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Abstract 
 
Spawning run of Atlantic salmon (Salmo salar) in to the River Karasjohka was counted 
with DIDSON sonar between 9th June and 31st August in 2010. Altogether 90 % of the 
total monitoring time was covered by soundings and there was only one longer 
period when the DIDSON was not an optimal position. The expanded fish 
escapement estimate through the counting site was 661 (±48) multi-sea-winter 
(MSW) salmon (length ≥ 67.5 cm) and 1016 (±51) upstream fish with a size of 50 – 
67.5 cm. Thus, the total escapement estimate through that site was 1677 (±56) fish in 
2010. Most of fish migrated upstream on the deepest part of the river. A sample 
variance estimator based on differences between counters led ±6 % and ±4 % (95 % 
confidence limits) for MSW salmon and grilse, respectively. According to video 
recordings, the proportion of salmon was 94 % in size category 50-65 cm and all fish 
longer than 65 cm were judged to be salmon. Sea-trout (Salmo trutta), whitefish 
(Coregonus lavaretus) and grayling (Thymallus thymallus) were other species, which 
were detected on site. 
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1 Introduction 
 
Reliable data on the number of salmon entering tributaries of the Tana River to spawn (escapement) 
is needed for developing a suitable fisheries management concerning the whole river system. 
Hydroacoustic methods are typically used to assess abundance in migrating fish populations when 
other methods are not feasible, e.g. the river is too wide for counting weirs or too turbid for visual 
observation. Moreover, sonar counts are usually the best choice compare to other salmonid 
escapement techniques (Parsons and Skalski 2010). Dual-frequency Identification Sonar (DIDSON) 
has been available on the market for some years and it has been proven to be a suitable equipment 
to observe and count migrating fish (Holmes et al. 2005, Cronkite et al. 2006, Enzenhofer et al. 
2010, Lilja et al. 2010). The DIDSON sounder produces underwater video image using sound. This 
means that it is not dependent on light or good visibility in order to function well. The quality of the 
images produced can also be very good, allowing observations of size and direction as well as 
behavior, images that can tell what is fish and what is not. The unit is very manageable in size, easy 
to handle and reliable in use. However, there are also limitations to this system that needs to be 
considered, especially when using it out in large rivers and over long periods of time. However, the 
DIDSON, like other sonars and echo-sounders have a detection probability function which depends 
on range. This is controlled by the underlying volume and signal to noise ratio functions, the first 
increasing and the second decreasing with range. It is thus, important to determine the part of the 
beam that has the best detection probability and avoid the other areas by applying guiding nets or 
applying alternative assessment methods for these areas. 
 
The River Tana is a large river, which flows between Norway and Finland. In the main stem of the 
Tana, the potential counting site for DIDSON was found in Tana bru, where the river bottom was 
quite uniform without large rocks or boulders obstructing of the acoustic beams. However, an 
optimal DIDSON operation in Tana bru requires at least two units and high initial costs. In 1997-
99, the split-beam echosounder was used to count ascending salmons in to the main stem of the 
Tana. The counting site was situated in Polmak, about 56 km from the river mouth. At the site the 
river is more than 130 m wide, and thereby requires also at least two DIDSON units to cover the 
whole river. 
 
The salmon stock of the River Karasjohka is supposed to be rather large including significant 
component of multi-sea-winter (MSW) Atlantic salmon. However, in recent year concerns have 
arisen about the status of Karasjohka salmon, but no reliable information on the spawning 
escapement is available from the system. In this study, we used a DIDSON unit with guiding nets in 
order to cover the entire river cross section. Auxiliary information such as video camera and catch 
data were used to support and confirm the DIDSON counts. The escapement estimate of salmon 
spawning run through the counting site was also produced.  
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2 Materials and methods  

2.1 Study site 
 
The subarctic River Tana flows between Norway and Finland and it is one of the largest (catchment 
area about 16 400 km2) and the most productive Atlantic salmon river of both countries, whereas 
the River Karasjohka is one of the most important tributary system of the River Tana with a 
catchment area of >5000 km2. In 2010, sites suitable for DIDSON monitoring were sought on the 
lower part of the River Karasjohka. At first, potential river sections were chosen from a map and 
on-site inspections were done at several places, basically almost all narrow passages were 
examined. The suitability of potential sites for DIDSON sounders was estimated using the criteria 
given by Enzenhofer and Cronkite (2000). Below the confluence of the rivers Karasjohka and 
Iesjohka, the river was too wide to monitor fish migrations with only one DIDSON unit. Thus, the 
site was sought above the confluence and a potential site was found in Heastánjarga area. This site 
is located approximately 5 km upstream from confluence of the rivers Karasjohka and Iesjohka 
(Fig. 1). The river is approximately 40 m in wetted width with a maximum depth of 1.5 m at the 
acoustic site (depending on water level). At the site, the bridge crosses over the river and the river 
bottom was quite uniform without large rocks or boulders that may interfere with the path of the 
acoustic beam or create turbulent flow. Generally, the success of DIDSON in counting upstream 
migrating salmons depends primarily on two basic prerequisites; 1) deployment of the system on a 
site that enables recording of representative and high-quality images, and 2) accurate and precise 
measurement of fish during the data post-processing.  
 
The River Karasjohka DIDSON site is situated in northern latitudes (69° 23’ 50” N, 25° 08’ 40” E), 
where the sun is above the horizon all day during the summer. At the beginning of the monitoring 
period, the second week of June, there were not sunset or sunrise at the site (Fig. 2). Thus, it was 
possible to use under water video camera in parallel with DIDSON and compare counts also during 
the night time. The first time the sunset occurred on 25th July, whereas the end of the study period 
the sun was already below the horizon more than 8 h 30 min. 
  



 

5 
 

 

 
Figure 1. A map of the River Tana watershed and the DIDSON site in the River Karasjohka. 
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Figure 2. The time of sunrise and sunset at the River Karasjohka area in 2010. The study period 
between dotted lines. 
 
 
The DIDSON system was deployed on an adjustable tripod on the east bank of the river 
approximately 10 m from shore and about 15 m upstream from a bridge across the river (Fig. 3). 
The sonar beams were aimed towards the middle channel and guiding nets were used on both shores 
to lead fish to the DIDSON view and prevent to fish swim too close to the sonar. The system was 
positioned so that the lens was approximately 40 cm below the water surface and the transducer was 
tried to aim at near -7° angle relative to the water surface and perpendicular to the shoreline and 
water flow. Using this aim, the upper edge of beams followed the water surface and the lower edge 
reached the bottom so the DIDSON beams ensonified the entire 17 m weir opening. 
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Figure 3. DIDSON site in the River Karasjohka, about 10 m upstream from the bridge across the 
river. DIDSON sounder was the east side (right) of the river and the video camera in the middle of 
the channel. The bottom profile measured on June-10, 2010. 
 
 
The bottom profile across the river was generated from DIDSON data according to protocol from 
Maxwell and Smith (2007). During the measurement of the bottom profile the DIDSON was 
deployed near shore and aimed perpendicular to the river current with the multiple beams 
positioned in the vertical plane so the sounder was turned 90° compared to normal data collection. 
The vertical beam opening was compressed from 14° to 1° using an optional concentration lens in 
order to receive less noise and accurate signal from the bottom. The bottom of the counting site was 
also inspected by diving (Fig. 4). The vertical boundaries of the beams were confirmed by 
observing the image from the substrate and also from images where a salmon size target was lifted 
from bottom to the surface, at various ranges from the DIDSON system (Fig. 5). 
 
Topside equipment such as laptop computers controlling the acoustic systems and the video camera 
were housed in a trailer, which was placed on the east shore of the river. All electronic components 
and the acoustic systems were powered by 220 V mains current and all valuable and sensitive 
equipment were secured against overvoltage using an uninterruptible power supply (UPS). 
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Figure 4. DIDSON tripod and guiding nets in the river Karasjohka. The bottom of the counting site 
was inspected by diving. 
 
 

 
Figure 5. An artificial target that was lifted from bottom to the surface in order to confirm vertical 
boundaries of the DIDSON beams. 
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2.2 DIDSON sounder 
 
Long range (LR) DIDSON acoustic imaging system was used at the counting site. As well as a 
standard version, the long range DIDSON is capable of utilizing two different frequencies (modes) 
for data collection. When operated at high frequency mode (HF = 1200 kHz), the maximum 
window length setting permitted is 20 m, although the start length can be set at up to 13 m which 
provides viewing out to a maximum of 33 m. If this distance is inadequate, switching to low 
frequency mode (LF = 700 kHz) will be necessary. When operated at LF, the window length setting 
can be increased to 40 or 80 m. In the River Karasjohka, DIDSON acoustic imaging system was 
used in high frequency mode (1.2 MHz) for data collection. In this mode the system utilises 
multiple sound beams focused through a moveable lens to produce near video quality images 
comprised of frames produced by 48 beams (Fig. 6). A frame (image) is constructed in sequence 
and consists of 4 sets of 12 beams fired simultaneously (Sound Metrics Corporation 2010). Each 
beam is 0.6° wide and together produce a nominal field of view 29° horizontally and 14° vertically. 
In order to build up a digital image, each beam was divided in 512 segments (sample) in 
longitudinal direction, and the image is constructed by echo-intensity values in the matrix of 48 by 
512 (Fig. 5). 
 
 

 
 
Figure 6. A schematic picture (from above) of a DIDSON frame (image) and a snapshot of the 
DIDSON screen where two salmon were swimming from right to left. 
 



 

10 
 

2.3 DIDSON data collection and analysis  

2.3.1 On-site data processing 
 
In 2010, DIDSON acoustic data were collected between 9th June to 31st August and total coverage 
was 90% of available sample time. There was only one longer period when the DIDSON was not an 
optimal position. The rainy weather on 22nd July caused a floodwater and the DIDSON unit was 
fallen over. It took about 5 days before the system was on the original position again. Otherwise, 
there were only a few short periods when the DIDSON did not operate caused by the problems in 
electricity supply. 
 
The DIDSON sounder was programmed to create new files (time and date stamped) beginning at 
the top of the hour. All data were recorded and post-processing of fish counts was made using 
Version 5.25 of the DIDSON operating system software (Sound Metrics Corporation 2009). 
DIDSON data was saved to external hard drives, creating two identical copies that were adequate 
for archiving and storage purposes.  
 
The display images used for upstream and downstream counts were analyzed using background 
subtraction. This subtraction removed the static portion of the acoustic image, showing only objects 
in motion. Removing the background allowed for easier fish detection. The following procedure 
was used to compile fish count and length measurements from DIDSON files: 

• Files were played back with the background subtraction. The play back frame rate depended 
on the original data collection frame rate but was usually 10 times faster than the original 
frame rate. 

• Once a fish was detected the file was paused (freeze-frame) and a box was drawn around the 
image to allow magnification of the image. 

• Frames which contained the fish image were stepped through one at a time until the clearest 
image was attained. 

• The Mark Fish option was enabled to provide a cursor with which the fish length could be 
measured, its range marked and then entered to a fish count file. 

• Play back was continued and the next fish was sought.  
 
Once the DIDSON-files were screened and fish were measured, two data sets were constructed; 1) 
all measured fish were collected into the same file (RAW-fish file), and 2) hourly passages for fish 
larger than 67.5 cm (MSW) as well as fish in length class 50 – 67.5 cm (grilse) were summed up 
(Hourly-fish file).  
 
 

2.3.2 Time expansion of the counting result 
 
Daily estimates were counted by summing the 24 hourly counts starting from midnight. Moreover, 
the daily numbers were summed up over the study period resulting the estimate of the total 
escapement. Salmon counts for unsampled time periods were expanded into the hourly counts. The 
following strategies were used for expanding counts across the unsampled time periods. First, when 
the sounder was not operating a whole hour but more than 6 min (10%) per hour, the hourly passage 
estimate was obtained by expanding the results over the unsampled time. Second, when one or more 
hours per day were missing, the estimate for a given hour ( ) was averaged from previous and next 
day counts made during the same hour. This method took into account a diurnal pattern of salmon 
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run through the counting site. Three, when the data of the whole day or days were missed, the 
estimate for given day ( ) was calculated as weighted mean from daily counts of a few days before 
and after the interpolated day. 
 
 

2.3.3 Inter person calibration and variance estimation 
 
Comparing DIDSON counts between observers is necessary for estimating observer error and is 
maintained as part of the standard approach to quality control (precision). In all 93 hours (files) 
were counted by two observers in 2010. Selected data set was picked up using a random sampling 
design by weighting the days when fish were observed (Appendix 1). Both Finnish and Norwegian 
observers analysed the data set and the fish numbers were compared.  
 
Three quantifiable sources of error were recognized in this monitoring design. First, the variance 
caused by interpolated hourly counts (Var( )), and second, the variance for counts that were 
estimated in situation when whole day was interpolated (Var( )). Third, the variance caused by 
counters (Var( ̂)). Owing to large amount of data compare to interpolated values, the variance 
estimators for Var( ) and Var( ) could be calculated using a measured variation between given 
counts (population variance). Var( ̂) was estimated (sample variance) from double-checked data 
(Wolter 1985). The estimate of variance for the total escapement estimate Var( ) was the sum of 
those variance components. 
 

 ∑ / 2 48   (1) 

 
 24 ∑ / 1    (2) 
 

 ̂ 1 ̂ /     (3) 

 
 ̂ ∑ 1 2 / 1     (4) 
 
 ̂     (5) 
 
where N is the total number of hours in the study period, nh is number of hours when data was 
interpolated, nd is number of interpolated days,  is daily average passage rate (fish/h),  is average 
passage rate of the study period (fish/h), ND is number of sampled days in the study period, fh is 
number of double-checked files (hours), c1 is the first counter and c2 is second counter. The square 
root of the resulting variance (standard deviation) is in numbers of fish for the total count and the 
95% confidence interval, which we report, is calculated by multiplying the standard deviation by ± 
1.96 for normally distributed data. 
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2.4 Auxiliary information supporting the monitoring 
 

2.4.1 Underwater video camera 
 
An underwater B/W -video camera (custom made by Lamberg Bio-Marin, Norway) with a 3.5 mm 
wide angle lens were installed to the DIDSON monitoring site 9.0 m apart from DIDSON unit (see 
Fig. 3). The camera was cable-connected to a digital video recorder (Sanyo, DSR-300P) and data 
was saved to 500 GB hard disks (Hitachi Dekstar, 500 GB IDE).   
 
Underwater video data was collected during 22nd June to 23rd July. The underwater camera covered 
c. 3.5 m wide area between 9.0 and 12.5 m within the DIDSON window (Fig. 3). Video data was 
saved to replaceable hard disks by using enhanced quality and saving 3.13 fields/second. The video 
data was analysed after the monitoring period in the River Tenojoki Fisheries Research Station by 
experienced staff.  
 
The most common resident species inhabiting the upper River Tana and also in the River 
Karasjohka include sea-trout (Salmo trutta), whitefish (Coregonus lavaretus) and grayling 
(Thymallus thymallus). It is uncommon for individuals from these species in the River Karasjohka 
to grow as large as Atlantic salmon, and thus, can be easily distinguished from salmon by length 
measurement. In addition, resident species often display a greater tendency to mill within the 
ensonified area, whereas, salmon typically display directed upstream migration. These 
characteristics assisted data observers in excluding majority of resident species from the DIDSON 
counts. The aim of the video monitoring was to get reference data for the DIDSON counts, i.e. to 
analyse the species composition of observed fish ≤ 65 cm in length, which could potentially include 
salmon, but also sea-trout, grayling and whitefish individuals.  
 
Analysis of the video data was based on the DIDSON fish data collected during the time-period of 
the video monitoring. All DIDSON fish ≤ 65 cm swimming between 9.0 and 12.5 m within the 
DIDSON window were checked from the video data. DIDSON fish with estimated lengths of >65 
cm was regarded as salmon and were not cross-checked from the video.   
 
Altogether there were 373 possible ≤ 65 cm fish to be checked from the videos. Out of these 305 
fish could actually be detected from video recordings of which 272 (89.2 %) could be identified to 
species.  
 
 

2.4.2 Catch data 
 
The biological catch data (scale data) has been collected by Fylkesmannen i Finnmark and LBT 
(Laksebreveiere i Tanavassdraget) organizations and the scale data analysis has been conducted by 
FGFRI (Finnish Game and Fisheries Research Institute). Length, sea-age, and sex were examined 
from caught salmon of the rivers Karasjohka and Iesjohka. Length distributions for females and 
males in are showed in figure 7. The length of grilse was typically between 50 and 67.5 cm, 
however, there could be a few number of small previous spawners in this size category. Two-sea-
winter (2 SW) salmon were typically between 67.5 to 87.5 cm long and 3 SW+ (three-sea-winter 
and older) salmon were longer than 87.5 cm. The length distributions of 2 SW and 3 SW+ age 
groups overlapped slightly. The length distribution of previous spawners was wide owing to 
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different age of fish. Consequently, there were many sizes of salmon in the river, which smoothed 
the length distribution of all measured salmon, which can be also seen on the length distribution of 
DIDSON data (see Fig. 12). 
 
The mean length of different age-group salmon was relative stabile through the migration seasons 
(Fig. 8). Grilse (1 SW) were slightly shorter on June than July both on males and females. 
According to catch data, the first grilse was caught on the latter half of June. The largest proportion 
of grilse and the big salmon (≥ 115 cm) were males (Fig. 9), however, the proportion of female was 
higher than males during June (Fig. 10). Females were also dominant in length groups between 75 
and 110 cm.  

 
 

Figure 7. Length distributions for females and males in the rivers Karasjohka and Iesjohka. Data is 
based on scale samples collected during 1996-2009. Source: FGFRI, River Tenojoki Fisheries 
Research Station. 
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Figure 8. Mean lengths of different aged salmon in the rivers Karasjohka and Iesjohka through the 
summer. Data is based on scale samples collected during 1996-2009. Source: FGFRI, River 
Tenojoki Fisheries Research Station. 
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Figure 9. Proportions of males and females within 5 cm length intervals in the rivers Karasjohka 
and Iesjohka in 1996-2009. Data is based on scale samples collected during 1996-2009. Source: 
FGFRI, River Tenojoki Fisheries Research Station. 
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Figure 10. Sex distributions of salmon (all sea- ages combined) caught in the fishery in the Rivers 
Karasjohka and Iesjohka through the summer. Data is based on scale samples collected during 
1996-2009. Source: FGFRI, River Tenojoki Fisheries Research Station. 
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3 Results and discussion 

3.1 Daily counts and escapement estimate 
 
The 2010 upstream migration was began before the DIDSON was installed into the river and 
finished on the end of August (Fig. 11). The daily escapement plot displays multi-modal run timing 
with a maximum daily net upstream escapement estimate of 71 fish on 9th July. The halfway point 
in the 2010 run, when 50% of the total estimate had passed the site, occurred on 13th July. During 
the study period in 2010, the expanded fish escapement estimate through the River Karasjohka 
counting site was 661 (±48) multi-sea-winter (MSW) salmon (length ≥ 67.5 cm) and 1016 (±51) 
one-sea-winter (1SW) salmon with a size of 50 – 67.5 cm. Thus, the total escapement estimate 
through that site was 1677 (±56) fish in 2010.  
 
 

 
Figure 11. Daily numbers of multi-sea-winter salmons (MSW) and grilse that passed the counting 
site in the River Karasjohka in 2010. The cumulative proportion of all net-upstream passages 
(MSW+Grilse) and the water temperature. Note: negative numbers mean that there were more 
downstream migrating fish than upstream migrating fish during that day. 
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3.2 Length distribution of fish 
 
According to the length distribution of DIDSON measurements, the highest numbers of upstream 
and downstream fish were in the length group of 65 cm (62.5 – 67.5 cm) (Fig. 12). This and two 
other high length groups were included in the grilse-size group, which was a dominant group of 
salmon in the River Karasjohka. The shape of the length distribution was mono-modal and it was 
difficult to distinguish different age-groups on that, except the grilse. The longest measured salmon 
was observed on 22nd June at 5:35 AM and its length was 124 cm. 
 
The grilse-sized fish were observed at the beginning of the monitoring period (second week of 
June) (Fig. 13) but based on the long-term catch data the first grilse were caught two weeks later 
(see Fig. 8). However, those grilse-size fish on the first half of June could also be sea-trout, which 
were observed to net by local fisherman just below the DIDSON site, or they could also be small 
previous spawners. The proportion of grilse increased and 3 SW+ decreased towards the end of the 
study period (Fig. 13). 
 
 

 
Figure 12. The length distribution of all measured upstream (above) and downstream (below) 
migrating fish in the River Karasjohka counting site during the DIDSON monitoring period. 
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Figure 13. Weekly proportions of upstream migrating grilse (50-67.5 cm), 2 SW salmon (67.5-87.5 
cm), and 3 SW + older salmon (>87.5 cm) in 2010. 
 
 

3.3 Migration route and time 
 
Spatial (horizontal distance from DIDSON) distribution of upstream moving fish showed that most 
fish were observed to swim upstream at 6-8 m and 10-15 m distance from the DIDSON (Fig. 14). 
However, the largest fish (3 SW+) had tendency to trawl in the deepest parts of the river. There 
were a small rise on the bottom profile at 9 m distance from sounder and all size of fish seemed to 
avoid that area during their upstream migration. 
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Figure 14. Spatial (horizontal distance from DIDSON) distribution of upstream moving grilse (50 – 
67.5 cm), 2 SW (67.5 – 87.5 cm), and 3 SW + older (>87.5 cm) salmon at the Karasjohka counting 
site. 
 
 
Diurnal migration pattern for salmon showed that there were migrating fish present at the site on all 
time of day (Fig. 15). In June, fish seemed to use mostly morning hours (02:00 – 08:00) for 
traveling. That was also typical in July but not so clear, especially for 3 SW+ salmon. In August, 
the 3 SW+ salmons passed the site typically on the night-time (dusk or dark), whereas grilse and 2 
SW salmon migrated also in the daytime. 
 

Range from DIDSON (m)

N
um

be
r 

of
 f

is
h

2 4 6 8 10 12 14 16 18 20

0

50

100

150

200

250

2 4 6 8 10 12 14 16 18 20

0

20

40

60

80

100

120

140

2 4 6 8 10 12 14 16 18 20

0

10

20

30

40

50

60

70

Grilse

2 SW

3 SW +



 

21 
 

 
Figure 15. Diurnal distribution of upstream migrating grilse (50-67.5 cm), 2 SW salmon (67.5-87.5 
cm), and 3 SW + older salmon (>87.5 cm) in June, July, and August 2010. 
 
 

3.4 Species composition based on the video surveillance 
 
Underwater video monitoring between 22nd June and 23rd July provided information on the species 
composition of DIDSON fish that were estimated to be ≤65 cm in length. Salmon was the dominant 
species with almost 91 % occurrence among observed ≤65 cm fish (Table 1).  
 
In size category of fish ≤50 cm the dominant species (31 %) was whitefish, Goregonus lavaretus, 
and the proportion of salmon was 23 % (Table 2). The number of fish observed in this size category 
was very low (n=13). 
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When analysing the species composition in size category 50-65 cm, the proportion of salmon was 
94 % (Table 3). Other species observed in this size category were trout (Salmo trutta), whitefish and 
grayling (Thymallus thymallus), but their proportion was rather low (Table 1). By using this species 
composition, the number of salmon ascending past the monitoring site in size category 50-67.5 cm 
during the entire DIDSON monitoring period (9.6.-31.8.) was 957 individuals. In addition, the 
number of trout, whitefish and grayling passing the monitoring site was 51, 4 and 4 individuals, 
respectively (in total 1016 fish, see “Daily counts”).  
 
 
Table 1. Video checked species composition of fish ≤65 cm swimming upstream between 9.0 and 
12.5 m in the DIDSON window in 22.6.-23.7. (n=272). 

 
 
 
Table 2. Video checked species composition of fish ≤50 cm swimming upstream between 9.0 and 
12.5 m in the DIDSON window in 22.6.-23.7. (n=13). 

 
 
 
Table 3. Video checked species composition of fish 50-65 cm swimming upstream between 9.0 
and 12.5 m in the DIDSON window in 22.6.-23.7. (n=259). 

 
 
 

3.5 Precision of estimates 
 
Precision refers to the repeatability of a count between different individuals for the same data file. 
According to our double checked file set, the variation between counters was relative low. The first 
counter measured 95 and 19 fish migrating upstream and downstream, respectively, where the 
second counter measured 98 upstream and 20 downstream fish (Appendix 1). However, owing to 
low number of fish per hour, the percent error could be high. Example, if the first counter has 
observed 2 upstream fish and the second counter have missed one, the average percent error (APE) 
as was calculated by Holmes et. al (2006) will be as high as 33 %. Thus, the calculating APE with 
low number of migrants will magnify the total error as was also concluded by Holmes et. al (2006). 
Moreover, it was impossible to calculate APE, if there were presences of zero counts. 
Consequently, we used a sample variance estimator based on differences between counters (eq. 3 & 
4), which led ±6 % and ±4 % confidence limits (95% CL) for MSW salmon and grilse, respectively. 
Linear regression between counters with 3-hour pooled data showed also some variation between 
counts (Fig. 16). 

Salmon Trout Whitefish Grayling
n 247 16 5 4
% 90,8 5,9 1,8 1,5

Salmon Trout Whitefish Grayling
n 3 3 4 3
% 23,1 23,1 30,8 23,1

Salmon Trout Whitefish Grayling
n 244 13 1 1
% 94,2 5,0 0,4 0,4
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Figure 16. Linear regression between double checked DIDSON data that has been analysed by 
counter 1 and 2. Three hour net-upstream migration data have been pooled in order to get more 
observations per hour and avoid empty hours. 
 
 
 

4 Conclusion – fulfilment of spawner reference level 
 
 
DIDSON monitoring provided high quality data on the salmon run in the River Karasjohka, 
including numbers, length distribution and timing of the migration of salmon. The monitoring 
period (9.6.-31.8.2010) covered most of the salmon migration window, although part of the multi-
sea-winter (MSW) salmon season was probably missed. Based on the long-term catch data and 
information from local fishermen, some MSW salmon are caught in the River Karasjohka already at 
late May-early June. Therefore, the numbers of salmon observed, especially MSW salmon, in the 
DIDSON monitoring represent minimum estimates of the true run size. 
 
Overall, the salmon spawning population of the river Karasjohka in 2010 proved to be rather small. 
Based on the work of Hindar et al. (2007) the spawner reference level (gytebestandsmål) of the 
River Karasjohka is estimated to be filled, when c. 1900 female salmon with a mean size of 6 kg are 
utilizing the spawning grounds. This reference level was clearly not reached in 2010, as only c. 660 
MSW salmon were estimated to ascend the river of which c. 240 individuals were estimated to be 
caught before spawning (unpublished Norwegian catch data). This means that only 400-500 MSW 
salmon survived to spawning, of which c. 75 % were females (300-375 females, see Fig. 9). Even 
when considering that a short part of the MSW salmon migration period was missed, it is highly 
unlikely that salmon spawner reference level of Karasjohka would have been reached in 2010. 
 
The run size of one-sea-winter (1SW) salmon of the River Karasjohka was also rather low (c. 1000 
ind.). This was in accordance with the observations from other parts of the River Tana, where low 
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numbers of 1SW salmon were counted during the migration period and at spawning grounds (Orell, 
unpublished data).  
 
Although the DIDSON data was collected only during one season, the results indicate that the 
population sizes of the headwater salmon stocks of the River Tana can be fairly low. These 
headwaters salmon populations suffer elevated fishing mortality as they have to migrate through the 
heavily exploited main stem of the river (> 200 km) before reaching their spawning areas. The 
conservation of these stocks is largely dependent on the fishing regulations employed at Tanafjord 
and at the lower and middle reaches of the River Tana main stem. In the near future the 
management of different sub-populations of the River Tana is going to be possible as genetic 
studies will reveal which populations are caught, when and where. This approach combined with 
the monitoring of run sizes will help the management and conservation of the headwater salmon 
stocks of the River Tana. 
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Appendix 1. Double counted data set (n = 93). Initials indicate the name of counter. 
 

    Counter 1 Counter2 

Recording 
Date 

Recording 
Hour Initials Salmon up

Salmon 
down Initials 

Salmon 
Up 

Salmon 
Down 

9.6.2010 1 JL 2 1 mo 2 1 
9.6.2010 8 jk 2 0 mo 2 0 

10.6.2010 7 vm 2 0 mo 2 0 
10.6.2010 18 vm 0 1 mo 0 1 
11.6.2010 13 vm 2 1 mo 2 0 
11.6.2010 19 vm 1 1 mo 1 1 
12.6.2010 0 vm 0 2 mo 0 0 
12.6.2010 2 vm 2 0 mo 2 0 
12.6.2010 9 vm 0 0 mo 0 0 
12.6.2010 17 vm 1 0 mo 1 0 
13.6.2010 4 vm 1 0 mo 1 1 
13.6.2010 12 vm 0 0 mo 0 0 
13.6.2010 22 vm 1 0 mo 1 0 
14.6.2010 6 vm 3 0 mo 3 0 
14.6.2010 20 vm 0 1 mo 0 1 
16.6.2010 21 mo 0 0 fdh 0 0 
17.6.2010 3 mo 0 0 fdh 0 0 
18.6.2010 3 mo 0 0 fdh 0 0 
18.6.2010 9 mo 0 0 fdh 0 0 
18.6.2010 15 mo 0 0 fdh 0 0 
25.6.2010 0 fdh 1 0 mo 1 0 
25.6.2010 1 fdh 0 0 mo 0 0 
25.6.2010 2 fdh 0 0 mo 0 0 
25.6.2010 3 fdh 0 1 mo 0 1 
25.6.2010 5 fdh 2 0 mo 2 0 
25.6.2010 6 fdh 0 0 mo 0 0 
25.6.2010 7 fdh 0 0 mo 0 0 
25.6.2010 8 fdh 2 1 mo 1 1 
25.6.2010 9 fdh 1 0 mo 2 0 
25.6.2010 10 fdh 0 0 mo 0 0 
25.6.2010 11 fdh 0 0 mo 0 0 
25.6.2010 12 fdh 0 0 mo 0 0 
25.6.2010 13 fdh 0 0 mo 0 0 
25.6.2010 14 fdh 0 0 mo 0 0 
25.6.2010 15 fdh 3 0 mo 3 0 
25.6.2010 16 fdh 0 0 mo 0 0 
25.6.2010 17 fdh 5 0 mo 5 1 
25.6.2010 18 fdh 0 0 mo 1 0 
25.6.2010 19 fdh 1 0 mo 1 0 
25.6.2010 20 fdh 1 0 mo 1 0 
25.6.2010 21 fdh 1 0 mo 1 1 
25.6.2010 22 fdh 0 0 mo 0 0 
25.6.2010 23 fdh 0 0 mo 0 0 
28.6.2010 3 mo 0 0 fdh 0 0 
28.6.2010 9 mo 1 0 fdh 1 0 
28.6.2010 15 mo 0 0 fdh 1 0 
28.6.2010 21 mo 4 1 fdh 4 1 
29.6.2010 3 mo 4 0 fdh 5 0 
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    Counter 1 Counter2 

Recording 
Date 

Recording 
Hour Initials Salmon up

Salmon 
down Initials 

Salmon 
Up 

Salmon 
Down 

29.6.2010 9 mo 0 0 fdh 1 0 
29.6.2010 15 mo 2 2 fdh 2 2 
29.6.2010 21 mo 0 0 fdh 0 0 
30.6.2010 3 mo 0 0 fdh 0 0 
30.6.2010 9 mo 1 0 fdh 1 0 
30.6.2010 15 mo 0 0 fdh 1 0 
30.6.2010 21 mo 0 0 fdh 0 0 
1.7.2010 1 fdh 0 0 mo 0 0 
1.7.2010 2 fdh 0 0 mo 0 0 
1.7.2010 3 fdh 5 0 mo 5 0 
1.7.2010 4 fdh 3 0 mo 3 0 
1.7.2010 5 fdh 3 0 mo 3 0 
1.7.2010 6 fdh 1 0 mo 1 2 
1.7.2010 7 fdh 1 1 mo 1 0 
1.7.2010 8 fdh 0 1 mo 0 1 
1.7.2010 9 fdh 0 0 mo 0 0 
1.7.2010 10 fdh 0 0 mo 0 0 
1.7.2010 11 fdh 0 0 mo 0 0 
1.7.2010 12 fdh 2 0 mo 2 0 
1.7.2010 13 fdh 2 0 mo 2 1 
1.7.2010 14 fdh 3 1 mo 3 1 
1.7.2010 15 fdh 1 0 mo 1 0 
1.7.2010 16 fdh 0 0 mo 0 0 
1.7.2010 17 fdh 0 0 mo 0 0 
1.7.2010 18 fdh 0 0 mo 0 0 
1.7.2010 19 fdh 0 0 mo 0 0 
1.7.2010 20 fdh 1 0 mo 1 0 
1.7.2010 21 fdh 2 0 mo 2 0 
1.7.2010 22 fdh 1 0 mo 1 0 
1.7.2010 23 fdh 1 0 mo 1 0 
5.7.2010 21 mo 2 0 fdh 2 0 
6.7.2010 3 mo 1 0 fdh 1 0 
6.7.2010 15 mo 3 0 fdh 3 0 
7.7.2010 3 mo 0 1 fdh 0 1 
7.7.2010 9 mo 3 0 fdh 3 0 
7.7.2010 15 mo 6 0 fdh 5 0 
7.7.2010 21 mo 2 1 fdh 2 0 
8.7.2010 21 mo 0 0 fdh 0 0 

12.7.2010 9 mo 2 1 fdh 1 1 
12.7.2010 15 mo 0 0 fdh 0 0 
12.7.2010 21 mo 1 0 fdh 1 0 
13.7.2010 9 mo 1 0 fdh 1 0 
13.7.2010 15 mo 1 0 fdh 1 0 
27.7.2010 3 mo 0 0 fdh 0 0 
29.7.2010 21 mo 1 1 fdh 1 1 
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 Evaluation of the counting system DIDSON in Karasjohka 2010 
 
In the project “Use of DIDSON to estimate spawning run of the Atlantic salmon in the River 
Karasjohka, the tributary of the River Tana”, accepted by DN in May 2010, one of the main 
objectives were to evaluate the reliability of the DIDSON as a counting system for migrating 
salmon.  
This is a very important aspect of the project, specifically considering plans for future use of this 
system. In this short report we will present how this was done, an evaluation of the system and 
recommendations for future use.  
 

1 Introduction 
Counting fish in a river is a difficult task, and no methods are 100% reliable. Fish may pass at 
places where the counter cannot see it or fish may be counted more than one time. The counter may 
stop working for periods of time due to maintenance or accidents, or the personnel operating the 
counter may do errors when registering the fish passage.  For a hydro acoustic counting station 
special respect has to be paid to the alignment and behavior of the acoustic beam.  The cone shaped 
beam cover very little water close to the transducer and fish may pass unnoticed under or over the 
beam. At long range the beam is weekend by absorption, spreading, and influence from bottom and 
surface. Thus, echoes from passing fish may not be strong enough to be observed. Hence, we may 
discuss the acoustic counters efficiency in light of a detection probability function with low 
detection probability in the near and far range, and high detection probability at medium range.  The 
detection probability function can be evaluated 1) by comparing with alternative counting methods, 
2) by studying the range and size distribution of the counted fish and 3) by placing artificial targets 
in the beam. All three methods have been tested. We have also evaluated the efficiency of the 
manual counting. 
 

2 Evaluation of the DIDSON-system 
For comparison with alternative counting method In Karasjohka, an EK60 split beam echo sounder 
and two video cameras were applied as alternative monitoring tools. EK60 is a scientific split beam 
echo sounder with much higher ability to see week echoes at much longer range than DIDSON in 
open waters. In shallow rivers, however, DIDSON perform normally better from the point where 
the beam hits the surface or bottom.  In addition to verify the DIDSON performance, we also 
wanted to see if the two systems could come up with so similar results that one could use a split 
beam rather than a DIDSON for future counting. This is interesting because the split beam system is 
much cheaper, and produces much less data than the DIDSON.  
 
Video cameras were installed for two objectives, to analyze the species composition of observed 
fish and to verify the DIDSON counts. The analysis of the species composition has been done and is 
included in the report on counting results, while using the video to verify what DIDSON did not see 
has not been done so far.  

2.1.1 Recording period 
The EK60 echo sounder recorded data from 16.07 to 18.08 while the DIDSON recorded data from 
08.06 to 24.08. A total 574 hours of data was recorded with the EK60 and a total of 1622 Hour was 
recorded with the DIDSON.  Both systems were also recording during the flood between 23 and 29 
July, but this recording time is subtracted from the presented hours since the systems were moved 
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out of position and cold not see the river cross section correct. The EK60 echo sounder was started 
in the middle of July. It was not started earlier because of problems with the synchronization cable 
between the EK60 and DISON and because of parameter setting in the EK60. Originally the EK60 
was set up to emit sound with 500 watt. This power disturbed the DIDSON recording.  We did not 
manage to get the synchronization to work, but by reducing the power to 50 watt the EK60 did not 
disturb the DIDSON and could thereby be run in parallel without synchronized sound emission. 50 
watt is more than enough for such a narrow site, and letting the EK60 ping with this power did not 
reduce the data quality in the DIDSON at all. The system was stopped 18. August, some days 
before the DIDSON, because the manufacturer Simrad A/S, who had lend it to us for free, needed it 
back.      
  
 

   
Figure 1. Echograms showing the flood tipping over the tripod Friday 23 July.   
DIDSON to the left and EK60 to the right.  
 
 

 

Figure 2. Echograms showing work in front of the transducer preparing to set the transducer stand 
back in place. Thursday 29, July, 13:15. DIDSON to the left, EK60 to the right.  
 

2.1.2 Transducer placement 
The EK60 transducer was mounted on the same platform as the DIDSON, giving the same aiming 
as the DIDSON.  The two systems have different opening 
angle in the vertical domain, 7 deg for the EK60 versus 12 deg 
for the DIDSON. This influences the way the systems see the 
river relative to the bottom profile, meaning that the EK60 
beam has a larger uncovered gap between the beam and the 
bottom than the DIDSON at shorter range. For the EK60 a 
mounting closer to the bottom and with less tilting 
downwards would have been better. It was however not 
possible to set up another tripod system for the EK60 due to lack of material and manpower, so we 
used the mounting as it was. 
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2.1.3 Synchronizing the time 
In order to compare the data from the EK60 with the data from the DIDSON, it is essential that the 
two systems mark the recorded data with the same timestamps.  DIDSON uses local time as seen on 
the PC clock in the computer EK60 use Greenwich time obtained from the PC clock together with 
the systems time zone setting. Hence if the time zone is set to Norway, the resulting timestamps 
produced by EK60 will be added one hour to the local time.  Even if the time presented by the two 
PC’s running the two systems show the same, one system may mark the recorded data with a 
different time than the other system.  The systems was synchronized correct when started the 16. 
June.  Set 1 hour wrong from 20.July at local time 20.25 and from then run 1 hour late for three 
days until the flood tipped the tripod. After the flood, both systems run with correct timing until the 
EK60 was taken up the 18:08.  During this period the PC clock on the two systems slowly deviated 
by about 4 minutes.  
 
Events Date EK60 time DIDSON time Time diff 
Beam mapping 20.07 12:04 12:04 0 Hour 
Large target 20.07 21.27 20.27 1 Hour 
Fish 20 21:35:47 20:35:47 1 Hour 
Flooding start 23.07 18:15:29 17:15:29 1Hour 
Setting up Tripod 29.07 13:15 13:15 0 Hour 
Up and running again 29.07 14:52 14:52 0 Hour 
Trimming tilt   13.08 17:16:08 17:19:39 00:03:31 
 

2.2 Counting results from the EK60 split beam data 
All available data from the EK60 was counted with the post processing system Sonar 5 (S5).  Split 
beam data do normally provide information about target positions from where swimming direction, 
speed and target size can be estimated. The split beam principle relies on the difference in arrival 
time at different parts of the transducer face similar to human hearing.  Human can position a car 
moving on a road by stereophonic hearing, but this ability is sensitive to noise. The same goes for 
the split beam system. With the transducer mounting in Karasjohka, the EK60’s ability to position 
was strongly reduced due to noise in the river. It is still possible to count fish because upstream 
swimming fish makes traces in the echogram that looks very much different from downstream 
drifting targets. We set up the software for click counting with automatic paging. Click counting 
register time and range for each click. The automatic paging system goes through all selected data 
automatically so that the operator only has to interfere when a fish is seen. After all fish had been 
registered, all registered tracks where studied a second time to ensure that same criteria had been 
applied for the entire counting period. A few fish tracks where found to be misjudged as either too 
small or to be drifting debris.  About 13 targets were deleted during this verification.   
   

  
Figure 3. EK60 data showing two different traces from fish migrating upstream.  
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2.2.1 Results from the period 16 to 31 July 
315 fish was counted in the data from the EK60, while 543 fish was counted in the date from 
DIDSON. For EK60 this period is unstable with respect to testing, system halt, a period of time 
displacement and halt due to flooding.  It is possible to relate the two counting results by detailed 
studies of the periods where the two systems where running well in parallel, but this will be time 
consuming and we have thereby selected to focus on the August data for comparison between the 
EK60 and DIDSON 
 

2.2.2 Results from the period 01 to 18 August 
Both systems run well with very few halts and disturbances during this period.  Time was 
synchronized well in the start of the period but deviated by 3.5 minutes in the end of the period due 
to different accuracy of the PC clocks. This is, however, not problematic for the testing except for 
the trace by trace comparison where one have to look up the fish with the correct time difference.   
 
A total of 1118 fish was observed in the EK60 data while 835 fish where observed in the DIDSON 
data.  This is the total numbers of observation without respect to swimming direction. The most 
likely reasons for the discrepancy is the narrower beam for the EK60 and that EK60 sees smaller 
fish than the DIDSON.  One of the main problems with the selected site in Karasjohka was that fish 
stopped and stayed for a long time in the beam, gliding slightly up and down stream, and fighting 
with other fish for the positions. In this situation a narrow beam will observe more passages than a 
wider beam.  At a site where bottom and surface disturb the beam, sizing is difficult for a split beam 
system and fish smaller than 50 cm may have been counted in the EK60 contributing to the 
overestimate.  
 
If we plot the counting results per day for the DIDSON and EK60, we see good agreements some 
days and total overestimate other days.  If we look into periods of overestimates we see that these 
days are characterized with fish fighting or chasing each other around and staying long time in the 
beam.  At other days such as 11.08 the fish behavior is very different. Here fish mainly pass the 
beam and continue up streams without stopping up to stay in the beam.  
   
 

 
Figure 4. EK60 data compared to DIDSON data on the same days. The low result for EK60 the first day was 
due to a system halt resulting in only 10% coverage of that day for the EK60 recording 
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2.2.3 Diurnal coverage 
As seen from the diurnal coverage in Figure 5, both systems peek around the 4-5 in the morning and 
with a minimum around 11.  With some fantasy, two more peaks can be seen, one around midday 
and another in the evening. Both systems agree on the main trend despite of some local variations.  
 

 
Figure 5. Diurnal coverage for the period 01.18 August 

 

2.2.4 Can we see the same fish in both systems?  
DIDSON saw the same fish as the EK60 saw. About 100 fish counted in EK60 where looked up in 
the DIDSON data to verify that the fish could be seen there as well.  All of these fish was well 
detected in the DIDSON data. At periods where the DIDSON counted less fish than the EK60, it 
could be seen that the same fish was observed as more than one fish in the EK60 data due to the fish 
leaving and reentering the narrower EK60 beam, while it could be followed all the way in the wider 
DIDSON beam.  
 

  
Figure 6. This fish is an excample of a fish that was only seen in the DIDSON data. It could not be seen in the 
EK60 data at all. The target passed the counter 13.08.2010 - 17:20:45 at a mean range of 5.30 m. Most 
likely reason for not beeing observed by the EK60 is that it passed under the EK60 beam whitch is more 
narrow than the DIDSON beam.   

 

2.3 Range and size distribution of the counted fish   
If we look at the range where the targets pass the transducers (Figure 7), we see that both systems 
have a main peak around 5-7 meters. In addition, the DIDSON has another peak at 14 meters. EK60 
has a small peak at 11 meter.  We can learn three things from this:  

a) that fish migrates in an uneven pattern at the site  
b) that DIDSON see fish at longer range than EK60 
c) that both systems sees very little fish in the near and far end        
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All three were expected.   
(a) was expected because of the river topology and the water current at the site. At the end of a 
rappel fish would naturally find rocks to rest behind and to search for the best way to proceed.  
 
(b) was expected because of the systems mounting and tilting relative to the bottom profile. As we 
can see from the right noise graph in 8, the EK60 beam starts to see the bottom already at 7 meter. 
From then, more and more noise is added making it more and more difficult to see fish. The echo 
from a fish has to exceed the noise level in order to be seen in the echogram. A 50 cm salmon seen 
directly from the side in the middle of the beam has an echo intensity of about minus 30dB. At other 
aspect angles and close to the bottom, the same echo will quickly decline to -40 or -50 dB. As seen 
from the noise graph in Figure 8, a -40 dB salmon will disappear at 12 meter.   
 
For DIDSON this is different because it has 48 beams, each beam being 0.5 deg wide.  If one beam 
hit a rock on the bottom as seen e.g. at 4.5 meter in the left noise graph in Figure 8, other beams will 
pass the rock on each side making it possible to see the fish better than in the EK60 at longer range.   
 
 (c) is be discussed in the beam mapping section.   
  
         

 
Figure 7. Average passage range from the transducer for the period 01 to 18 August 

 
 

   
Figure 8. Noise level versus range seen in the DIDSON’s center beam left and in the EK60 to the right. The TS 
numbers on the left scale are relative and must not be compared between the two systems.   
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2.4 Beam-mapping  
Beam mapping is a useful tool to verify how well a target can be observed at different places in the 
river. A 50 cm salmon was the smallest salmon to be counted. To simulate such a salmon, we made 
an artifcicial target. A 500 gram profiled sinker for makerell fishing was used for the head. The 
body was made of two layers of duck tape with small stones inbetween.  Total length of the head 
and body was 50 cm. The stones were applied to make the body scatter the incoming sound pulse in 
various directions and thus avoiding specular like reflection. Figure 9 showes the production of the 
artificial salmon. In the water current, this artificial target moved fairly similar to a fish and in the 
data from the DIDSON it looked like a swimming salmon.  

 
Figure 9. Production of artificial target. A sinker with two layer of “duck tape” holding small stones in 
between.  

The riverboat was tied tight in the front to a rope crossing the river slightly upstream from the 
beam.  The boat was moved to longer range between each measure series.  The boat stayed fairly 
stable without swaying in and out when the operator was sitting in the back. To avoid the target 
form being washed away with the current a monofilament support line was mounted from the front 
of the boat and back to the target in the end of the boat in addition to the line used for lifting the 
target up and down.  
 

 
Figure 10. Helge and Fredrik preparing the boat for beam mapping in heavy rain. The iron-poles and the 
rope crossing the river can be seen in the left side of the picture.   

 
At each ranges, water depth was measured as the length of the line needed to reach the bottom 
while the distance from the DIDSON was measured from the targets echo seen on the DIDSON.  
The target was then lifted from bottom to the surface with constant speed. The DIDSON was set to 
record only while the target was on the way from bottom to the surface.  The lower and upper edge 
of the beam was calculated from the frame number where the target was seen to enter and leave the 
beam, the measured depth, and the total number of recorded frames in each file.  
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2.4.1 Beam-mapping results 
The result from the beam mapping is seen in Figure 11 together with the counting results from the 
DIDSON for 01 - 18 August.  The beam mapping show that fish can be detected all the way from 
bottom to near surface for the first 11 meters. This is a good result and indicates that fish cannot slip 
under the beam close to the transducer. At a range longer than 12 m, the beam mapping indicates 
that fish of 50 cm are difficult to see (Figure 12). But as we can see in the counting results, fish was 
also observed between 12 and 20 meters from the transducer as well.  Four explanations are 
possible.   
 

1) Only larger fish than 50 cm was obtained outside the 12 meter range.  
2) The salmons where obtained at different aspect angles than tested by the artificial target. 
3) The artificial target reflected different than the salmons at long range. 
4) The counting results obtained at long range by the counting personnel are not reliable due to 

the low SNR 
 

Discussing the potential explanations: We plotted the average target length for each range bins 
from 1 to 20 m (Figure 13). This showed that the acoustically measured size did not change with 
range across the river. The increasing noise level may have an impact on the measured size by 
hiding parts of the head and tail. We cannot know this for sure, but we find it unlikely that bigger 
salmons should prefer to move more to the opposite side of the river. Figure 14 show that fish 
where detected at all angles and also at the center of the beam where the artificial target was tested. 
We looked at the echo intensity and compared the reflection from true salmons with the artificial 
salmon and could not find that this was the reason. When we started to verify the fish counted by 
the counting personnel at higher ranges we learned that there was a fairly high uncertainty related to 
the results. Registered targets could not be found, target was double registered or not registered, 
targets where classified as fish when we would have considered to classify them as noise  and target 
were marked with directions we could not agree on. NB This is not a criticism of the counting 
personnel who have done an impressive job, but it do highlight the problems related to try to count 
fish in data where signal to noise ratio actually are too bad for counting to be possible.  
 
Our conclusion to this is that there are no discrepancy between the results from the beam mapping 
and the results from the counting. The beam mapping show where we can count fish reliable and 
efficient.  If we took the artificial target and dragged it up and down sufficiently many times at 
longer ranges it is likely that we would be able to detect it now and then as with fish.  
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Figure 11. Upper: Result from the beam mapping of the DISON beam. The upper solid line is the top of the 
beam. The lower solid line represents the bottom of the beam, while the broken line is the bottom profile. 
Lower: Counting results show that DIDSON detect fish at longer range than we could see the artificial 
target.    
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Figure 12. A) Fish at 4-5 m is very easy to see and is measured to be 61 cm long. Upper= 3D echogram. Left 
Amp echogram. Right Movie view. B) Outside 12 m, the fish becomes difficult to see due to noise. This fish is 
measured to be 82cm long. 
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Figure 13. Average target length versus range for observations in DIDSON data recorded in the period 01 to 
18 August.  

 
 

 
Figure 14. Fish detection angles in the DIDSON beam. 

 

2.5 Manual counting process 
The counting was carried out by watching through the acoustic DIDSON videos at higher than 1:1 
speed in order to reduce the counting time.  
 
Normally fish counting in DIDSON data is carried out by registering targets passing the center 
beam. The reason to this is that the center beam is many times stronger than the beams at the sides, 
so the chance of seeing a fish there is normally much higher.  Moreover, this makes the counting 
easy and fast because one has one common “finishing line” for all fish.   
 
At the Karasjohka site fish where stopping, staying for a long time in the beam and competing with 
other fishes for the best place to stay. This made counting by the traditional method difficult, so 
instead a map of the beam was drawn on paper and each time a fish was observed, it was followed 
around in the beam until it found it timely to leave either up or down.  If it left the same way it came 
it was not counted while if it passed it was counted as up or down migrating.  
 
According to the counting personnel, it took about 6-8 h to analyze 24 h of recordings. This long 
time is related to the watching of the acoustic movies. A method based on paging through the 
echograms is much faster, and processing time can be reduced to 1-2 hour per day of recorded data. 
We tested this with the Sonar5 software with good results.  
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If the signal to noise ratio is sufficient and fish don’t stop in the beam, automatic or semi automatic 
methods will work and can reduce the processing time to a fraction.  Counting personnel should of 
course be trained in using the selected software.      
 
 

3 Conclusions 
 

1) The DIDSON counter worked well and counted with a near 100% accuracy up to 12 meter 
2) At longer range the counting results becomes unreliable due to noise.  
3) The selected site was not well suited for hydroacoustic fish counting.  Being in the end of a 

rappel increases noise, causes an uneven bottom with rocks and make salmon stop and stay 
for a long time in the beam, and chasing each other. All three reasons reduce the ability to 
count fish efficient and reliable.  

4) The DIDSON counter is better suited for fish counting in a shallow river than the EK60. At 
the right site, and with better positioning, EK60 can be applied as a cheaper alternative, but 
will always give a bit less reliable results.  

5) The counting method used by the counting personnel was unnecessary time consuming and 
analysis time can be dramatically reduced by changing from video watching to echogram 
watching.   

6) Automatic counting did not work well due to the low signal to noise ratio (SNR) and due to 
fish staying in the beam. Automatic counting will work if these two factors can be 
sufficiently improved.      

  
4 Implications for counted results 2010 
A total of 3682 fish were registered in 2010. Of these, 66 % were registered in the area between 0 
and up to 12 m from the sonar where we assume 100 % coverage (Table 1). This area constitutes 60 
% of the area monitored (0-20 m). Consequently 34 % were registered going in the area where we 
do not have full coverage (12-20 m). 
 
Less than 100 % coverage reduces the accuracy in the net fish flux in the river. The data as well as 
the topography of the river indicate that fish preferred to migrate upstream at the bank closest to the 
sonar, where we had good coverage, while downstream swimming fish probably utilized the bank 
opposite the sonar where coverage wasn’t optimal (Table 1). Observers standing on the bridge 
across the river also reported this tendency. In general fish going downstream are more difficult to 
see on the sonar of various reasons. To be able to give a fully correct number of migrating salmon a 
better suited locality must be chosen. 
 
 
Tabel 1. Distribution of fish depending on direction and placement in the river. 
 Total Up stream Down stream 
Total 100 % 65 % 35 % 
0-12 m 66 % 69 % 31 % 
12-20 m 34 % 54 % 46 % 
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5 For the future 
The pilot project in Karasjohka showed that hydroacoustic methods work well for monitoring the 
salmon run. It is however essential to put considerable effort in the setup and selection of the 
counting site.  
 
A locality with less current, where the bottom can be modified to not disturb the beam and where 
the salmon are guided through the optimal part of the beam using fences would be suitable. Fish 
will pass and not stop and less current will make it easier to count fish going down stream more 
reliably. This is necessary in order to increase the counting accuracy at longer range and will also 
increase the range that we can monitor with the DIDSON from 15-20 to 20-30 m. The increased 
quality of the data will allow partly automation of the counting, reducing the time needed for 
analysis, meaning considerable reduction in costs. 
 
For future studies in the Tana River system using DIDSON we suggest: 

1. That a suitable site is located in the Karasjohka, or other river of suitable size, fulfilling set 
criteria and with permission to perform necessary modifications. The DIDSON counts 
another season, using one LR-system. Experience from the site selection, modification and 
increased efficiency in post data treatment in this study can be transferred to a larger 
counting site in the River Tana if desirable.  

 
2. A suitable site is located in the Tana River fulfilling set criteria and with permission to 

perform necessary modifications. Two to three LR systems will be necessary to cover the 
larger distance as well as more manpower is needed to set it up properly. This suggestion 
means considerably higher initial cost for purchase of DIDSON units as well as more people 
is needed both for setup and analysis of collected data.   

 
We recommend starting with suggestion 1 and using the experience gained here to set up a full 
scale monitoring in the main river Tana (suggestion 2). It will take time and effort to set up a proper 
site in such a large river and that work can be started simultaneously with suggestion 1.   
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Appendix 
 

Recording period overview 
 

Day Date 
DIDSO
N EK60 

DIDSO
N 
Hours 

Ek60 
 Hours 

Tue 08.06.2010 19.25 0 4.6 0.0
Wed 09.06.2010 91.48 0 22.0 0.0
Thu 10.06.2010 82.01 0 19.7 0.0
Fri 11.06.2010 93.4 0 22.4 0.0
Sat 12.06.2010 100 0 24.0 0.0
Sun 13.06.2010 99.57 0 23.9 0.0
Mon 14.06.2010 95.83 0 23.0 0.0
Tue 15.06.2010 61.63 0 14.8 0.0
Wed 16.06.2010 100 0 24.0 0.0
Thu 17.06.2010 100 0 24.0 0.0
Fri 18.06.2010 99.59 0 23.9 0.0
Sat 19.06.2010 68.76 0 16.5 0.0
Sun 20.06.2010 100 0 24.0 0.0
Mon 21.06.2010 100 0 24.0 0.0
Tue 22.06.2010 95.64 0 23.0 0.0
Wed 23.06.2010 100 0 24.0 0.0
Thu 24.06.2010 100 0 24.0 0.0
Fri 25.06.2010 20.83 0 5.0 0.0
Sat 26.06.2010 79.17 0 19.0 0.0
Sun 27.06.2010 100 0 24.0 0.0
Mon 28.06.2010 100 0 24.0 0.0
Tue 29.06.2010 100 0 24.0 0.0
Wed 30.06.2010 100 0 24.0 0.0
Thu 01.07.2010 100 0 24.0 0.0
Fri 02.07.2010 100 0 24.0 0.0
Sat 03.07.2010 100 0 24.0 0.0
Sun 04.07.2010 63.58 0 15.3 0.0
Mon 05.07.2010 43.14 0 10.4 0.0
Tue 06.07.2010 91.02 0 21.8 0.0
Wed 07.07.2010 97.45 0 23.4 0.0
Thu 08.07.2010 97.3 2.73 23.4 0.7
Fri 09.07.2010 100 0 24.0 0.0
Sat 10.07.2010 98.85 0 23.7 0.0
Sun 11.07.2010 100 0 24.0 0.0
Mon 12.07.2010 100 0 24.0 0.0
Tue 13.07.2010 100 0 24.0 0.0
Wed 14.07.2010 94.77 0 22.7 0.0
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Thu 15.07.2010 99.91 0 24.0 0.0 Experimentel period 
Fri 16.07.2010 100 26.76 24.0 6.4 Experimentel period 
Sat 17.07.2010 100 97.23 24.0 23.3 Experimentel period 
Sun 18.07.2010 96.21 99.93 23.1 24.0 Experimentel period 
Mon 19.07.2010 95.34 97.31 22.9 23.4 Experimentel period 
Tue 20.07.2010 94.43 87.82 22.7 21.1 Experimentel period 
Wed 21.07.2010 100 14.64 24.0 3.5
Thu 22.07.2010 92.49 88.41 22.2 21.2

Fri 23.07.2010 75 75 18 18
Flooding Equipment tipped 17:15:29 
DIDSON time 

Sat 24.07.2010 0 0 0 0 Flood 
Sun 25.07.2010 0 0 0 0 Flood 
Mon 26.07.2010 0 0 0 0 Flood 
Tue 27.07.2010 0 0 0 0 Flood 
Wed 28.07.2010 0 0 0 0 flood 
Thu 29.07.2010 36 36 8.6 8.6 Equipment back on place 14:52:30 
Fri 30.07.2010 100 100 24.0 24.0
Sat 31.07.2010 100 63.41 24.0 15.2
Sun 01.08.2010 100 10.76 24.0 2.6
Mon 02.08.2010 100 99.99 24.0 24.0
Tue 03.08.2010 100 100 24.0 24.0
Wed 04.08.2010 100 100 24.0 24.0
Thu 05.08.2010 100 99.33 24.0 23.8
Fri 06.08.2010 100 39.59 24.0 9.5
Sat 07.08.2010 100 100 24.0 24.0
Sun 08.08.2010 100 100 24.0 24.0
Mon 09.08.2010 100 100 24.0 24.0
Tue 10.08.2010 100 100 24.0 24.0
Wed 11.08.2010 100 99.99 24.0 24.0
Thu 12.08.2010 100 100 24.0 24.0
Fri 13.08.2010 99.47 98.74 23.9 23.7
Sat 14.08.2010 100 87.45 24.0 21.0
Sun 15.08.2010 100 100 24.0 24.0
Mon 16.08.2010 92.28 100 22.1 24.0
Tue 17.08.2010 100 81.5 24.0 19.6
Wed 18.08.2010 100 84.06 24.0 20.2
Thu 19.08.2010 100 0 24.0 0.0
Fri 20.08.2010 100 0 24.0 0.0
Sat 21.08.2010 100 0 24.0 0.0
Sun 22.08.2010 100 0 24.0 0.0
Mon 23.08.2010 100 0 24.0 0.0
Tue 24.08.2010 83.33 0 20.0 0.0
SUM 1621.9 573.8
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