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1. Introduction

The River Laksjokka is a medium-sized tributary of the large River Tana and it connects to the River Tana mainstem from the Norwegian side c. 80 km upstream from the sea. The River Laksjokka supports a genetically unique salmon population. The salmon population is mainly dominated by one-sea-winter (1SW) salmon, but a small proportion of 2SW and repeat spawning salmon are also ascending annually. A fish ladder has been built in 1970-s to a waterfall situated c. 9 km upstream from the river mouth to enhance the salmon migration to headwater spawning areas. The river Laksjokka is a popular site for recreational salmon fisheries. 
The salmon population of the River Laksjokka is normally monitored by collecting catch data from the fishermen fishing in the river. Although catch data is a valuable monitoring approach and may provide information about annual variations in population size, it however, is rather restricted for management purposes. Catch data combined with the knowledge of salmon actually ascending the river would give better opportunities for plausible fisheries management and salmon conservation.  
In 2009 Finnish Game and Fisheries Research Institute (FGFRI) and Fylkesmannen I Finnmark (FF) decided to start collecting data on the numbers of salmon ascending to the River Laksjokka by using underwater video monitoring. The video monitoring and analysis of collected videodata was conducted by FGFRI. FGFRI also provided the video equipment, whereas FF funded major proportion of the working costs. 

This working report presents shortly the most important results obtained from the River Laksjokka video monitoring in 2009. 

2. Methods

Four underwater cameras (Camera: Watec, WAT-902 DM 2S, housing: custom made by Lamberg Bio-Marin) with 3.5 mm wide angle lenses were installed c. 100 m upstream from the river mouth of Laksjokka. The cameras were installed to a line 90o against the current and anchored c. 20 cm above the river bottom by using 15 kg weighing pedestals (see opening page photo). The monitoring site (natural width 18 m) was narrowed from both river banks by using guiding fences (Fig. 1). Thus the camera system covered totally the area (width 8.2 m) where fish had to swim when passing the monitoring site (Fig.1).
The videodata was recorded to 500 GB hard disks by using SANYO DSR-300 digital video recorder. The data was saved at enhanced quality with a recording rate of 3.13 or 5.00 fields/second (5.00 fields/second used during smolt migration period). Artificial illumination (4 underwater halogen lights) was used at the video monitoring site after 10th of August to be able to record data during the darkening nights.
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Figure 1. The installation of underwater cameras (arrows 1-4), halogen lights (arrows 1-4) and guiding fences (dotted area) at the video monitoring site (width 18 m) of the River Laksjokka in 2009.  The depth is indicated on the left side of the figure.
The video monitoring was started at 26th May, just before the spring flood started to rise heavily. Monitoring was continued until the end of August. The time window covered efficiently the period of the migration of both adult salmon and smolts. 
The collected videodata was analysed during autumn-winter 2009-2010 by experienced staff at the River Tenojoki Fisheries Research station in Utsjoki (FGFRI). 
3. Results
3.1. Adult salmon

During the period 26.5.-30.6. the videocameras were installed at a lower end of a pool. This was later observed to be unsuitable placement for the cameras, as salmon were swimming back and forth in the pool. This movement significantly confounded the video monitoring, as for example a single fish could move 20 times upstream and 20 times downstream in the cameras (see e.g. Fig. 2). The camera system was moved c. 10 m downstream at 30th June (to a fast flowing glide) and thereafter the “back and forth movement” problem was significantly reduced (Fig. 2). 

In total 1389 salmon passed the video monitoring site upstream and 802 passed the site downstream during the monitoring period (Fig. 2). Thus, the net amount of salmon ascending the River Laksjokka was only 587 individuals.
Based on the net amount of salmon ascending (587) the River Laksjokka and the catch data (194 salmon caught) obtained from the Fylkesmannen I Finnmark, the in-river exploitation rate of the Laksjokka salmon population was 33 % in 2009. Without natural mortality taken into account the spawning population size of the River Laksjokka was <400 individuals in 2009. 
Most of the salmon observed in the video monitoring were clearly 1SW fish. Because of the rather small differences in lengths of 1SW and 2SW salmon in this river and the large-scale back and forth movement, it was not, however, possible to reliably estimate the sizes of fish ascending to Laksjokka. Based on the catch data 90.7 % of fish caught were 1SW (salmon <3 kg) salmon and 9.3 % were 2SW (salmon 3-7 kg) salmon. If using this sea-age distribution, it is estimated that out 587 salmon observed in video monitoring 533 and 54 fish were 1SW and 2SW salmon, respectively. 
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Figure 2. Daily numbers of salmon observed in the River Laksjokka videomonitoring during the time period 26.5.-31.8.2009. Positive numbers indicate salmon passing the monitoring site upstream and negative numbers salmon passing the site downstream. 
The first upstream migrating salmon was observed at 31st May (Fig. 3). However, the migration activated significantly only after 8th June (Fig. 2). The peak migration period was the latter half of June. Excluding some single days, the salmon migration was active up to mid-July where after the migration activity was significantly decreased (Fig. 3). As observed in the River Utsjoki video monitoring during 2002-2009, the migration activity of salmon in August was extremely low also in the River Laksjokka (Fig. 3). 
3.2. Smolts
First salmon smolt was observed descending past the monitoring site on 8th June. The migration activated significantly during the last week of June and the peak migration day was 1st July with 233 individuals counted. The smolt migration period was practically finished after mid-July (Fig. 4). Most of the smolts observed descended as solitary individuals or in very small schools (normally < 5 fish). The largest smolt school included 35 individuals. In total, only 1682 smolts were counted during the whole study period (Fig. 4). 
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Figure 3. Daily total numbers of salmon observed in the River Laksjokka videomonitoring during the time period 26.5.-31.8. 2009. Daily total numbers are counted as follows: daily upstream counts minus daily downstream counts.  During some days the downstream counts were larger than the upstream counts, and thus negative daily total values are possible. 
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Figure 4. Daily numbers of salmon smolts observed descending in the River Laksjokka videomonitoring during the time period 26.5.-31.8.2009.

4. Conclusions
4.1. Adult salmon
Adult salmon entered the River Laksjokka rather early in the season and the migration activity significantly decreased after Mid-July. The same phenomenon has been observed in the long-term video monitoring in the River Utsjoki during 2002-2009. Thus, it seems that salmon ascend from the Tana mainstem without major pauses in the confluence area of Laksjokka and Tana. The lower part of the River Laksjokka is, however, challenging for salmon as several small waterfalls and cascades hinder the migration. A large number of salmon may accumulate to the pools below the waterfalls and cascades making them vulnerable for fisheries. 
The number of adult salmon (587) ascending the River Laksjokka in 2009 was lower than expected bearing in mind the results obtained earlier (2002-2009) from the River Utsjoki (3836 individuals in 2009) and the rather large area suitable for adult salmon in the River Laksjokka mainstem and in its tributaries. It is, however, not known how actively salmon uses the headwaters of Laksjokka above the fish ladder situated c. 9 km upstream from the river mouth. An electrofishing study throughout the headwaters could give insights to this and could perhaps partly explain the low numbers of fish ascending the River Laksjokka. 
The estimated fishing exploitation (33 %) was rather high when considering that an only rod and line fishery is employed in this river system. The high exploitation rate indicates that salmon accumulate below waterfalls and cascades and are vulnerable to exploitation in these bottleneck areas for extended periods. 
4.2. Smolts
Laksjokka smolt migration was active from mid-June to Mid-July, which is the normal smolt migration window also in the River Utsjoki. In contrast to Utsjoki, the smolts of Laksjokka migrated mostly as solitary individuals or in very small schools. In Utsjoki, the school sizes are significantly larger and schools with >100 individuals are observed annually. 
Totally, only 1682 smolts were observed during the whole study period, whereas in the River Utsjoki c. 12500 smolts were counted at the same time. The total counts indicate that the smolt production of the River Laksjokka is rather low in relation to the potential production areas. It is, however, possible that a portion of pre-smolts descend to the River Tana mainstem already year earlier than they conduct their actual seaward migration. This kind of behaviour has been observed in some salmon rivers and this phenomenon could explain the very low smolt count in Laksjokka. 
Finally, the smolt numbers observed in the Laksjokka video monitoring are definitely minimum values, as a fraction of smolts (especially solitary individuals) may have passed without been counted. This was especially possible when the cameras were situated middle of the pool where adult salmon were migrating back and forth. At this time (26.5.-30.6.) small solitary descending smolts may have “escaped” the video analyser’s eyes. 
If the total smolt count is reliable and only limited amount of pre-smolts migrate to the Tana mainstem year before seaward migration, a rather poor 1SW salmon migration is expected in 2010.  
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