitation was estimated at 48 % in 2009 and 63 % in 2010.

The maximum sustainable exploitation rate was 0 % in both 2009 and 2010, indicating a stock
situation with no exploitable surplus.

9.6 The importance of spawning target attainment

What are the consequences of not reaching the spawning target, or vice versa, what are the
winnings of setting a level of exploitation that makes sure the spawning target is reached? A simple
calculation can provide a closer illustration.

The Karasjohka has a spawning target of 11 501 kg females, and a calculated smolt production
capacity of 195 376 smolts (Hindar et al. 2007). Based on this smolt production, different scenarios
for the pre-fishery abundance of adult salmon can be calculated (Table 6 and Table 7). When
conditions at sea are good (Table 6), the stock is able to sustain even very high exploitation rates
before a negative development occurs (spawning stock size falling below spawning target). Good sea
survival combined with reaching the spawning target also produces a phenomenal number of
salmon as an exploitable surplus.

The situation quickly becomes less good in years with a lower sea survival (Table 7). Historically,
these low levels of sea survival seem to have become more common in the later years. The
sustainable exploitation rate is lowered greatly, and the cost (in terms of lack of an exploitable
surplus) of not reaching the spawning target quickly becomes heavy.

Figure 43 illustrates the huge potential that salmon as a species provides. The salmon has a high
fecundity and therefore has the potential for remarkable recruitment when environmental
conditions are favourable. However, Figure 43 also demonstrates how low the pre-fishery
abundance might become either when environmental conditions become worse or high exploitation
greatly reduces the spawning stock size. This really underlines the importance of having a regulation
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that maximizes the probability that enough salmon survives to spawning. Environmental
conditions are bound to fluctuate, and making sure that stocks reach their spawning targets really is
the only way of securing a reasonably good exploitable surplus every season.

Table 6. Number of smolts out, resulting pre-fishery abundance and exploitable surplus from different levels of
spawning stock size (compared with the spawning target) when sea survival is set at a high level.

Spawning Number of Sea survival Pre-fishery Exploitable Sustainable
stock (as % of smolts abundance surplus exploitation
the spawning produced (adult salmon) (number of rate

target) salmon)

100 % 195 376 15% 29 306 25767 88 %
80 % 156 301 15% 23 445 19 895 85 %
60 % 117 226 15% 17 584 14034 80 %
40 % 78 150 15% 11723 8173 70 %
20% 39075 15% 5861 2312 39%
10% 19538 15% 2931 0 0%

Table 7. Number of smolts out, resulting pre-fishery abundance and exploitable surplus from different levels of
spawning stock size (compared with the spawning target) when sea survival is set relatively low.

Spawning Number of Sea survival Pre-fishery Exploitable Sustainable
stock (as % of smolts abundance surplus exploitation
the spawning produced (adult salmon) rate

target)

100 % 195 376 5% 9769 6219 64 %
80 % 156 301 5% 7 815 4 265 55 %
60 % 117 226 5% 5861 2312 39%
40 % 78 150 5% 3908 358 9%
20% 39075 5% 1954 0 0%

10 % 19 538 5% 977 0 0%
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Figure 43. Estimate of the resulting pre-fishery abundance after different levels of spawning stock size, under three
different levels of sea survival ranging from relatively bad (2 %) up to very good (20 %).

9.7 Tana stocks vs. neighbouring rivers

One of the major arguments that are used to defend the current stock situation in Tana is that the
negative numbers merely reflect a natural variation in the system. At first glance, this might look like
a compelling argument. However, upon closer scrutiny, serious flaws become apparent.

The most serious flaw follows directly from the precautionary approach and the target evaluation.
The very bad target attainment that has been observed for several years now is, in itself, a definite
argument for making management changes. The management target is to keep the stocks above the
spawning target, even in the naturally poor years.

Historically, the variations in the Tana catch statistic have followed those of the rest of Finnmark
fairly closely. Poor salmon years in Tana have been reflected in poor years in neighbouring rivers,
indicating that some of the same environmental factors affect stocks in the area. However, in recent
years, the covariation between Tana and the rest of Finnmark has broken down (Figure 44). The last
5-6 years have been exceptionally good in most parts of Finnmark, with many rivers showing record
catches and good target attainment. This is a clear indication that environmental factors have been
much more favourable than the poor catch in Tana seems to indicate, and is a further indication that
the negative development in Tana is not caused by natural variation.
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Figure 44. Total catch from Tana compared with the salmon catch in the rest of Finnmark (blue line). In addition, a
comparison is provided with a river west in Finnmark (Repparfjordelva, red line), in the middle of Finnmark
(Stabburselva, orange line) and east in Finnmark (Vestre Jakobselv, green line). The catch statistics are standardized
(catch numbers from each year are subtracted from the mean and divided with the standard deviation), so that numbers
from the different rivers vary on the same scale, thus making the catch numbers from each river directly comparable. In
the comparison, catch numbers from other rivers are subtracted from the Tana numbers, producing the numbers
plotted in the figure. Values below zero indicate years when Tana have done relatively poor compared with other rivers,
while values above zero indicates years when Tana have done relatively good.

9.8 The unique problem of sequential accumulated exploitation

Assessing and regulating the fisheries after Tana salmon stocks pose a complex problem for fish
managers. A major part of the exploitation is due to mixed-stock fisheries (both with gillnets and
rod), and these mixed-stock fisheries take place in a sequence. First, Tana salmon is exploited in the
coastal fisheries with bend and bag nets along the outer coast of Nordland, Troms and Finnmark.
Then, further exploitation takes place in the Tana fjord towards the Tana River estuary. Next in the
sequence is the lower Norwegian main stem, followed by the common border area of the Tana main
stem. And then, after being exploited over a distance of hundreds of kilometres, the surviving
salmon are able to enter their natal river, where additional exploitation takes place.

Most areas of exploitation are regulated by their own set of rules, which then means that the
salmon is subject to different fishing efficiencies in each area. It is possible, using genetic data and
back-calculating from catch statistics, to estimate the absolute efficiency in each area and use this
information to infer the importance of changing regulations in the different areas.

Assuming 50 % exploitation rate within the tributary lesjohka, and using genetic data from the 2008
main stem fishery and 2008 coastal fishery, it is possible to do some back-calculations on the
exploitation rates experienced by salmon belonging to lesSjohka. The leSjohka stock is a mixture of
both small- and large-sized salmon, with most females being 2- and 3SW. This is a size-group that is
considered positively selected in many gillnet fisheries, e.g. the coastal bend nets and the main stem
drift nets.
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The data indicates the following level of exploitation in different areas:

e Coastal fisheries (outer coast and fjord combined): 19%
e Lower Tana main stem: 20%
e Border area: 63 %
e |eSjohka: 50 %

These estimates are based on combining catch statistics, genetic stock identification and tagging
data, and putting these data into a sequence, thus inferring the efficiency of each fishery. For
example, the coastal catch statistics give the total amount of salmon taken in the coastal fisheries,
while the genetic stock identification and tagging data provide an estimate of how much of the
coastal catch are Tana salmon. This proportion, then, is also the exploitation efficiency of the coastal
fishery. The same logic is applied to the Tana main stem. The catch statistic provides the catch
numbers for the lower (Norwegian) Tana main stem, while genetic stock identification provides an
estimate of how many of these salmon belonged to the lesjohka stock. The efficiency of the lower
Tana main stem fishery is calculated by taking the estimated catch of the lesSjohka stock in this
area, divided by the pre-fishery abundance of the Tana main stem (that is, the estimated number
of salmon from leSjohka that have survived the coastal fishery).

The large difference between the estimate for the lower Tana main stem and the border area might
initially seem confusing. It is here important to realise that these two estimates are based on two
different pre-fishery abundances. The lower Tana main stem pre-fishery abundance is the number of
salmon surviving the coastal fishery, while the border area pre-fishery abundance is the number of
salmon surviving both the coastal fishery and the lower Tana main stem fishery. Further, in the last
years, the catch in the lower Tana main stem have been just over 50 % of the border area catch. The
efficiency estimate of the lower Tana main stem must, accordingly, be significantly lower than the
border area efficiency estimate.

These estimates have the following practical meaning for the salmon stock”: If 10 000 le$johka
salmon swims towards the coast in the spring, 1 900 will be taken in the coastal fisheries and 8 100
salmon will survive and arrive at the Tana estuary. Of these survivors, 1 620 (20 % of 8 100) will be
taken in the lower (Norwegian) Tana main stem, and 6 480 salmon will be able to arrive at the
border area of the Tana main stem. In the border area, 4 082 salmon will be taken and 2 398 salmon
will survive to enter the lesjohka. In leSjohka, 1 199 salmon will be fished, and 1 199 will survive to
spawn. This is 12 % of the original 10 000 salmon.

What would be the result if the coastal fisheries were eliminated? Then 10 000 would be able to
enter the Tana estuary. Of these, 2 000 would be fished in the lower Tana main stem, 5 040 in the
border areas and 1 480 in leSjohka. The spawning stock would increase from 1 199 to 1 480, a gain of
only 281 salmon (3 % of the pre-fishery abundance), despite closing a fishery catching close to 2 000
lesjohka salmon.

® This is likely an overestimate, if compared with the 2010 exploitation rate estimate from the DIDSON trial in
the neighbouring Karasjohka.

* Please remark that the pre-fishery abundance of 10 000 used in these examples is entirely fictitious and is
selected purely as a starting point to illustrate the management consequences of various regulation choices.
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What about the lower Tana main stem? Closing the fishery here would change the exploitation
sequence somewhat. As before, 1 900 salmon would be taken in the coastal fisheries. A further

5 103 salmon would be taken in the border areas, and 1 499 in leSjohka. The spawning stock would
be 1 499, a gain of just 300 salmon (3 % of the pre-fishery abundance) from the first example above.

What about a combined effort, reducing the exploitation rate throughout the sequence? Let us try
the calculations with the following exploitation levels in different areas:

e Coastal fisheries: 15%
e Lower Tana main stem: 15%
e Border area: 50 %
e |eSjohka: 30 %

In the coastal fisheries, 1 500 salmon would be taken, leaving 8 500 salmon to enter the Tana
estuary. In the lower Tana main stem, 1 275 salmon would be taken and 7 225 salmon would survive
to the border area. Here 3 613 salmon would be taken, and 3 612 salmon would survive to leSjohka.
Of these, 1 084 salmon would be fished and 2 528 salmon would survive to spawning. This is more
than twice the number of salmon surviving to spawning under the current regime (1 199 versus

2 528 salmon).

This example illustrates how a combined effort throughout the exploitation sequence produces the
highest gain, with a much lower fisherman impact than the total closing of fishing in some areas
discussed above.

9.9 Management recommendations in light of the stock status

The current level of knowledge and monitoring means that we are able to do a stock-specific status
evaluation in five Norwegian tributaries only. This of course means that the majority of stocks are
not evaluated at all at the moment, including the biggest stock of all, the Tana main stem
population. This is one of the issues that a future monitoring programme needs to address.

The five tributaries are distributed in different parts of the Tana system: Maskejohka in the lower
part, Laksjohka and Valljohka in the middle part and lesjohka and Karasjohka in the upper part.
Currently, we have to assume that these evaluated tributaries to a degree are representative of
other tributaries in the same area. But even if this assumption is found to be untrue, the bad target
attainment found in the status evaluation by itself must have a direct consequence on how the
mixed-stock fisheries in the main stem and coastal areas are regulated. This message is not changed
by the lack of an evaluation (and possible better status) of other parts of the Tana river system.

The one major issue uncovered by the stock status evaluation is the very poor target attainment that
is observed throughout the years 2004-2011. In two rivers, Karasjohka and Laksjohka, the estimated
pre-fishery abundance was so low that there was no exploitable surplus in both 2009 and 2010.
Although no such analyses have been done yet for 2011, a preliminary look at target attainment in
these two tributaries in 2011 strongly indicates that there was no exploitable surplus also in 2011.
There was also no surplus in a third tributary, leSjohka, in 2009. The lack of target attainment
throughout the period 2004-2011 for all the five evaluated stocks is a clear warning that the Tana
stock situation is precarious.
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The environment of the Tana river system is still in relatively pristine and good condition, with
naturally functioning ecosystems. Accordingly, the only factor currently putting a negative pressure
on the Tana salmon stocks is human exploitation. No other threat factors are at a level where they
would cause a negative stock development. Due to the bad target attainment, a large part of this
exploitation must be classified as overexploitation.

The lack of target attainment means that spawning stock sizes must be increased. The easiest, and at
the moment perhaps only, way of approaching this is to reduce the exploitation rate of each stock
down to a level where the recruitment starts to increase. This is especially urgent for the MSW
components of the Tana stocks, as the number of MSW-salmon is declining.

The estimated total exploitation rates affecting stocks in Tana (especially stocks in the upper part of
the system) are considerably higher than those estimated for other rivers in Finnmark (Anon. 2011).
This high exploitation can be traced to two likely factors working in combination: (1) the additive
effect of a sequential exploitation accumulating over a long distance (outer coast, fjord and main
stem), (2) the complex mixed-stock fisheries in coastal areas and in the long and accessible Tana
main stem, and (3) the use of several different gear types in the mixed-stock fisheries ensure that
the exploitation efficiency remains high almost regardless of fishing conditions.

While on their spawning migration, Tana salmon are exploited over a large area. Late in the winter
and early in the spring, the maturing salmon start navigating from the feeding areas towards their
natal rivers. The initial route takes the salmon in the general direction of the coast, and Tana salmon
might encounter the Norwegian coast both east and west of the Tana river system (Svenning et al.
2011). After encountering the coast, the Tana salmon starts navigating near the shore along the
coast and in the Tana fjord towards the Tana River. In this phase, the salmon is exploited in coastal
and fjord fisheries with bag and bend nets. This exploitation might happen over a scale of hundreds,
or even thousands, of kilometres.

When entering the Tana River, the salmon meets a new fishery in the Tana main stem. In the lower
Norwegian part, the fishery is predominantly gillnet-based (gillnets, weirs, driftnets), while further
upstream, in the common border area, rod-based fisheries become more dominant. The main stem
is long and easily accessible, and the different fisheries can therefore be potentially very effective.

The salmon, thus, migrates over a long distance with a continuous risk of being fished. This risk
accumulates during the migration, adding up to a considerable accumulated exploitation even
though the fisheries in each area might, when seen in isolation, not by themselves be particularly
effective. This means that single fisheries (e.g. the coastal or the tourist rod fisheries) cannot be
blamed alone for the negative stock development. Rather, it is the sum of all fisheries that are
problematic.

By their nature, mixed-stock fisheries are complex. The catch statistic of a mixed-stock fishery
traditionally pools the catch of different stocks in to a single total. It is, thus, difficult to assess the
extent at which each stock is exploited. This is further complicated by different stocks having
different run timing, and different fishing gear operating efficiently and selectively at different times

> See chapter 6.6 for a definition of overexploitation.
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of the season. This variation in fishing gear ensures that salmon are efficiently exploited throughout
the season. For example, in the first weeks, drift net ensures efficient exploitation of early-migrating
salmon in a situation where high water level makes other types of fishing gears difficult (or even
impossible) to operate. The drift net fishery has explicitly been demonstrated to be a major source
of exploitation of both MSW salmon and previous spawners (see chapter 1).

Being able to specifically keep track of stock-specific exploitation rates within mixed-stock fisheries
should be a highly prioritized continuous monitoring task and this is a paramount knowledge
prerequisite to be able to continue with intensive mixed-stock fisheries within the framework of the
precautionary approach. Currently, this problem is approached with a combination of genetic stock
identification and fish counting. Genetic stock identification — used in projects such as Kolarctic
Salmon, which deals with the coastal mixed-stock fishery, and GenMix, which deals with the Tana
main stem mixed-stock fishery —is currently the only method we have of separating the catch in the
mixed-stock fisheries down to a stock-specific level in a cost-efficient manner.

Regulation recommendations:

1) The target attainment situation in the five evaluated stocks in Tana is bad. Exploitation
estimates reveal a high accumulated sequential exploitation pressure that is not sustainable.
This total pressure must be reduced down to a level at which each stock is likely to reach
their spawning target on an annual basis.

2) The sequential nature of the exploitation means that the only effective way of bringing the
total exploitation pressure down is by reducing the efficiency of all fisheries in the sequence.

3) New regulations should be target-specific. This is a challenge for mixed-stock fisheries, and
specifically tailored monitoring must be employed to ensure a sufficient knowledge level. An
example of such monitoring is the current combination of genetic stock identification
(Genmix, Kolarctic) and fish counting (video, DIDSON).

4) The negative trend observed for MSW salmon in the Tana river system further points to an
urgent need to implement regulations aimed at reducing especially the exploitation rate of
larger salmon.

5) Genetic stock identification of mixed-stock fisheries catch samples demonstrate that a high
exploitation of large egg producers (MSW females and previous spawners) belonging to the
tributaries takes place early in the season. It is therefore advised to reduce exploitation rates
in mixed-stock fisheries (both coastal and main stem) in the first weeks of the current season
(May and June).

9.10 Management evaluation in light of the stock status

Salmon fishing in the River Tana system has been regulated since 1873 by bilateral agreements
between Finland and Norway. The general fishery agreement is concluded between the
governments of Finland and Norway, and this agreement primarily regulates the local fisheries and
the associated fishing rights. Regional authorities in both countries regulate the tourist angling, and
these regulations can be amended on a yearly basis. The latest general agreement was signed in
1990. In this agreement, regulations are very rigid. The fishing season commences May 20 and stops
August 31. Net fishing is allowed three days per week, rod fishing six days per week and drift net
fishing can take place only in the beginning of the season (until June 15). All fishing is prohibited one
day per week, from Sunday until Monday evening.
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Internationally, the management of salmon has increasingly become target-focused following
initiatives from NASCO, starting with the agreement of the contracting parties in 1998 to adopt and
apply a Precautionary Approach to the conservation, management and exploitation of Atlantic
salmon. A procedure for this management regime is further detailed and formalized in the
document “Decision structure for the management of North Atlantic salmon fisheries” (CNL31.332
2002). The basis for the Decision Structure is to provide a consistent basis and approach for the
management and exploitation of salmon throughout the North Atlantic distribution area. Emphasis
is put on establishing reference points such as conservation limits and management targets, and
management actions that are triggered when the stock status fail to meet the designated targets.

The development of biological reference points should thus provide managers and scientists an
ability to assess the fish stock status and evaluate exploitation. The reference points take two forms:
limits and targets (United Nations 1995). The /imit is a boundary which ideally should not be crossed,
and limit reference points thus demarcate undesirable stock or fishery levels. The target is, on the
other hand, a point to aim at, and a target reference point thus is the basis for optimizing a particular
outcome. Uncertainties and variations will make it virtually impossible to hit a target every year, but
the stock level should be fluctuating around the designated target level.

In management these reference points are usually called “conservation limits” and “management
targets”. The conservation limit is the stock level below which recruitment would increasingly and
significantly fail. The management target is the stock level over which management can be certain
that the stock is above the undesired conservation limit. The Precautionary Approach requires “that
conservation limits and management targets be set for each river and combined as appropriate for
the management of different stock groupings defined by managers” and “that stocks be maintained
above conservation limits by means of management targets”.

All of the above points towards a future adaptive knowledge-based management of the Tana
salmon. The current regulation (based on the latest agreement between Norway and Finland) is
unfortunately severely lacking in this context, and has also utterly failed to stop a negative stock
development.

There are a couple of further main issues with the current agreement:

1) There are no targets or goals in the regulation that can be used to evaluate status and stock
development.

2) The current regulation is rigid and inflexible, and there is a complete lack of management
tools that can be used as a management response to changes in stock development or
environment.

All these problems must be fundamentally addressed in the forthcoming negotiation. The Group
recommends using the principles of an adaptive, knowledge-based management, built around the
following principles:

1) The agreement must be built around the use of stock-specific management targets.
2) The evaluation of target attainment must specifically be knowledge-based, with the
countries specifically and clearly committing to a monitoring programme that provides the



Tana research & monitoring group, report 1-2012 87

3)

4)

5)

necessary data for target evaluation. The required monitoring knowledge needed to
evaluate status is detailed in chapter 10.1.

There must be a built-in flexibility in the fishing rules. This flexibility should allow for
implementation of regulatory measures that operates both within-season and between-
season. Within-season measures are necessary to quickly counteract a low pre-fishery
abundance (or other unexpected issues that might suddenly arise, e.g. because of a
particularly dry summer) and increase the probability that targets are attained.

A particularly suitable form of flexibility is pre-agreed regulatory measures that can explicitly
be stated in the agreement, with each measure being the pre-agreed response to particular
scenarios. Because all these are pre-agreed, they can be quickly implemented by both
countries without any time-wasting hearing process.

To strengthen and ease the work with preparing the catch statistics, it is essential to have
quickly delivered and accurate catch reports from every person fishing in Tana. This should
be formalized in the agreement as a personal obligation for everyone.
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10 Monitoring and research needs

Riverine and coastal areas of the Tana River represent one of the world’s most important systems
for Atlantic salmon, and are by far the most important for Atlantic salmon in Norway and Finland.
Unlike other Norwegian and Finnish salmon streams, fisheries in and outside the river represent the
main factor affecting the salmon. Hydropower development, pollution or fish farming do not exist in
or near the Tana River. There are strong indications that several salmon stocks in the Tana system
are significantly overharvested, and mixed stock fisheries, both in coastal areas of Finnmark, and in
different parts of the Tana River represent major challenges for future management of the Tana
salmon. Stock status of Atlantic salmon in different parts of the Tana is largely unknown in detail, but
recent estimates of numbers of spawners in five Norwegian tributaries indicate spawning stocks far
below established spawning targets.

The NASCO Precautionary Approach (see chapter 4.3) emphasises the use of management targets as
a primary tool when evaluating stock status, and the establishment of management actions that are
triggered when stock status fail to meet the designated target. This procedure turns the
management into an adaptive knowledge-based regime which is transparent and predictable in its
decision-making, away from the much more abstract, obscure and rigid traditional regime that
current regime that has proven to be insufficient in stopping the negative development in many
stocks in the river system.

The present report points towards a target-driven knowledge-based adaptive management which
should be fully adopted in the Tana system in the future. Such a management regime puts great
demands on the level of monitoring and research that is needed, especially since most of the
fisheries in Tana are mixed-stock fisheries. A mixed-stock fishery greatly complicates the
management of each stock. Stocks differ in their status, with some stocks doing significantly worse
than others. Without detailed exploitation knowledge, the only way to counteract this would be to
carefully control the overall exploitation rate in the mixed-stock fishery to ensure the conservation
of less-productive stocks within an area of mixed-stock fishery. Overexploitation will, eventually,
push the numbers of returning salmon stocks below sustainable levels, and as salmon abundance
declines, diversity and resilience are reduced and risk of extinction is increased.

Fish management basically consists of the following four questions:

1) For each stock present in the Tana river system, how many fish should survive to spawn each
year?

2) What is the pre-fishery abundance of each stock?

3) Given points 1 and 2, how many fish can then be caught from each stock?

4) And following point 3, where should these fish be caught?

These questions and their implications are summarized in Figure 45. The main challenge for a
monitoring programme is to be able to provide accurate information on stock-specific pre-fishery
abundance, exploitation and spawning stock size. A detailed discussion on how to achieve some of
this is provided in the report from the Norwegian-Finnish temporary working group on monitoring
and research in Tana (Johansen et al. 2008), and most of this discussion still applies today. A
simplified summary of this discussion is provided under long-term recommendations below. In
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addition, some short-term recommendations specifically for 2012 are also provided at the end of
this chapter.

Coastal

Figure 45. The figure shows how management of a stock really is about allocation. The whole pie chart represents the
pre-fishery abundance of a stock, with a proportion caught in different fisheries (coastal, main stem and tributary in this
case). The surviving remainder represents the spawning stock size, which should be compared with the stock
management target. Ideally, the allocation of catch in different fisheries should be controlled so that the surviving
spawning stock remains larger than the target. The pre-fishery abundance will fluctuate from year to year, meaning that
the surplus available for exploitation also will vary.

10.1 Long-term monitoring recommendations

A stock status evaluation within an adaptive knowledge-based management regime should be based
on the best possible monitoring data, and this data should be provided through a consistent, long-
term well-designed monitoring programme. Such a programme should provide (1) a detailed and
accurate catch statistics from all different areas and fisheries of the system, (2) catch samples that
provide life history data and enable stock identification of the catch in mixed-stock fisheries, and (3)
accurate fish counting, either in the form of number of fish entering e.g. a tributary, or in the form of
spawner counts after the fishing season. To simplify, the long-term monitoring in the Tana must
provide data on two basic levels:

1) Actual counts of fish in different areas of the system. This is needed to (1) give data on the
actual number of fish present (either before or after fishery), and (2) provide data on
exploitation rates that is necessary to calibrate the status evaluation.

2) Data necessary to separate the catch in mixed-stock fisheries down to a stock-specific
level. Stocks differ in their status, with some stocks doing significantly worse than others.
Detailed exploitation data is therefore necessary to be able to defend a continuation of an
intensive mixed-stock fishery.

The first point is related to abundance criteria of a stock monitoring and characterisation, the second
to diversity criteria (see the NASCO Decision Structure).

The current level of monitoring and research is unfortunately limiting the level of stock detail that
can be used in the status evaluation, as seen in Chapter 1 of this report. Currently, usable
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management targets are estimated only for six Norwegian tributaries (of which one, Leavvajohka,
has to be omitted from the status evaluation due to the very low number of anglers using the river).
Further research and more detailed monitoring are needed to allow a broader stock specific
evaluation which includes the Tana main stem.

The Tana river system, with its position along the borders of Norway and Finland, represents a joint
resource which the two countries have a shared responsibility for. To establish an overall common
understanding of this responsibility, it is necessary to collaborate tightly on all levels, both related to
management and knowledge (monitoring and research). During the last decade, Norwegian and
Finnish researchers have increasingly collaborated on research and monitoring tasks, and today this
collaboration is an established matter of course.

In addition to collaboration between researchers, cooperation between researchers and local people
has improved markedly over recent years. Incorporation of local knowledge and expertise has
become an inherent part of many data collection activities, and establishment of the new local
management regime on the Norwegian side has given the local people a contact point that provides
local access to knowledge and updated information on scientific results. In addition, contact
between Norwegian and Finnish local organizations has been systematically improved. The Group
strongly endorses this positive development, and will work to improve its relation with locals on
both sides of the border by prioritizing finding arenas that allows the communication of local
environmental knowledge to the Group and other scientists, and allows dissemination of scientific
knowledge to locals in an accessible manner. This is a task clearly highlighted in the Group Mandate,
and in agreement with the recommendations from the recent Norwegian working group established
to advice on salmon fisheries regulations in northern Troms and Finnmark.

A problem that remains a major issue in Tana today is the lack of long-term predictability in the
research and monitoring activities. Up till now, issues with the funding process have made it
impossible to plan activities for more than 1-2 years ahead. This lack of a long-term predictability is
currently one of the major obstacles when it comes to research and monitoring in Tana. The Group
therefore recommends the joint establishment of a permanent Norwegian-Finnish research and
monitoring programme for Tana. This programme, and its details, should be specified in a binding
way in the agreement.

The contents of such a monitoring programme are described in more detail below.

10.1.1 Fish counting

As demonstrated in chapter 9.5, there is substantial variation in the exploitation rates experienced
by different stocks in different fisheries. For instance, the Tana main stem exploitation of salmon
from Mdskejohka is much lower than the Tana main stem exploitation of salmon from leSjohka. For
this reason, the long-term monitoring must be spatially distributed in the lower, middle and upper
parts of the Tana system.

Logistically and technically, fish counting in the Tana main stem remains a daunting task, and it is
therefore our current recommendation to focus the counting in tributaries. The following tributaries
are recommended for a future counting programme:
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1)

2)

3)

Lower part: Mdaskejohka. The current stock status of Maskejohka is discussed in chapter
9.5.1. With its relatively medium river size, the Mdskejohka could potentially be counted
with video, but as the river flows through areas with lots of clay there are long periods of
low water visibility that excludes video as an effective solution. Ascending salmon must
therefore be counted acoustically (with DIDSON). A suitable site for this was identified
during field work in 2011.

Middle part: Currently, two tributaries are counted in the middle part of Tana. On the
Finnish side, video cameras have been operated annually in Utsjoki since 2002, and on the
Norwegian side, video cameras have been operated in LakSjohka since 2009. The main
advantage of video is its ability to provide both smolt and adult counts, which can be used
both to estimate sea survival and point towards future return rates. This is an established
part of the current monitoring that also provides useful data on exploitation rates that have
relevance beyond the monitored tributaries, e.g. the exploitation rate in LadkSjohka can
provide a guideline for the exploitation rate in other small Norwegian tributaries that are
fished only with rod.

Upper part: There are three large tributaries in the upper part of Tana that each deserves
attention. In the current situation, there has been a successful pilot project using DIDSON in
Karasjohka in 2010, and further mapping in 2011 has identified a suitable site for future
acoustic fish counting in this system.

In addition to the counting of migrating salmon detailed above, it is recommended to do a count of

spawners in smaller tributaries using diving.

10.1.2 Catch samples
The scale sampling project in Tana has, since its beginning in the early 1970s, provided a unique and

highly valuable time-series on the composition and diversity of Tana salmon stocks in the Tana main

stem mixed-stock fishery. This project is fundamentally important also for the future monitoring of

Tana salmon stocks.

10.1.3 Stock identification
A major part of the exploitation of Tana salmon takes place as mixed-stock fisheries in coastal areas

and the Tana main stem. The catch statistics of these fisheries are only total numbers with all

different stocks lumped together in unknown relative proportions. This has made it almost

impossible to properly evaluate the stock-specific effects of the mixed-stock fisheries.

It is now possible, using genetic stock identification, to identify the stock of origin of fish sampled in

the Tana scale sampling project. This stock identification, in combination with catch data (fishing

gear, time and place of catch) and life history data from scale reading, provides an incredibly

powerful tool for the future management of Tana salmon as it allows for the construction of stock-

specific exploitation models that can be used to evaluate current exploitation pressure and pinpoint

when and where each stock potentially are exploited too efficiently.

Two projects are currently providing directly useful data on this:

1)

Mixed-stock fishery in coastal areas: The Kolarctic Salmon 2011-2013 project
(http://www.fylkesmannen.no/kolarcticsalmon) collects catch samples from fishermen
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along the coast of northern Nordland, Troms and Finnmark. Genetic stock identification of
these samples can be used to establish a coastal exploitation model for Tana salmon.

2) Mixed-stock fishery in the Tana main stem: The Genmix project have been on-going since
2009 with financial support from the Norwegian Directorate of Nature Management and is a
major effort undertaken to 1) establish a comprehensive genetic baseline of the stocks in
the Tana river system, and 2) do genetic stock identification of catch samples from the scale
sampling project in the Tana main stem.

A major obstacle in the establishment of stock-specific exploitation models is the stock diversity of
the system. The high number of stocks in combination with large areas, different fishing gears and a
long fishing season puts a high demand on the number of fish that must be analysed.

The extensive mixed-stock fisheries affecting stocks in the Tana system necessitates that genetic
stock identification of catch samples should be included as a prioritized part of a future monitoring
programme.

10.1.4 Juvenile production

Juvenile assessments have been done annually in Tana since 1979, and properly collected juvenile
data is highly useful in a future Tana stock monitoring programme. With a well-designed juvenile
monitoring programme, in combination with estimates of spawning stock sizes, it is possible to
establish stock-recruitment relationships and therefore improve the current management targets.

Juvenile production provides a direct estimate of the success of a spawning stock, and can be a
useful estimate of stock status in parts of the river system where we lack other measures of
spawning stock size. This is, however, a difficult question to tackle with the current juvenile
monitoring programme, which has a sampling design that makes it difficult to tackle important
monitoring goals. A detailed discussion on the problems with the current sampling design can be
found in chapter 6.1.3 in Johansen et al. (2008). It is worth reiterating a couple of the objections
here. The most important objection is the selection of electrofishing sites. Sites judged to be good
salmon habitats are also the parts of the river system that are least sensitive to changes in overall
juvenile density. Most of the existing sampling stations are in the central parts of the river system,
areas that are likely to be saturated with juveniles coming from both local spawning and from
migrations. Such sites are therefore expected to poorly reflect changes in spawner density.

The second objection is concerning the statistical power of the sampling protocol. Currently, a
traditional site-oriented approach is taken with a limited number of sites (each with a certain area) is
sampled annually. This approach is highly vulnerable to environmental variation (both from site to
site and from year to year), which will greatly diminish the statistical power of the design.

It is therefore recommended to establish a long-term juvenile monitoring programme that builds on
the current programme but is also tweaked to be more statistically robust and thereby provide more
guantitative status data. This can be done for example by establishing new sampling sites in the
uppermost areas of tributaries, at the boundaries of salmon distribution where the number of
spawners will likely vary more from year to year, and by adopting a more transect-driven approach
to sampling (instead of the current site-driven approach). The latter will greatly increase the number
of sampling points and therefore also provide a much improved statistical power. However, the
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detailed specifics of a future juvenile monitoring programme must be considered carefully and are
beyond the scope of the present report.

10.2 Short-term monitoring recommendations for 2012
The Group recommends that the following activities are prioritized in 2012:

1) Catch sampling. The scale sampling project provides important life history and exploitation
data from the Tana main stem mixed-stock fishery with a time series dating back to the early
1970s.

2) Catch statistics. Collection of best possible catch statistics in both countries remain a high
priority and a corner stone of basic monitoring of the Tana salmon stocks.

3) Genetic stock identification. Stock identification is a key element in the monitoring of
exploitation within the system, as it enables the production of a stock-specific catch statistic
that includes both fish caught in each tributary and fish caught in the mixed-stock fisheries
(both coastal and main stem). The current project is well underway and is currently
accumulating highly interesting management relevant data. The issue of solving the riddles
of the Tana mixed-stock fisheries is timely, as this will be an important issue for the
forthcoming negotiations.

4) Video counting in Utsjoki and Laksjohka. There is a long time-series in Utsjoki and a short (3
year) series in Laksjohka, and this data provide a good way of calibrating and validating the
genetic results. The video counting is a well-proven and tested method in these two
tributaries now, and can be continued with relatively small costs.

5) Acoustic counting. After the successful trial in Karasjohka in 2010, acoustic counting show
great promise in areas of the system that are not suitable for video. Further tests with new
sites (e.g. Karasjohka and Mdskejohka) should be performed in 2012.

6) Juvenile monitoring. The current juvenile monitoring has provided data on changes in
juvenile salmon production (densities), occurrence and densities of other fish species, and
long-term growth variations of juveniles since 1979.

10.3 Other research needs

The current approach to status evaluation is based on the NASCO Precautionary Approach and uses
management targets as the main evaluation tool. Unfortunately, the current management targets, in
the form of spawning targets from Hindar et al. (2007), only covers a small part of the Tana river
system. This will have to be remedied in the coming years, and the Group therefore propose the
following research needs connected with the use of spawning targets in Tana:

1) Usable spawning targets must be established for the Tana main stem, Anarjohka/Inarijoki
and Finnish tributaries.

2) An approach to evaluating the spawning target in areas of mixed-stock fisheries in the Tana
river system must be established. This is currently a methodological problem. For instance,
the main spawning population in Tana belongs to the Tana main stem, but the size of this
river precludes the use of counting to establish the spawning population. And the catch
statistic from the main stem includes salmon from all other areas of Tana in addition to
salmon belonging to the main stem. This precludes the direct use of the catch statistic to
evaluate the spawning target.
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1 Yhteenveto

Tybryhma ja sen tehtava

Suomen maa- ja metsatalousministerio ja Norjan ymparistoministerio perustivat pysyvan seuranta-
ja tutkimustydryhmaén virallisesti vuonna 2011 helmikuussa 2010 allekirjoitetun
yhteisymmarryspoytakirjan pohjalta. Yhten& toimeksiannossa maariteltynéd kohtana tyéryhman on
toimitettava vuosiraportteja lohikannoista, arvioitava niiden hoitoa ja annettava seurantaa ja
tutkimusta koskevaa neuvontaa. Tdma on tyéryhméan ensimmainen raportti.

Tenojoki, sen lohikannat ja kalastus

Subarktisella vyohykkeella sijaitseva Tenojoki muodostaa pohjoisimman Norjan ja Suomen vélisen
rajan. Joen valuma-alue on 16 368 km?, koostuen useista pienist4 ja suurista sivuhaaroista, joista
useimpiin (>1 200 km) nousevilla lohilla on helppo paasy. Tenojoki on myds yksi harvoja Atlantin
runsaita lohikantoja tukevia jokivesistdja, joihin ihmisen toiminta kalastusta lukuun ottamatta
vaikuttaa hyvin vahén tai ei lainkaan.

Tané paivana Tenojoessa on maailman suurin Atlantin villilohikanta. Vuotuiset jokisaaliit
vaihtelevat 70 ja 250 tonnin vélill4, mik& vastaa keskimé&érin 30-50 000 pyydettyé kalaa vuodessa.
Koko lohikanta koostuu véhintaan 30 populaatiosta, joilla on hyvin moninainen kehityshistoria.
Meri-ikdiset ryhmaét vaihtelevat yhden merivuoden ikéisista lohista viiden merivuoden ikéisiin
lohiin, joihin kuuluu useita erityyppisia aiempia kutukaloja. Toistaiseksi karanneiden viljeltyjen
kalojen osuus Tenojoen lohisaaliissa on ollut hyvin pieni, mutta niiden osuus kalastuskauden
jalkeen ei ole tiedossa.

Lohen jokikalastukseen Tenojoessa kuuluvia menetelmia vapakalastuksen liséksi ovat
verkkokalastuspyydykset kuten pato, verkko, nuotta ja ajoverkko. Viimeisina viitend vuotena
vapakalastuksen saaliin osuus on ollut noin 60 % jokivesiston kokonaissaaliista ja viimeisten 30
vuoden aikana eri kalastusmenetelmien osuudet ovat pysyneet l&hes samoina. Suurin osa Tenojoen
paauoman pyynnista on sekakantakalastusta, joka korostuu erityisesti paduoman ala- ja keskiosissa.
Telemetristen merkint6jen kokeilujen perusteella jokikalastuksen pyyntiaste voisi yltaa yli 60 %
tasolle. Yhdessd merikalastuksen kanssa joidenkin Tenojoen lohikantojen todellinen
hyodyntamisaste voi olla hyvin korkea, jopa 90 %.

Tenojoen lohikantojen hoito

Norja ja Suomi (EU:n kautta) ovat molemmat Pohjois-Atlantin lohensuojelujarjeston (NASCO)
jasenid. NASCO on kansainvélinen jarjesto, jonka tavoitteena on suojella, ennallistaa, parantaa ja
jarkiperdisesti hoitaa Atlantin lohikantoja. Kahdenvélisesti Tenojoen kalastussopimus on neuvoteltu
Suomen ulkoministerion ja maa- ja metsatalousministerion ja Norjan ymparistoministerion valilla.
Viimeisin kalastussopimus on vuodelta 1990. Molempien maiden aluehallintoviranomaiset
séatelevét turistien vapakalastusta (Finnmarkin ladninhallituksen ymparistdosasto Norjassa ja Lapin
elinkeino-, liikenne ja ymparistokeskuksen kalatalousyksikkd Suomessa). Turistikalastusta koskevia
sdannoksié voidaan muuttaa vuosittain. Molempien maiden paikallisorganisaatioilla, etenkin
askettdin perustetulla "Tanavassdragets fiskeforvaltning” Norjassa, on myds oma roolinsa
kalastuksen jarjestamisessa. Norja sadtelee rannikkokalastusta kansallisesti, ja entisté rajoittavampia
toimenpiteitd on otettu kayttéon viime vuosina.

Paikallinen ja perinteinen tieto

Tyoryhma tiedostaa paikallisen/perinteisen ekologisen tietdmyksen merkityksen ja pyrkii
sisallyttdmaan tamantyyppisen keskeisen tietdmyksen tyohonsé. Paikallisesti petoeldimet mainitaan
usein lohikantoja uhkaavana tekijana. Véitteelle, ett4 luonnossa esiintyvat petoeldimet olisivat uhka



lohelle, on kuitenkin hyvin vahan biologisia perusteita, ja petoeldinten saalistusta on pikemminkin
pidettava lohien elinympériston ja ekosysteemin keskeisena ja luonnollisena osana., jolla harvoin
voidaan osoittaa olevan negatiivisia vaikutuksia kantoihin. Paras tapa kasitell& saalistuksen
mahdollisia haittavaikutuksia on varmistaa kannanhoitotavoitteiden saavuttaminen siten, etta kannat
lisdantyvat tdysimaaréisesti vuosittain. Muita esiin nostettuja asioita ovat mm. luonnollinen
vaihtelu, lisdantynyt turistikalastus ja verkkokalastuksen vaheneminen.

Uhkatekijat

Tenojoen uhkatekijoitd koskeva yleiskatsaus osoittaa, ettd lohen ylikalastus lohen vaellusreitin eri
osissa on vakava uhkatekija Tenojoen lohikannoille. Muun ihmisen toiminnan kuten saastumisen,
vesivoiman kehittdmisen tai kalanviljelyn vaikutukset Tenojoen lohikantoihin ovat véhéisié tai
olemattomia. Kivisimppu on uusi tulokaslaji Utsjoessa ja se on nyt levidmassé Tenojoen pdauoman
yla- ja alajuoksulle. Utsjoessa kivisimppua on toistaiseksi padaosin havaittu alueilla, joilla
lohikalojen esiintymistiheys on alhainen.

Seuranta

Nykymuotoinen Tenojoen lohikantojen pitkan aikavalin seuranta, johon kantojen tilan arviointi
paaosin perustuu, aloitettiin 1970-luvulla. Tenojoen pitkén aikavélin seurantaohjelman paéelementit
ovat saalis- ja kalastustilastot, saalisndytteet, pddasiassa suomunaytteet, ja lohenpoikasten
runsauden arviointi pysyvissa otantakohteissa. Muita lyhyemman aikaa toteutettuja
seurantamenetelmid ovat sekd nousevien etté laskevien lohien laskenta Utsjoessa ja Laksjohkassa.
Aikuisten kutulohien mé&éria on laskettu kahdessa sivuhaarassa vuodesta 2003 alkaen. Erdissa
suurimmista sivuhaaroista (Kérasjohka, Méskejohka) ylavirtaan vaeltavien lohien pysyvan
laskennan arviointia toteutetaan nykyaan uudenaikaisen luotaustekniikan avulla.

Kantojen tilan arviointi ja hoitosuositukset

NASCO:n ennalta varautumisen periaatteen mukaisesti kantojen tilan arviointi perustuu
tavoitelahtdiseen lahestymistapaan. Tdmén lahestymistavan peruselementit ovat (1) kantakohtaisten
kututavoitteiden maarittely (ts. kannan tuottopotentiaalin toteutumiseksi tarvittavan naaraspuolisten
kutulohien lukumaaran arviointi, (2) arvio naaraspuolisten kutulohien lukumaarésté kalastuskauden
jalkeisessé kannassa ja (3) tavoite- ja kutukanta-arvion vertailu.

Talla hetkelld kayttokelpoisia kututavoitteita on maaritelty koskien kuutta sivuhaaraa Norjan
puolella. Kutukannan arviointi tehddan koskien viitta naisté sivuhaaroista: Maskejohka, Laksjohka,
Vaélljohka, leSjohka ja KaraSjohka. Kuudes sivuhaara Leavvajohka jatettiin pois, koska sielld
kalastajien lukumaara on hyvin pieni.

Kaikkien viiden sivuhaaran kutukannan arviointi osoittaa, etta t&lla hetkell tavoitteen
saavuttaminen on Tenojoen vesistdssé hyvin heikkoa. Kaudella 2004-2010 kututavoitetta ei
saavutettu yhdessakaan arvioiduista sivuhaaroista ja useimpina vuosina kutukannat jaivat
huomattavasti tavoitteita pienemmiksi. Lahimmaksi tavoitetta, 64 %, paastiin alimpana vesistdssa
sijaitsevassa sivuhaarassa Maskejohkassa vuonna 2010. Jokivesiston keskiosassa tavoitteen
saavuttaminen jai alhaisesmmaksi: 50 % Valljohkassa vuonna 2006 ja 25 % Laksjohkassa vuosina
2006 ja 2009. Vesiston ylaosassa 35 % tavoitteesta saavutettiin leSjohkassa vuonna 2008 ja 20 %
KéraSjohkassa vuosina 2008 ja 2010.

Tulos tarkoittaa sitg, ettd matimunien maaré ja nain ollen poikastuotanto on viime vuosina jaanyt
huomattavasti kunkin sivuhaaran potentiaalista tuotantokapasiteettia alhaissmmalle tasolle. Samaan
aikaan Finnmarkissa sijaitsevien naapurijokien lohikannoista on saatu ennétyssaaliita useina
vuosina, mika osoittaa, ettd tavoitteiden heikko saavuttaminen Tenojoessa ei voi johtua



luonnollisista syisté (esim. huonot olosuhteet merialueella olisivat johtaneet lohien heikkoon
selviytymiseen).

Tenojoen vesiston lohia kalastetaan laajalla alueella, alkaen rannikkokalastuksesta Finnmarkin,
Tromsin ja Nordlandin ulkorannikolla ja jatkuen Tenovuonon rannikkokalastuksen ja Tenojoen
paauoman jokikalastuksen kautta aina eri sivuhaaroissa tapahtuvaan kalastukseen asti. Vain
viimeksi mainittu on yhteen kantaan kohdistuvaa kalastusta, muu on sekakantakalastusta. Kalavarat
muodostavat jatkumon, jossa tietylla alueella kalastukseen hyddynnettavissa olevat lohet ovat
edelliseltd alueelta selviytyneitd kaloja. Tenojoen vesiston lohikantoihin kohdistuu siis perékkéisen
kumuloituneen kalastuksen paine, joka nostaa koko kalastuspaineen korkealle tasolle vaikka
kalastus kullakin erillisilla alueella ei sin&nsé olisi erityisen intensiivista.

Kokonaishyddyntdmisastetta arvioitiin kussakin arvioidussa kannassa vuosina 2009 ja 2010
seuraavan aineiston pohjalta: (1) joko saalis- tai kalalaskenta kussakin sivuhaarassa, (2) arvioitu
kantakohtainen saalis pdduomassa (saalistilastojen ja geneettisen kantaosuusanalyysiaineiston
pohjalta) ja (3) arvio rannikkokalastuksen kantakohtaisesta saaliista (saalistilastojen,
rannikkoalueen v. 2008 geneettisen kantaosuusanalyysiaineiston sek& vanhojen merkitsemistietojen
pohjalta).

Kokonaishyddyntamisaste oli alhaisin alhaisimmassa sivuhaarassa Méaskejohkassa, jossa se oli 59
% vuonna 2010 ja 66 % vuonna 2009. Jokivesiston keski- ja yldosaa koskevat arviot olivat
korkeampia, 91 % leSjohkassa vuonna 2009, 90 % Valljohkassa vuonna 2009, 86 % KaraSjohkassa
vuonna 2009 ja 73 % Laksjohkassa vuonna 2010.

Eri kantoihin kohdistuvaa hyddyntamisté koskevissa arvoissa esiintyi joitain ristiriitaisia
eroavaisuuksia, erityisesti, kun verrattiin Tenojoen vesiston ala- ja yldosia keskenaan. Kaikissa
arvioiduissa kannoissa n. 15-20 % kokonaissaaliista pyydettiin rannikkokalastuksessa (suurempi
rannikkokalastuspaine kohdistui kantoihin, joissa usean merivuoden lohien osuus on suuri).
Tenojoen pdduomakalastuksen osuudessa on huomattavia eroja. Alimmassa sivuhaarassa,

Maéskejohkassa Tenojoen pdduoma tuottaa n. 11 % kokonaissaaliista, kun taas leSjohkassa
paaduoman osuus on 55-57 %. Sivuhaarojen sisdisen kalastuksen osuuksissa on myos eroja:
Maskejohkan lohisaaliista n. 30 % pyydetaan itse Maskejohkasta, mutta leSjohkan lohen
kokonaissaaliista vain 10 % pyydetdén téasta sivuhaarasta.

Y likalastuksen maarittely uhkatekijana perustuu siihen, missa maarin kutukannan pienenemisen
kututavoitteen alapuolelle voidaan katsoa johtuvan kalastuksesta. Kaikissa viidessa sivuhaarassa
tapahtui merkittavaa ylikalastusta molempina vuosina 2009 ja 2010, josta pahin esimerkki on 90 %
kalastuskuolleisuus leSjohkassa vuonna 2009.

Arvio korkeimmasta kestévasta hyodyntdmisasteesta (maksimaalinen kalastuksen taso, jonka kanta
kestaa siten, ettd kututavoite saavutetaan) osoittaa, etté joitain kantoja verotetaan siind méaarin, etta
kestavaa ylijadmaa syntyy hyvin vahén tai ei lainkaan. leSjohkassa (2009), KaraSjohkassa (2009 ja
2010) ja Laksjohkassa (2009 ja 2010) korkein kestavé hyddyntamisaste oli 0 %. Nama kannat olivat
kututavoitteiden alapuolella jo ennen kuin yhtdan kalaa niiden lisddntymisjoissa oli pyydystetty.
Maksimaalinen kestava hyodyntdmisaste arvioitiin korkeimmaksi Valljohkassa, jossa se oli 73 %
vuonna 2010 ja 65 % vuonna 2009.

Talla hetkelld kannanarviointiin kdytetadn vain viitta jokea, mika herattad kysymyksen, kuinka
nédma suhteutuvat vesiston muihin osiin. Tassa on kaksi keskeistd nékokohtaa: (1) korkean



perakkaisen kumuloituneen kalastuksen aiheuttama ongelma todennékdisesti koskee kaikkia
Tenojoen lohikantoja ja (2) viidessé arvioidussa sivuhaarassa havaittu heikko tavoitteiden
saavuttaminen on jo sindnsa riittdva peruste suositella muutoksia naihin kantoihin kohdistuvan
sekakantakalastuksen saatelyyn. Talta pohjalta my6s muut kannat todennékdisesti hyotyvat seka
sekakantakalastusta ettd sivuhaaroja koskevasta séatelyjarjestelméstd, jolla viiden arvioidun kannan
kokonaiskalastus saadaan kestévélle tasolle.

Yksinkertaiset laskelmat osoittavat, ettd on vaarallista jattad huomioimatta perakkéaisen
kumuloituneen kalastuksen vaikutusta ja saddelld vain osia tésté jatkumosta. Yhtendisten
saatelytoimien tarve perakkaisen kalastuksen kaikissa vaiheissa (rannikko—vuono-péauoma-
sivuhaara) voidaan osoittaa leSjohkan lohikantaa esimerkkind kayttaen. Esimerkiksi
rannikkokalastuksen poistuminen johtaisi 3 % kutukannan lisdykseen (kalastusta edeltavassa
kokonaisrunsaudessa), vaikka ndin suljettaisiin pois kalastus, joka talla hetkell& vastaa n. 20 %
kalastusta edeltdvasta runsaudesta. Sama 3 % lisdys saavutettaisiin, jos lopetettaisiin kaikki kalastus
Norjanpuoleisen Tenojoen pdduoman alajuoksulla. Pienelld kalastusintensiteetin véhennyksella
kalastuksen kaikissa vaiheissa saavutettaisiin 13 % lisdys (kalastusta edeltdvassa kannan koossa).

Saatelysuositukset:

1) Tavoitteiden saavuttaminen Tenojoen viidessé arvioidussa kannassa on heikkoa.
Hyddyntdmisarviot osoittavat korkean perakkaisen kumuloituneen kalastuksen
aiheuttaman paineen, joka ei ole kestavélla tasolla. Kokonaispaine on laskettava tasolle,
jolla kukin kanta todennédkdisesti saavuttaa vuosittain kututavoitteensa.

2) Kalastuksen perdkkéinen luonne tarkoittaa, ettd ainoa tehokas tapa alentaa kalastuksen
kokonaispainetta on véhentad tehokkuutta kussakin perékkaisessa kalastusvaiheessa.

3) Uuden sédatelyn tulee olla tavoitelahtoista. Tama on haaste sekakantakalastuksessa, ja
riittdvan tietotason varmistamiseksi on kaytettava erityisesti raataloitya seurantaa. Yksi
esimerkki tallaisesta seurannasta on talla hetkelld kdytdssé oleva geneettisen
kantaosuusanalyysin (Genmix- ja Kolarctic-hankkeet) ja kalalaskentojen (video,
DIDSON) yhdistelmé.

4) Tenojoen vesistossa havaittu usean merivuoden lohien maarén lasku korostaa entisestdan
Kiireellista tarvetta saatelyyn, joka kohdistuu erityisesti suurempien lohien
hyddyntdmisasteen alentamiseen.

5) Sekakantakalastuksen saalisndytteiden geneettinen kantaosuusanalyysi osoittaa, etté
sivuhaaroihin kuuluvia suuria matimunien tuottajia (usean merivuoden naaraita ja
aiemmin kuteneita) kalastetaan runsaasti kalastuskauden alkupuolella. Siksi olisi suotavaa
alentaa sekakantakalastuksen hyddyntdmisastetta (sekd rannikolla ettd paduomassa)
nykyisen kauden ensimmadisiné viikkoina (touko- ja kesakuussa).

Tyo6ryhma suosittaa seuraavia periaatteita Tenojoen lohikantojen hoitoon tulevaisuudessa:

1) Sopimuksen tulee rakentua kantakohtaisten hoitotavoitteiden pohjalle.

2) Tavoitteiden saavuttamisen arvioinnin tulee olla nimenomaisesti tietoperusteista ja maiden
tulee erityisesti ja selkeésti sitoutua seurantaohjelmaan, joka tarjoaa kannanarvioinnissa
tarvittavat tiedot.

3) Kalastussédénnoissa tulee olla sisdanrakennettua joustoa. Tdman jouston tulee mahdollistaa
toimivat séételytoimenpiteet sekd kalastuskauden aikana ettd kausien vélissa.
Kalastuskauden aikana toteutettavat toimet ovat tarpeen nopeana reagointina kannan
alhaiseen runsauteen ennen kauden alkua (tai muihin odottamattomiin ja akkia ilmeneviin



tilanteisiin esimerkiksi poikkeuksellisen kuivan kesan takia) ja tavoitteiden saavuttamisen
todennakdisyyden lisdamiseksi.

4)  Erityisen sopiva joustavuuden muoto ovat ennalta sovitut saatelytoimenpiteet, jotka
voidaan todeta selkeésti sopimuksessa siten, ettd kukin toimenpide on ennalta sovittu
vastaus tiettyyn tilanteeseen. Koske toimenpiteet on sovittu etukéateen, ne voidaan toteuttaa
nopeasti kummassakin maassa ilman aikaa vievia kuulemisprosesseja.

5) Saalistilastojen laatimistyon vahvistamiseksi ja helpottamiseksi on oleellista saada
nopeasti tasmélliset saalisraportit kaikilta Tenojoella kalastavilta. Tamé pitéisi virallistaa
sopimuksessa jokaista kalastajaa koskevana henkilokohtaisena velvoitteena.

Pitkan aikavalin tutkimus- ja seurantasuositukset

Tietoon perustuvaan hoitojarjestelmaédn kuuluvan kannanarvioinnin tulee pohjautua parhaisiin
mahdollisiin, jatkuvasta pitkan aikavélin seurantaohjelmasta saatuihin seurantatietoihin. Tallaisen
ohjelman tulee tuottaa (1) yksityiskohtaiset ja tasmélliset saalistilastot kaikilta eri alueilta ja
kaikesta vesistossa tapahtuvasta ja siihen liittyvéstd kalastuksesta, (2) saalisnaytteitd, joista saadaan
elinkaaritiedot ja jotka mahdollistavat kantaosuusanalyysin sekakantakalastuksen saaliista, (3)
tarkat ja tdsmalliset kalalaskennat esimerkiksi tiettyyn sivuhaaraan tulevista kaloista tai
kalastuskauden jalkeisten kutukalakantojen laskennan muodossa.

Eri kalakantojen ja alueiden hyddyntdmisasteissa on huomattavia eroja: Tenojoen paduoman
hyddyntdmisaste on paljon alhaisempi alajuoksun sivuhaaroissa kuin ylempéna jokivesistossa
sijaitsevissa sivuhaaroissa. Siksi pitkdaikainen seuranta tulee jakaa maantieteellisesti Tenojoen
vesiston ala-, keski- ja yldosien seurantaan.

TyOryhma suosittaa voimakkaasti foorumeiden etsimistd, jotka mahdollistavat paikallisen
ympadristotiedon viestittdmisen tyéryhmalle ja tieteellisen tiedon levittdmisen paikallisyhteisdihin
helposti ymmarrettavalla tavalla.

Talla hetkelld useimmissa Tenojokea koskevissa tutkimus- ja seurantatoimissa puuttuu pitkén
aikavalin ennustettavuus, minka vuoksi toimintoja voidaan suunnitella vain 1-2 vuodeksi eteenpdin.
Siksi tyoryhma suosittaa voimakkaasti pysyvan norjalais-suomalaisen Tenojoen tutkimus- ja
seurantaohjelman kéynnistamistad. Tama ohjelma ja sen yksityiskohdat tulee maaritella sitovalla
tavalla uudessa ndiden kahden maan vélisessa kalastussopimuksessa.

Lyhyen aikavalin tutkimus- ja seurantasuositukset vuodeksi 2012

Ty6ryhma suosittaa, ettd vuonna 2012 p&épaino on seuraavissa asioissa, padosin seuraten vuoden
2011 prioriteetteja: saalistilastot, saalisotanta, geneettinen kantaosuusanalyysi pdauoman
sekakantakalastuksessa, videolaskenta Utsjoessa ja Laksjohkassa, taysikasvuisten lohien akustisen
laskennan edelleen kehittdminen KaraSjohkassa ja/tai Maskejohkassa ja poikasseuranta.

Tutkimustarpeet

Kannanarvioinnit perustuvat nykyaan kututavoitteisiin. Talla hetkella kéyttokelpoiset kututavoitteet
on madritelty vain kuudelle Norjanpuoleiselle sivuhaaralle, mika merkitsee, ett4 suuresta osasta
jokivesistda kannanarviointi puuttuu. T&std aiheutuvat seuraavat tutkimustarpeet:

1) Tenojoen paduomalle, Inarijoelle ja Suomenpuoleisille sivuhaaroille on asetettava
kayttokelpoiset kututavoitteet.

2) Tarvitaan menettely kututavoitteiden arvioimiseksi alueilla, joilla harjoitetaan
sekakantakalastusta.





