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1. Introduction

The River Teno (Tana in Norwegian) is located in northern Norway and northern Finland and it
runs via Tanafjord into the Barents Sea (Fig. 1). The river system (drainage area 16386 kmz) is one
of the most important Atlantic salmon, Salmo salar L., rivers in the world with annual in-river
catches of 60-250 t and more than 1200 km of rivers accessible to migrating adult salmon. The river
Teno system supports at least 20 genetically differentiated salmon populations in the main stem and
in its tributaries (Véha et al., 2007, 2008). The salmon production is entirely dependent on natural
reproduction; release of reared fish and eggs is forbidden.

The salmon stocks of the River Teno system are monitored annually by the Finnish Game and
Fisheries Research Institute (FGFRI) in close co-operation with Norwegian institutions and
authorities. The long-term monitoring programmes includes estimation of the salmon catch,
electrofishing for assessment of salmon parr densities in nursery habitats, and collection of adult
salmon scale samples to determine the sea-age distribution and growth of salmon and their origin
(wild/reared). Spatial coverage of the annual monitoring programme is rather wide, including the
Teno mainstem and two large tributaries (Inarijoki and Utsjoki, Fig. 1). However, in this large river
system, considerable portion of the salmon production area has not been monitored intensively
during the last decades.

In recent years concerns has arisen about the status of the salmon populations in the headwater
rivers of the River Teno, especially in the rivers Karasjoki (Karasjok, Kéragjohka) and Jiesjoki
(Ie$jok, Ie§johka) (Fig. 1). These rivers constitute about one third of the whole River Teno
watershed (drainage area 5019 km?) and are historically known to be important spawning areas for
multi-sea-winter salmon (MSW, 2-5 sea-winters, large salmon). In 2006, Fylkesmannen i Finnmark
and FGFRI agreed to start collection of information from the rivers Karasjoki and Jiesjoki with an
aim to update the knowledge about the status of salmon stocks in these rivers by examining the
juvenile salmon densities by electrofishing. Results from the years 2006 and 2007 have been
summarized in an earlier report (Orell et al. 2008).

This report presents results from the electrofishing surveys conducted in Karasjoki and Jiesjoki in
2009 in relation to the earlier information (2006-2007). Corresponding information from the
mainstem Teno and its tributaries Utsjoki and Inarijoki (Fig. 1), as well as data from the River
Naatamojoki (Neidenelva), are also presented for comparison. In addition, we report results of a
meso-scale habitat survey of the River Karasjoki. Finally, earlier established microhabitat
preference model for depth, water velocity, and substrate size was used to assess the habitat-parr
density —relationship among the eleetrofishing sampling sites in the rivers Karasjoki and Jiesjoki.
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Figure 1. Map of the River Teno system including the rivers where electrofishing studies were carried out in
2006-2009.

2. Materials and methods

2.1. Electrofishing

The electrofishing surveys were conducted by a three-person group with generator-powered
equipment (Hans Grassl GmbH, ELT 60II GI) using pulsed direct current (700-900 V, 0.2 A). In
each study site one member of the fishing crew used the anode and two persons collected the
stunned fish with dipnets (Fig. 2). All electrofishing sites were fished by one removal sampling to
enable larger number and wider coverage of sampling sites compared to the traditional three pass
method. The salmon densities are therefore expressed as catches of juveniles on one pass/100 m?.
Electrofishing sites were selected to represent running water habitats, different types of rapids and
glides, in an approximately same proportion as they are found in the river systems. The
electrofishing surveys of all study sites were conducted during August-early October.



As in 2007 the River Karasjoki electrofishing sites (n=18, sites 12-29) in 2009 were distributed
between Bavtajoki rivermouth (upstream) and Suolggasavu (downstream). In 2006, the survey was
started farther upstream from Vuottasluoppal and a total of 29 sites were electrofished (Appendix
1). In the River Bavtajoki, a tributary of Karasjoki, 14 sites were sampled in 2007.

In the River Jiesjoki, 12 electrofishing sites (sites 1-12) were sampled between Lake Suosjérvi and

the Jiesjoki/Karasjoki confluence in 2006-2007 and 2009 (Appendix 2). In 2007, additional 15 sites
were sampled above the Lake Suosjavri and 4 additional sites below the Lake Suosjirvi (Appendix

2).
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iéhre 2. Electrofishing team and a typical 0+ salmon habitat in the lower part of the River Karasjoki,
electrofishing site 25. Photo: J. Kuusela.

2.2, Habitat mapping and measurements

2.2.1. Meso-scale habitat mapping

A meso-scale habitat classification was conducted in the river Karasjoki. The area surveyed started
above the Vuottasluoppal Lake and continued c. 1.5 km downstream from the electrofishing site 29
(see appendix 1). Five different habitat types were used in these habitat surveys including rapid,
glide, pool, flowing pool and lake (Appendix 3). The data on habitat types were collected in the
field by canoeing downstream the river and taking GPS-positions at the upstream starting point of
each individual habitat area. This information was then transported to a base map in ArcView
software (version 9.2) and different habitat areas (polygons) were created by using the collected
GPS data and the base map. Surface areas for each habitat were calculated using the ArcView.



Maps including the surveyed mesohabitats and the electrofishing sites were produced (see appendix
4).

In the River Jiesjoki only rapid areas were classified above the Lake Suosjérvi using the method
described above and maps including the rapids and electrofishing sites were produced (see appendix
5). Surface areas of different habitat types (rapid, glide, pool and lake) for the whole Jiesjoki system
are also presented, but they are based on an earlier habitat survey conducted by Jorma Mattson in
the mid-1990-s (Mattson 1997). Therefore the surface areas are not fully comparable to those of the
River Karasjoki.

2.2.2. Habitat characteristics at the electrofishing sites
Habitat preference criteria (preference indices for water depth, flow velocity and substrate size, Fig.

3), developed by Miki-Petiys et al. (2002), were used to conduct a preliminary assessment whether
the salmon parr (older than age 0+) densities parallel the habitat quality at the electrofishing sites.
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Figure 3. Generalized habitat suitability criteria for depth, mean water velocity and substrate size for salmon
parr. Modified from Miiki-Petiys et al. (2002).

Habitat characteristics were measured at 8 and 27 electrofishing sites in rivers Jiesjoki and
Karasjoki, respectively. At these sites, depth, water velocity, and substrate size were measured or
estimated along four equidistant transects, which included three measurement points: one meter
from the shoreline, at the outer border of sampling site (typically 5-10 m from the shore), and in the
middle between the two other points, resulting in a total 12 measurement points per site. Water
depth was measured to nearest cm, and flow velocities were measured at 0.6 x depth with a
Schiltknecht MiniAir 2 flow meter (Schiltknecht Messtechnik AG, Gossau, Switzerland) fitted with
a 20-mm propeller. Substrate class proportions were estimated on a % m? circular area using a 28
cm radius (a piece of string) around the shaft of the current meter. Substrate size was classified to
10 classes by a modified Wentworth scale (1=Organic, 2=0-0.5 mm, 3=0.5-2 mm, 4=2—-16 mm,
5=16-60 mm, 6=60-130 mm, 7=130-250 mm, 8=250-500mm, 9= >500mm and 10=bedrock). The
proportion of every substrate size class was estimated for each measurement point and the median
particle size value per site was calculated from cumulative percentage distribution of classes 1-10
by interpolation.




2.3. Habitat data analysis

Values of habitat measurements were (i) converted to a range of 0.0-1.0 (0.0 unsuitable, 1.0 optimal
habitat for fish) using the general preference indices for juvenile Atlantic salmon (ages >0+), as
presented by Maki-Petdys et al. (2002), (ii) weighted by its representative area in relation to the
whole site, and (iii) added up to gain weighted usable area (WUA) per 100 m? for each
electrofishing site. WUA was calculated for substrate, because this variable is more stable and
independent on seasonal variation compared to depth and flow, and it has also been shown in earlier
studies that substrate has often sufficient and the highest ability in predicting juvenile salmonid
abundance (e.g. Miki-Petiys et al. 1999). However, the suitability of fish habitat is commonly
evaluated by WUA estimates based on composite preference indices (e.g., the composite index of
depth, water velocity and substrate, see Mathur et al. 1985). Therefore, we also calculated the
geometric mean of the suitability index of depth, velocity, and substrate, to form composite WUA
for these variables.

3. Results

3.2. Juvenile densities
3.2.1. Karasjoki

In the River Karasjoki salmon fry (0+) were found from 16 out of 18 sites in 2009 (Fig. 4). The fry
density peaked in sites 12-14 at upper part of the study area and again in sites 26-29 in the lower
part of the study reach. Poor fry densities were observed in the sites 15-20, the same phenomenon
was evident in 2006-2007 also (Fig. 4). The mean fry density of sites 12-29 was slightly larger
(18.4 individuals/100 m2) compared to years 2006-2007 (14.3-15.9 individuals/100 m?, Table D).
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Figure 4. The densities (individuals/100 m?, one pass electrofishing) of salmon fry (0+) in the River Karasjoki
electrofishing sites in 2006-2007 and in 2009. The numbering of the electrofishing sites starts from the upstream
end of the study section. Only sites 12-29 were electrofished in all three years.

Salmon parr (>0+) were found from all the electrofishing sites (12-29) in 2009, and their density
varied between 5.7 and 44.3 individuals/100 m? (Fig. 5). The density of parr peaked at sites 12-13,




17, 21 and 24. The mean parr density of sites 12-29 (21.9 individuals/100 m?) was at the level
observed in 2006 and somewhat higher than in 2007 (Table I).

In the River Bavtajoki, a tributary of Karasjoki, high density of salmon fry was observed in 2007
(Table I, Fig. 6). The density of parr was in line with the densities observed in the main stem
Karasjoki in 2006-2009 (Table I, Fig. 6).

Table 1. Mean densities of salmon fry (0+) and parr (>0+) in the rivers Karasjoki (sites 12-29), Jiesjoki (sites 1-
12) and Bavtajoki (sites 1-14) in 2006-2007 and 2009. The mean densities are based on catches of salmon
juveniles on one electrofishing pass/100 m®.

Karasjoki Jiesjoki Bavtajoki
Year 0+ >0+ 0+ >0+ 0+ >0+
2006 14.3 225 8.3 21.3
2007 13.5 15.9 5.9 19.6 36.4 17.5
2009 18.4 219 5.2 9.6
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Figure 5. The densities (individuals/100 m?, one pass electrofishing) of salmon parr (>0+) in the River Karasjoki
electrofishing sites in 2006-2007 and in 2009. The numbering of the electrofishing sites starts from the upstream
end of the study section. Only sites 12-29 were electrofished in all three years.
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Figure 6. The densities (individuals/100 m’, one pass electrofishing) of salmon fry (0+) and parr (>0+) in the
River Bavtajoki in 2007. The numbering of the electrofishing sites starts from the upstream end of the study
section. Note the density scale on the y-axis that is different from other figures.

3.2.2. Jiesjoki

In the River Jiesjoki salmon fry were found from 9 out of 12 sites and the densities were generally
very low in 2009 (Fig. 7). Only one notable peak in fry density was observed, at site 10. Sites
without a single fry caught (5-6 and 12) were the same as in 2006-2007 (Fig. 7). The mean fry
density in 2009 (5.2/100 m?) was somewhat lower than in 2006-2007 (5.9-8.3 individuals/100 m?,
Table I).
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Figure 7. The densities (individuals/100 m’, one pass electrofishing) of salmon fry (0+) in the River Jiesjoki
electrofishing sites in 2006-2007 and in 2009. Sites 31-14 above the Lake Suosjiirvi were fished only in 2007. Sites
1-12 below Lake Suosjérvi were electrofished in all three years. Sites 13-20 were electrofished only in 2007.



As in the River Karasjoki, salmon parr were present in all electrofishing sites (sites 1-12) of the
River Jiesjoki in 2009 (Fig. 8). Peaks in parr density observed in 2006-2007 (e.g. sites 2, 4 and 11)
were not observed in 2009. The mean parr density in 2009, 9.6 individuals/100 m?, was
considerably lower that in 2006-2007 (Table I).

Above the Lake Suosjdrvi (sites on the left half of the figure, 31-14), no salmon fry were found in a
survey that was conducted in 2007 (Fig. 7). Salmon parr were found from six sites, but the densities
were very low (Figs. 8-9).
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Figure 8. The densities (individuals/100 m?, one pass electrofishing) of salmon parr (>0+) in the River Jiesjoki
electrofishing sites in 2006-2007 and in 2009. Sites 31-14 above the Lake Suosjirvi were fished only in 2007. Sites
1-12 below Lake Suosjiirvi were electrofished in all three years. Sites 13-20 were electrofished only in 2007.

3.3. Density levels as compared to other rivers

The mean density of salmon fry (0+) observed in the River Karasjoki in 2009 was significantly
lower than those in other parts of the River Teno (Teno, Utsjoki and Inarijoki) in the same year, but
on the other hand, higher than those observed in the River Naitimojoki system (Table II). The
mean fry density in Karasjoki was also higher or at the same level than the long-term (1979-2009)
mean densities observed in different parts of the River Teno (Table III, see also figs. 10-12).

In 2009 the River Jiesjoki salmon fry mean density was extremely low compared to other parts of
the River Teno or the River Néitdmojoki (Table IT). The observed mean fry density of the River
Jiesjoki was among the lowermost mean densities ever observed in the River Teno system (Figs.
10-12) and also significantly lower than the long-term mean fry densities of the River Teno system
(Table III).

Salmon parr (>0+) mean density of the River Karasjoki was comparable to the other parts of the
River Teno system in 2009 (Table II). Mean density of the Karasjoki parr was also higher than the
long-term mean densities observed in the rivers Tenojoki, Utsjoki and Inarijoki (Table III).

The mean parr density observed in the River Jiesjoki in 2009 was roughly halved compared to the
earlier study years (2006-2007, see Table I) and it was clearly the lowermost when compared to
other parts of the River Teno or to the River Naitimdojoki in 2009 (Table II).
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Figure 9. Good salmon juvenile habitat in the River Jiesjoki, few kilometers upstream fm the Lake Suosjirvi.
Upstream from the lake, no salmon fry were found and the parr densities were extremely low. Photo: J.
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Table II. Number of electrofishing sites, mean densities and standard deviations of 0+, >+0 and total salmon
juveniles in the rivers Karasjoki (sites 12-29), Jiesjoki (sites 1-12), Tenojoki, Inarijoki, Utsjoki, Niatamdjoki
Finnish side (F) and Niitimojoki Norwegian side (N) in 2009. The mean densities are based on catches of
salmon juveniles on one electrofishing pass/100 m’,

River n-sites 0+ Std. >0+ Std. Total Std.
Karasjoki 18 18.4 13.0 219 12.3 40.3 18.6
Jiesjoki 12 5.2 6.0 9.6 6.1 14.8 7.0
Tenojoki 32 32.0 36.5 17.4 10.6 49.4 34.8
Inarijoki 10 35.9 62.1 27.3 16.1 63.2 64.5
Utsjoki 12 28.6 27.8 15.1 1.9 437 29.2
Naatamajoki (F) 17 12.7 155 15.6 14.6 28.2 27.9
Naatamajoki (N) 13 9.1 7.2 435 16.4 52.6 19.6

Table III. Long-term (1979-2009) mean densities of 0+, >0+ and all salmon juveniles in the rivers Tenojoki,

Utzsjoki and Inarijoki, The mean densities are based on catches of salmon juveniles on one electrofishing pass/100
m'.

River
Mean density Tenojoki  Utsjoki Inarijoki
0+ 14,1 20,0 15,7
>0+ 11,5 17.8 16,4

All : 25,6 37,8 32,1
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Figure 10. The mean densities of 0+ (fry), >0+ (parr) and all salmon Juvemles in the River Teno electrofishing
sites in 1979-2009. The densities are expressed as individuals/100 m” on one pass electrofishing.
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Figure 11. The mean densities of 0+ (fry), >0+ and all salmon juveniles in the River Utsjoki electrofishing sites in
1979-2009. The densities are expressed as individuals/100 m’ on one pass electrofishing.
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Figure 12. The mean densities of 0+ (fry), >0+ and all salmon Juvemles in the River Inarijoki electrofishing sites
in 1979-2009. The densities are expressed as individuals/100 m’ on one pass electrofishing.



3.4. Habitats vs. densities

There was larger variation in habitat quality for juvenile salmon among electrofishing sites when
the habitat quality was based on the composite WUA compared to the case when substrate only was
used (Fig. 13 a, b),. Habitat quality at the electrofishing sites of the upper part of the Jiesjoki
appeared to be at least comparable to that of the Karasjoki sites. However, juvenile salmon densities
in the upper Jiesjoki were markedly lower compared to the general level in Karasjoki (Fig. 13). In
many sites, the observed fish abundance was not closely linked with the habitat quality, and
deviations both to the directions of higher and lower than expected were observed.
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Figure 13. Salmon parr densities (lines) in relation to the amount of suitable habitat at the electrofishing sites
indicated by weighted usable area (WUA; bars) for substrate alone (a) and by a composite value of depth,
velocity and substrate (b) in electrofishing sites of the rivers Jiesjoki and Karasjoki. Densities of parr in 2006,
2007, and 2009 for sites 12-29 in river Karasjoki, are demonstrated as an overall average + SE (a), and years
separately by using blue, red, and green iines, respectively (b).



3.5. Meso-scale habitat mapping

The meso-scale habitat data from the River Karasjoki are shown in Appendix 3 and presented in
maps in Appendix 4. In total 241 separate habitat areas were defined from the surveyed river
section with a total surface area of 344 hectares (Table IV). The most frequently found habitat types
were rapids and pools, together comprising > 60 % of the total surface area of the surveyed river
section (Table IV).

Table IV. The occurrence (number of areas, hectares, %) of different mesohabitat types in the River Karasjoki.
For more information, see appendices 3-4.

Habitat type Number of areas Total area (ha) %
Rapid 92 109 31,5
Glide 47 26 7.6
Flowing pool 60 43 12,4
Pool 34 104 30,2
Lake 8 63 18,3
Total 241 344 100,0

The maps presenting the rapid areas and electrofishing sites of the River Jiesjoki above the Lake
Suosjérvi are presented in Appendix 5. In total, the surface area of the rapids above the Lake
Suosjéirvi was estimated at 42.1 hectares.

The surface area of different habitat types in the whole Jiesjoki river system is presented in Table V.
This information is based on an earlier survey conducted in 1990s (Mattson 1997) and may not be
fully comparable with the data collected from the River Karasjoki in 2006.

Table V. The occurrence (surface area, hectares and pecentages) of different mesohabitat types in the the River
Jiesjoki above the Lake Suosjiirvi (AS) and below the Lake Suosjéirvi (BS). The Jiesjoki (AS) component
includes also the surface area of the Lake Suosjiirvi. Data compiled from Mattson (1997).

Habitat type  Jiesjoki (AS) = Jiesjoki (AS) % Jiesjoki (ES) Jiesjoki (BS) %

Rapid 42 4,6 107 27,5
Glide 19 2,1 54 13,9
Pool 98 10,7 123 31,6
Lake 754 82,6 105 27,0

Total 913 100,0 389 100,0




4. Conclusion and future recommendations

Despite the general agreement between the juvenile salmon abundance between Karasjoki-Jiesjoki
and other parts of the Teno, as well as Nidtdmdojoki, the year 2009 seems to be an exception. After a
relatively good year for MSW salmon runs in Teno, the 0+ densities in the Teno main stem and
Inarijoki were on a very high level, but this did not seem to be the case in Karasjoki system,
although the 0+ densities in 2009 were generally higher than in earlier years This is raising
questions about the possible differences in fishing mortality between different sub-populations
within the Teno system in 2009, or alternatively, indications towards a longer term development
that may explain the lack of such response in juvenile fish abundance in Karasjoki.

Catch statistics have indicated very low salmon catches in the Karasjoki over the recent years, but
the juvenile densities reflect relatively similar status as in some other parts of the Teno system. This
mismatch could potentially be explained by decreasing fishing effort and thus lower catches that
could still enable relatively good spawning stock, as indicated by the juvenile fish abundance.
However, this may nevertheless indicate a gradually declining total population size if the spawning
stock remains relatively unchanged but the catches dramatically decline. Another unknown factor is
whether the juvenile fish are progeny of 1SW or MSW salmon.

The extremely low fish densities in Jiesjoki in 2009 could partly be explained by an unfortunately
late sampling time (30.9.-2.10.). However, there have been relatively low densities in earlier years
too, but — on the other hand — it appears that the sampling programme has been especially
unsuccessful in covering spawning areas and 0+ habitats in a representative manner. Therefore,
additional sampling areas from 0+ fish habitats should be added to the monitoring programme.
No 0+ salmon were detected in 2007 in the upper part of the Jiesjoki, above the lake Suosjérvi,
which is another worrying factor that suggests low spawning population in this system.

We recommend continuation of the juvenile monitoring programme in Karasjoki-Jiesjoki, and
further establishment of a permanent monitoring programme, including both counts of ascending
and/or spawning salmon (e.g. fish counters and snorkelling surveys), and monitoring of juvenile
salmon densities.

The main branches of the River Karasjoki system, Karasjoki and Jiesjoki, include considerable
areas of classical, running-water habitats (rapids and glides) for juvenile Atlantic salmon
production, in addition to pools and lakes that could also play a role during the juvenile phases (e.g.
Erkinaro et al. 1998). When the habitat quality was assessed on a smaller scale, at the electrofishing
sites, there was a considerable mismatch between the WUA value and the observed fish abundance.
In some cases, it appeared that there were more salmon parr than the WUA value would have
predicted for the site. For example, at sites 13 and 14 in 2009, the parr densities were considerable
high, although the habitat was more suitable for salmon fry (0+), and the parr densities in other
years were markedly less than in 2009. In 2009, the water level was much higher than in earlier
years and therefore the composite WUA values for these sites would have been higher for older parr
if they were estimated in 2009, and thus the match between habitat value and fish abundance would
have been better. This demonstrates the sensitivity of the composite value, as a consequence of
variation in flow and water level, compared to the substrate-based WUA. Nevertheless, it is obvious
that many areas with high habitat quality show less-than-expected juvenile salmon densities,
especially in the River Jiesjoki.

Habitat survey should be conducted also in the River Jiesjoki in a comparable manner with the
Karasjoki survey, to enable appropriate comparison. However, the estimation of the rapid areas
above the Lake Suosjavri resulted in a similar estimate with the earlier survey by Mattsson (1997),
suggesting little deviation between the methods. In addition, future analyses should be expanded
towards comparisons between different rivers by utilizing similar habitat measurements and fish



data from electrofishing sites in the Teno mainstem, Utsjoki, Inarijoki and Nédtdmojoki (see
Erkinaro et al. 2004). In addition, habitat measurements at the electrofishing sites, similar to those
carried out in Karasjoki and upper parts of the Jiesjoki, should be conducted in the lower part of the
Jiesjoki as well.

5. References

Erkinaro, J., Niemeld, E., Saari, A., Shustov, Yu., and Jergensen, L. 1998. Timing of habitat shift
by Atlantic salmon parr from fluvial to lacustrine habitat: analysis of age distribution, growth and
scale characteristics. Can. J. Fish. Aquat. Sci. 55: 2266-2273.

Erkinaro, J., Niemeld, E., Julkunen, M. and Miki-Petéys, A. 2004. The use of habitat models in
defining reference levels for juvenile Atlantic salmon abundance. In: Niemel4, E. Variation in the
yearly and seasonal abundance of juvenile Atlantic salmon in a long-term monitoring programme.
Methodology, status of stocks and reference points. PhD thesis, Acta Universitatis Ouluensis A 415.

Mathur, D., Bason, W. H., Purdy, E. J., and Silver, C. A.. 1985. A critique of the instream flow
incremental methodology. Can. J. Fish. Aquat. Sci. 42:825-831.

Mattsson, J. 1997. The River Iesh of the Tana water system in northernmost Norway. A working
report.

Miki-Petiys, A., Muotka, T. and Huusko, A. 1999. Densities of juvenile brown trout (Saimo trutta)
in two subarctic rivers: assessing the predictive capability of habitat preference indices. Can. J. Fish.
Aquat. Sci. 56: 1420-1427.

Maiki-Petéys, A., Huusko, A., Erkinaro, J., and Muotka, T. 2002: Transferability of habitat
suitability criteria of juvenile Atlantic salmon (Salmo salar). Can. J. Fish. Aquat. Sci. 59: 218-228.

Orell, P., Erkinaro, J., Niemel4, E., Erkinaro, H., Kuusela, J., Kylméaho, M. and Méki-Petiys, A.
2008. Juvenile densities in the Norwegian tributaries of the River Teno in 2006-2007. Finnish
Game and Fisheries Research Institute, Working report. 14 pp + 16 app.

Vihi, J-P., Erkinaro, J., Niemel4, E. & Primmer, C. R. 2007. Life-history and habitat features
influence the within-river genetic structure of Atlantic salmon. Molecular Ecology 16: 2638-2654.

Vihi, J-P., Erkinaro, J., Niemeld, E. & Primmer, C. R. 2008. Temporally stable genetic structure
and low migration in an Atlantic salmon population complex: implications for conservation and
management. Evolutionary Applications 1: 137-154.



Appendix 1. Map of the electrofishing sites in the River Karasjoki. In 2006 all sites were electrofished; in 2007
and 2009 only sites 12-29,

Bavtajoki
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Appendix 3. Meso-scale habitat data from the River Karasjoki including area number, habitat code, habitat type,
Surface area (mz) and coordinates (X, Y) of the upstream starting point of each habitat area. The river was
classified to five different habitat types, including rapid (R), glide (G), pool (P), flowing pool (F) and lake (L).

Areanr Habitat code Habitattype Surface area (m?) X Y Comment
0 F Flowing pool 29309 389404 7666900
0 F Flowing pool 6389 389550 7667218
0 F Flowing pool 1345 389781 7667305
0 F Flowing pool 2932 392782 7669297
0 F Flowing pool 5759 392826 7669375
0 F Flowing pool 1321 392879 7669546
0 F Flowing pool 3891 392843 7669991
0 F Flowing pool 636 392891 7670099
0 F Flowing pool 697 392892 7670541
0 F Flowing pool 406 392883 7670576
0 F Flowing pool 18917 395454 7671613
0 F Flowing pool 2397 395885 7671433
0 F Flowing pool 5171 396125 7671457
0 F Flowing pool 2065 396258 7671502
0 F Flowing pool 3276 396398 7671727
0 F Flowing pool 3527 396438 7671856
0 F Flowing pool 1277 399378 7673000
0 F Flowing pool 1148 399556 7673158
0 F Flowing pool 1619 400041 7673302
0 F Flowing pool 2635 400785 7673207
0 F Flowing pool 4302 400889 7673226
0 F Flowing pool 4064 401056 7673166
0 F Flowing pool 2965 401386 7673215
0 F Flowing pool 3399 402214 7673057
0 F Flowing pool 3906 402243 7673193
0 F Flowing pool 2066 402291 7673116
0 F Flowing pool 1337 402413 7673288
0 F Flowing pool 2254 402408 7673370
0 F Flowing pool 1754 402477 7673372
0 F Flowing pool 16396 403311 7673801
0 F Flowing pool 23499 404151 7673802
0 F Flowing pool 3670 404566 7673775
0 F Flowing pool 32269 404891 7673826
0 F Flowing pool 6297 407908 7674777
0 F Flowing pool 18296 408115 7674842
0 F Flowing pool 1114 410746 7677441
0 F Flowing pool 691 410788 7677434
0 F Flowing pool 1647 410772 7677356
0 F Flowing pool 2310 411221 7677799
0 F Flowing pool 1786 411250 7677840
0 F Flowing pool 3340 411260 7677901
0 F Flowing pool 1129 411266 7677957
0 F Flowing pool 2593 411475 7678575
0 F Flowing pool 3454 411429 7679101
0 F Flowing pool 7708 411388 7679232
0 F Flowing pool 4316 411344 7679353
0 F Flowing pool 12554 411130 7680334
0 F Flowing pool 2181 411348 7680708
0 F Flowing pool 10185 412500 7683022
0 F Flowing pool 1841 412785 7683760
0 F Flowing pool 6992 412904 7684289
0 F Flowing pool 37530 415956 7690650
0 F Flowing pool 26077 420520 7689648
0 F Fiowing pool 2163 420575 7689793
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175 G Glide 9526 422634 7692295
176 R Rapid 23143 422820 7692351 Electrofishing site 28
177 P Pool 18784 423076 7692518
178 G Glide 19205 423259 7692702
179 R Rapid 17828 423436 7692829
180 G Glide 13895 423699 7692909
181 R Rapid 5889 423917 7693017
182 G Glide 3993 424009 7693095
183 R Rapid 7812 424078 7693159 Electrofishing site 29
184 G Glide 19579 424305 7693295
185 P Pool 14121 424497 7693455
187 R Rapid 10071 424657 7693513
188 P Pool 21851 425026 7693367

Appendix 4. The meso-scale habitat data illustrated in maps. The study reach was divided to 11 maps (habitat areas
1-11) for clarity of details. Single area numbers (area nr) are shown as well as the electrofishing sites
(number-+arrow, sites 1-29). The colour code for the different habitats is as follows:

rapid = red

glide = green

flowing pool = blue

pool = grey

lake = brown
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