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EXECUTIVE SUMMARY 

Species composition data are combined with acoustic count data to estimate Sockeye Salmon 
(Oncorhynchus nerka) escapement at various locations in the Fraser River watershed. Species 
composition is often estimated from test fishing data despite the knowledge that there are periods 
when test fishing results may be biased owing to the overwhelming abundance of a species in the 
river or there are periods when test fishing is not permitted due to conservation concerns. In this 
study, we used discriminant function analysis (DFA) to evaluate metrics of the salmon swimming 
motion (tailbeat frequency, body flexion, length, and range) to classify images of Pink Salmon 
(Oncorhynchus gorbuscha), Sockeye Salmon (O. nerka) and Chinook Salmon (O. tshawytscha) 
recorded by a DIDSON system as an alternative approach to traditional test fishing for estimating 
species composition of migrating Pacific salmon. DIDSON images were classified a priori to species 
by time synchronizing DIDSON files and underwater video files collected simultaneously. We 
extracted size, morphometric and swimming-motion (tailbeat frequency, body curvature) data 
from DIDSON images of fish and applied principal components analysis (PCA) on fish morphometric 
and track data and a k-nearest neighbour algorithm (kNN) based on length and swimming-related 
variables (body flexion, tailbeat frequency) to construct a model to classify DIDSON images for 
Salmon species composition (Chinook Salmon, Sockeye Salmon, Pink Salmon). Principal 
components based on morphometric and track variables failed to result in clear groupings 
consistent with species in either 2012 or 2013. Similarly, the classification model underestimated 
the number of Sockeye Salmon and overestimates the number of Pink Salmon relative to the true 
number for each species, the overall accuracy of the kNN classification model was low (47.8%), and 
an estimated Mathews correlation coefficient (a measure of the quality of classification that takes 
into account true and false positives and negatives in binary classifications) of -0.0468, which 
means that our predictions were equivalent to random guesses. The bias and low accuracy of 
predictions are important because Sockeye Salmon are the target for management. The absence of 
any power in variables such as length and tail-beat frequency to discriminate among Pacific Salmon 
species is puzzling given our experience and other studies in the scientific literature. We cannot 
rule out the possibility that classification of DIDSON images of Pacific Salmon to ascertain species 
composition in large fast flowing rivers is not possible with these variables. We believe that the 
overall approach of simultaneous recording of DIDSON and video images is appropriate to address 
the classification problem and may have greater potential for classifier development for other 
species with different body types in different situations than we tested. If further effort to develop 
Pacific Salmon classifiers is contemplated, then we recommend a cross-validation study on tailbeat 
frequency and body flexion of fish swimming in steady mode in controlled laboratory conditions to 
evaluate the accuracy of the caterpillar pattern in DIDSON echograms for estimating TBF and the 
accuracy of body curvature estimated from DIDSON images statistically. This kind of study should 
also evaluate the relationship between water velocity and TBF and body curvature during 
swimming to understand whether water velocity at a site imposes a limit on the ability to use these 
variables in a species classifier for Pacific Salmon.  
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1.0 INTRODUCTION 
Riverine acoustics is used to estimate the annual gross escapement of Sockeye Salmon 
(Oncorhynchus nerka) migrating into the Fraser River at Mission. The Mission hydroacoustic facility 
has been in operation since 1977 and is the primary site at which gross escapement is estimated for 
daily in-season management of Sockeye Salmon. A second site on the Fraser River at Qualark Creek 
is about 95 river km upstream of Mission and has produced daily in-season escapement estimates 
since 2008, although the site was operated experimentally in the 1990s to develop improved 
riverine acoustics techniques that have been transferred to the Mission operations.  

Riverine acoustic systems, regardless of the technology employed, estimate the number of targets 
(presumed to be fish) passing a given spot per unit time. These acoustic estimates of target 
numbers are converted to species-specific estimates of escapement through the application of 
species composition information from test fisheries or other data sources external to the acoustic 
process. Although the focus of the Mission and Qualark programs is on Sockeye Salmon, other 
salmon species may be significant components of the migrating population in the Fraser River, 
particularly in odd-numbered years when Pink Salmon (O. gorbuscha) enter the river to spawn.  

The assumption that species composition from the net catches of a test fishery is representative of 
the assemblage passing an acoustic site in the Fraser River, especially when Pink Salmon are the 
dominant species, may bias acoustically-based escapement estimates. This assumption is difficult to 
sustain when the test fishery location is distant from the acoustic site, as for Mission. In addition, 
early in the Sockeye Salmon migration period, test fishing may be curtailed or stopped owing to 
conservation concerns about the early Stuart Sockeye Salmon run timing group. This issue is 
especially relevant to the Qualark operation as species composition data from the test fishery may 
not be available until mid- to late July. More robust estimates of species composition will address a 
bias in escapement estimates produced by the Mission and Qualark programs and improve the in-
season information used to manage salmon fisheries.   

The images collected with a DIDSON sonar have sufficient resolution to show the shape and 
swimming motion of fish, which permits confident visual differentiation of migrating fish and 
debris. Based on this knowledge, we suggest that a classification algorithm based on shape and/or 
swimming motion can be developed to supplement test fishery information or replace it for periods 
when no test fishery data are available. Classification to species involves comparing different fish 
images based on morphometric and/or behavioural (upstream velocity, tortuosity, angular distance 
travelled) variables. Morphometric variables (shape, size) are properties of a fish image that can be 
extracted for each frame in a DIDSON file, i.e., from a snapshot in time. Behavioural variables (tail-
beat frequency, body curvature) are track-based properties of a fish observed over a series of 
consecutive frames in a DIDSON file, i.e., through time. Here we focus on morphometric and 
behavioural variables that describe the swimming motion. We used visual tracking to group the 
images produced by individual fish over a series of frames to derive estimates of behavioural 
variables. The alternative, algorithm-based tracking of fish, is challenging to apply to DIDSON 
images, especially during high density passage periods, and has not been fully developed for 
research or operational uses at present. 

Pacific salmon exhibit species-specific differences in migratory behaviour that may reflect 
acoustically measurable differences in swimming performance. For example, size-based lateral 
segregation has been observed among upstream migrating salmon, with larger Chinook Salmon (O. 
tshawytscha) migrating further offshore than Sockeye Salmon than Pink Salmon in an attempt to 
optimize the trade-off between swimming in deeper faster water to reduce wave drag (resistance 
associated with the generation of surface waves when swimming close to the surface) and 
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swimming in shallower slower water to reduce skin friction and form drag (Hughes 2004). If size-
based lateral segregation is a consistent feature of upstream migration, then variables such as range 
from the transducer and fish length may be useful for the classification of unknown fish images. 

Most fishes generate thrust with lateral movements of the body and caudal fin when in a steady 
swimming mode (Webb 1975). Both the amplitude of body flexion (curvature) and the frequency of 
lateral caudal fin movements (tail-beats) are measurable components of this swimming motion. 
Mueller et al. (2010) showed that the tail-beat frequency (TBF) of salmon can be extracted from 
DIDSON images and that the TBFs of Chinook-sized and Sockeye-sized images differed significantly 
(P < 0.001), without correlation between TBF and length within either putative species group. 
These authors suggested that the observed difference in TBF between the two groups was species-
specific rather than an indirect effect of the differences in the size of group members.  

A reanalysis of video data of 150 migrating fish collected in 1995 at Spences Bridge on the 
Thompson River as part of a calibration experiment for riverine split-beam acoustic procedures 
used to estimate escapement (see Enzenhofer et al. 1998) found that the mean (± standard 
deviation) TBF of Sockeye Salmon was 2.3 ± 0.43 tail beats/sec (TB/s) and the mean TBF of Pink 
Salmon was 3.13 ± 0.32 TB/s. More importantly, 82% of Pink Salmon had TBF exceeding 2.8 TB/s 
and 82% of Sockeye Salmon had TBF less than 2.8 TB/s (Figure 1). The findings of Mueller et al. 
(2010) and the Spences Bridge reanalysis results are promising from a classification standpoint 
because they point to potential species-specific differences in TBF that may be acoustically 
measurable for the classification of unknown fish images.  

The goal of this project is to develop a process for deriving estimates of salmon species composition 
based on features extracted from DIDSON images that could be applied to DIDSON files to estimate 
species composition in the absence of estimates from test fishing or other visual methods. Our 
approach focuses on extracting features from DIDSON images that quantify the size, shape, and 
swimming motion of fish and may capture differences between free-swimming Chinook, Pink, and 
Sockeye Salmon. Specific objectives are to:   

1. Develop procedures to extract features characterizing size, shape, and swimming motion 
from DIDSON images using both algorithm-based  and visual approaches; and 

2. Explore whether patterns in size, shape and swimming motion variables extracted from 
DIDSON images can be used to separate unknown images into classes corresponding to 
Salmon species commonly migrating in the Fraser River (Chinook, Pink, and Sockeye 
Salmon). 

The development of classifiers based on acoustic data is the focus of substantial research and may 
be more readily achievable with the DIDSON system because of the enhanced information on shape 
and other target attributes available in the images. The objectives outlined above represent an 
important step in the development of acoustic classifiers based on DIDSON images that can be used 
to derive species composition information from DIDSON acoustic data.  

2.0  METHODS 
2.1 Study Site 

Field work was conducted in the Thompson River, near Spences Bridge, British Columbia 
(50.418°N, 121.358°W; Figure 2) in August 2012 and September 2013. The Thompson River is a 
clear-water system, permitting the use of visual identification techniques, and multiple species of 
Pacific salmon migrate past the study site. This field site was developed in 1995 as part of an 
experiment to calibrate side-looking split-beam estimates of escapement developed at Qualark with 
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video analysis of migrating salmon (Enzenhofer et al. 1998). The study site is located on the right 
bank about 200 m below the Trans-Canada Highway bridge over the Thompson River and is 
accessible by road. The river is approximately 170 m wide and current velocity in the middle third 
of the river is approximately 3-4 m/s past the acoustic site. In-river equipment was deployed on a 
gradually sloping bench that extended approximately 35 m from the waterline along the right bank 
(Figure 2). The offshore end sloped steeply into deeper and faster waters. This location was chosen 
because it was used in 1995 to capture simultaneous video and split-beam acoustic data from 
Sockeye and Pink Salmon migrating upstream. 

2.2 Equipment Setup 

The deployment of in-river equipment consisting of a weir, walkway, observation platform, 
artificial substrate, and a pole-mount and ladder for the DIDSON system (Enzenhofer and Cronkite 
2005) was similar in 2012 and 2013 and was completed in two days. Three sections of support 
framing and walkways (each 3.7 m long) were erected beginning about 4 m off of the right bank and 
fencing was installed only on the weir section closest to shore (Figure 3). The two offshore sections 
were left open for fish movement because salmon were visually observed migrating within 10 m of 
the right bank in 2013. Our goal was to collect fish images simultaneously by synchronizing a 
standard DIDSON system operating in high-frequency mode (1.8 MHz) and underwater high 
definition digital video cameras (GoPro Hero2™ and Hero3™ HD models). The DIDSON system was 
deployed on a standard pole mount fixed to a ladder anchored into the substrate on the upstream 
side of the sectional weir and was placed about 2.5 m shoreward of the opening and aimed at a tilt 
angle of -8.5° relative to the water surface. An artificial substrate in the shape of the DIDSON field of 
view from 2.5 to 6.5 m away from the transducer was placed on the bottom in front of the DIDSON 
(Figure 4) to enhance the contrast between fish and the bottom substrate for the underwater video 
used for species identification. The artificial substrate was marked with fluorescent red paint along 
the center line and cross marks every 0.5 m, which were used to calibrate the aim of the 
underwater cameras and to provide  visual cues for the location of fish as they pass through the 
area ensonified by the DIDSON system.  

The DIDSON system was operated in high frequency mode at 10 frames/s, the maximum frame rate 
achievable for this gear. A window length of 5m, starting at a range of 2.5 m from the transducer 
and ending at 7.5 m, was used to achieve this frame rate. The DIDSON sonar time stamp was 
synchronized to the topside computer controlling the system as were the time stamps on the GoPro 
cameras used to record underwater video. Synchronization to the topside computer and recording 
event times provided an index for finding a specific event in both the acoustic and video files.  

The video cameras were attached to a pole mount affixed to the walkway at varying ranges from the 
DIDSON system (Figures 3 and 4) and were set 22 cm below the surface and aimed to look at an 
area centered on 4.0-4.5 m from the DIDSON system or 6.5-7.0 m from the DIDSON system. The 
video cameras were programmed to record continuously at 30 frames/s and 1080 p resolution 
until the memory card (32 GB) was full or declining battery voltage terminated the recording 
process. Since the GoPro digital cameras could not be viewed in real-time, we used a Crystal Cam™ 
camera system (Inuktun Services Ltd.) attached to the pole mount to aim the cameras and monitor 
fish passage in real-time. The Crystal Cam system was not used to record video files because it has a 
smaller field of view than the GoPro cameras and is a proprietary self-contained system. The aim 
and field of view of the GoPro cameras was calibrated with a pole that was set on the center line 
cross marks of the artificial substrate sequentially from left to right and recording the distance from 
the DIDSON and time each mark was touched.  
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Surface water velocity through the DIDSON field of view was estimated at 1-m intervals from at 
distances of 3 to 7 m range from the DIDSON transducer (Figure 5). The measurements were 
compiled by timing a floating bark-chip over a 5-m distance. Final estimates of velocity are based on 
at least two timings within ± 5% of each other. Although the absolute estimates of surface velocity 
probably do not reflect the velocities experienced by fish swimming lower in the water column, we 
assume that the relative change in surface velocity from near-shore to offshore is representative of 
the nearshore-offshore change in velocity in the water column over the artificial substrate. 

2.3 Data Collection  

Data collection in 2012 targeted Sockeye and Chinook Salmon and was conducted 17-24 Aug 2012. 
Returns of Chinook and Sockeye Salmon were relatively low in 2012 and migrating Salmon-sized 
fish were detected with the DIDSON swimming offshore about 10 m beyond the end of the 
walkway/weir (Figure 3) in waters that were too deep (> 3m) and fast to safely deploy in-river 
equipment. The DIDSON system was moved to the end of the walkway to capture images of 
migrating fish at high frequency (1.8 MHz) for 1.5 days with the system deployed in a standard 
horizontal configuration (near the surface and aimed perpendicular to the flow and tilt angle of -
7.5° relative to the water surface) and 0.5 days with the DIDSON rolled 35° clockwise relative to an 
observer standing behind the system, consistent with the deployment configuration used at the 
Qualark site on the mainstem of the Fraser River (Enzenhofer et al. 2010). However, these acoustic  
images were obtained beyond the range at which video images could be recorded for visual 
identification. All files were obtained during daylight hours between 08:00 and 17:00. 

Data collection in 2013 focused on obtaining simultaneous video and DIDSON images of migrating 
Chinook, Pink, and Sockeye Salmon and was conducted from 16 September to 29 September 2013. 
All data files were collected during daylight hours between 08:00 and 17:00. Chinook, Pink, and 
Sockeye Salmon abundances were higher than observed in 2012 and all species were migrating 
within 10 m of the right bank, making them accessible to both the DIDSON and video gear. The 
video files were reviewed independently by two analysts on a daily basis to estimate species 
sample sizes and location in the file based on time. Species was assigned to an image when both 
analysts agreed on species identity. When there were differences in the initial review, the analysts 
jointly reviewed the image(s) to resolve and assign a species identity. 

A more thorough review of the 2013 video data to confirm species identification, the range of 
passage from the DIDSON transducer, and the time stamp of each fish in the video was completed 
well after the data collection period. Each identified image was assigned a fish identification 
number (FIN) and this number was used in all subsequent analyses to ensure that processing and 
extraction of swimming-related attributes from the DIDSON images was not informed by 
knowledge of species identity, i.e., was conducted blindly. The video files were synchronized  with 
the DIDSON in the Echoview acoustic software (Ver 5.3.45) files based on time stamps and DIDSON 
images of known species were identified and selected for further analysis based on the following 
criteria:  

1) confidence in the visual species identification;   
2) confidence in the matching of visually identified fish and acoustic images,  
3) at least three consecutive tail beat cycles observed, and  
4) the quality of the tail beat pattern on the DIDSON echogram.  

A region was marked around selected DIDSON images in Echoview and labelled with the FIN 
assigned during the video review process. These regions were exported from Echoview and 
forwarded to an independent analyst along with the DIDSON source files for data extraction, using 
the FIN to cross-reference between the video and DIDSON images. 
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2.4 Data Extraction 

DIDSON data collected in 2012 and 2013 were preprocessed in the DIDSON Viewer software 
(V5.25.43) to remove static background images and empty frames. The parameters chosen for the 
empty frame removal process (Convolved Samples Over Threshold - CSOT) (Table 1) were 
conservative to ensure that frames from fish traces/tracks were not removed. The resulting files 
were loaded into Echoview (Ver 5.3.45), together with the region definitions labelled with FINs 
created separately to locate the fish images selected for analysis.  

Data analysis in 2012 focused on extracting estimates of TBF, morphometric, and track parameters 
from the DIDSON images in both the standard and rolled deployment configurations. We estimated 
the length of each fish image from which TBF data were extracted using the semi-automated box-
tracking tool in Echoview. The entire trace of a fish was reviewed and a series of frames were 
selected in which the corresponding clusters detected by the multibeam-target detection algorithm 
provided a good match to our visual perception of the fish images. These frames were tracked with 
the alpha-beta tracker (Blackman 1986) implemented in custom software (Pacific Eumetrics 2002) 
and the ID number assigned by the tracker was added to the tail-beat information as a common 
identifier linking TBF and length data.  

Fish lengths are estimated in DIDSON based on the number of adjacent beam samples occupied by a 
fish and the width of the beams at range. When the DIDSON is in the rolled configuration, fish cross 
the beams along the hypotenuse of a right angle triangle with a  35° angle, which means that fewer 
beams will be occupied and the measurement of length will be about 18% shorter (ratio of width of 
rolled beams occupied/width of non rolled beams occupied at same range) than is true. Estimated 
fish lengths when the DIDSON was in the rolled configuration were corrected as follows: 

Standard length = rolled length x 1.18 

Tail-beat and automated length data and the following image and track variables were compiled for 
363 and 85 fish images with the DIDSON in the standard horizontal deployment and rolled 
deployment, respectively:  

• Thickness_Mn - the maximum range (interval) covered by the outline of samples per beam in 
the target; 

• RExtent_Mn - the range difference between the shallowest sample and the deepest sample in 
the target;   

• TS_mean - mean compensated target strength of all the single targets within the domain 
which was analyzed (dB re 1m2); 

• Speed_2D_mean_unsmoothed - mean speed between adjacent targets in a track measured in 3 
dimensional space, ignoring angle data (m/s), calculated as the accumulated distance 
between targets divided by the total time; 

• Tortuosity_2D - sum of the distances in a track divided by the distance from the first to last 
target in the track, using only time and range information; 

• Distance_2D_unsmoothed - sum of the distances in a track divided by the distance from the 
first to last target in the track; 

• Target_length_mean - the estimated target length for each single target exported, calculated 
using the maximum distance between any two samples in the target; 

• Angle_Mn_Adj - the Minor-axis angle of a single target (degrees); 
• RelThick_Mn – thickness of a cluster of beam samples relative to its length measured as a 

straight line from the first to the last beam covered by the target (area/length2); 
• Num_targets - the number of single targets in a track which was analyzed; 
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• Target_range_mean - the mean range of all the single targets within a track (m); 
• Target_range_max - maximum range of all the single targets within a track (m);    
• Target_range_min -minimum range of all the single targets within a track (m); 
• Target_length_across_beams - the length across the target when the midpoints between the 

shallowest sample and deepest sample in each beam traversed by the target are joined; 
• Speed_4D_mean_unsmoothed - mean speed between adjacent targets in a fish track region 

measured in 3 dimensional space, using angle data (m/s) and calculated as the accumulated 
distance between targets divided by the total time; 

• Direction_vertical_adj -  vertical direction of a vector drawn between the first and last target 
in a fish track region (degrees); 

• Abs_Fish_Track_Change_In_Range – absolute value of the change in range of a fish track (m);   
• Tortuosity_3D - sum of the distances in a track divided by the distance from the first to last 

target in the track, using time, range, and minor and major axis angular position information; 
• Distance_3D_unsmoothed - the sum of the distances between adjacent targets in a fish track 

region measured in 3 dimensional space, using angle data (m); 
• Orientation - the angle between the length measurement axis and a line perpendicular to the 

transducer axis;     
• Range_Mn   
• Length_Mn 

Three attributes were measured on each fish with positive species identification in 2013:   

(1) tail-beat frequency (tail-beats/s),  
(2) body length (cm), and  
(3) body flexion at maximum tail-beat (%). 

Tail-beat frequency is a measure of the number of cycles per unit time made by the caudal fin 
during swimming, where a cycle consists of tail movement from one side of the body to the other 
and back to the starting point. Body flexion is measured as the fraction of the body that oscillates 
during the swimming motion and captures both the amount of curvature in the body and the 
proportion of the body oscillating. 

Tail-beat frequency (TBF) measurements were made on the maximum intensity echogram, which 
plots the maximum intensity of all 96 beams for each range sample (e.g., Figure 6), in Echoview. A 
box was drawn around three consecutive tailbeat cycles to mark the start and end times (Figure 6) 
and this period was divided by 3 to obtain TBF (tail-beats/s). Each TBF measurement was rated for 
image pattern quality: 1 - excellent; 2 - good; 3 - moderate; 4 - marginal. The “excellent” rating 
means that the tail beat pattern had high contrast and was unambiguous. A rating of “good” 
indicates that the tail beat pattern had high contrast but the measurement could be off by a single 
frame, which affects the time variable used to calculate frequency. A “moderate” or “marginal” 
rating was given to tail beat patterns that were successively more ambiguous because of noise,  
adjacent or superimposed fish traces that interfered with the tail-beat pattern of the fish to be 
measured. Fish whose tail-beat patterns were too ambiguous for any meaningful tail-beat 
measurement were rejected and excluded from further analysis. 

The body flexion measurement (the percent body flexed during swimming) assumes that the fish 
body can be described approximately as two straight lines corresponding to a head section and a 
tail section, with a varying angle (flex) between the sections during the swimming motion (Figure 
7). The images used were those in which the tail-beat was maximal. A "backbone" of user selected 
points was placed along the mid-line of a fish image. The horizontal positions of the points were 
selected to be equally spaced and representative of the overall curvature of the fish. The vertical 
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position of each point was chosen as the mid-point between the uppermost and lowermost visible 
(non-black) pixels in the image (see Figure 7). Linear regressions were fitted to these points using R  
(Ver 3.1.1) to define lines representing the head and tail sections. We found that 60% of the points 
near the head and 35% of the points near the tail were optimal for fitting these lines and applied 
this ratio of points to all fish images from which body flexion was estimated. The distance from the 
closest approach (range) to the intersection point of the lines was calculated for both the head line 
(DH) and the tail line (DT) as shown in Figure 7. The percent flex of a fish was calculated as: 

 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (%) =
𝐷𝐷𝑇𝑇

(𝐷𝐷𝐻𝐻 +  𝐷𝐷𝑇𝑇)
 𝐹𝐹 100. 

 

The length of a fish in the images from which tail-beat frequencies were extracted was estimated 
either automatically or manually from visually selected frames. Auto-measurements of length were 
made when the target detection algorithm in Echoview (parameters listed in Table 1) provided a 
good match with the fish image on-screen. The frame with the best match was manually picked for 
the measurement. In contrast, fish for which the target detection algorithm could not capture a 
good image (e.g., fish that move through the beam at an oblique aspect angle which results in low 
intensity images) were measured manually by drawing a segmented line along the longest axis of 
the fish image.  

2.5 Data Analysis 

Two approaches were used for data analysis: first, principal components analysis (PCA) on fish 
morphometric and track data obtained from DIDSON images, and second, a k-nearest neighbour 
model (kNN) to classify DIDSON images based on length and swimming-related variables.  

PCA transforms the original variables into linear combinations of the original variables along new, 
uncorrelated axes in the directions of maximum variance, called the principal components 
(Legendre and Legendre 2012). PCA was performed on the correlation matrix of standardized 
(mean=0, standard deviation =1) variables collected in 2012 and 2013 to explore patterns in these 
datasets that might be used for species classification purposes. Principal components (PC) with 
eigenvalues exceeding 1.0 were extracted and retained as this is an indication that the PC accounts 
for more variance than one of the original variables in the standardized data (Guttman 1954), 
although Jackson (1993) notes that this approach may overestimate the number of non-trivial 
dimensions (PCs) due to sampling variation. A varimax rotation was used to project the original 
data matrix onto the retained axes, reducing the number of dimensions in the dataset to a more 
manageable number. The maximum variance is extracted along the first axis and the maximum 
variation uncorrelated with the first axis (or orthogonal to the first axis) is extracted on the second 
axis. PCA analyses were conducted using the PRCOMP function in base R (Ver 3.2.2; R Core Team 
2015). 

The kNN algorithm was used to construct a model to classify DIDSON images as Sockeye Salmon or 
Pink Salmon on the basis of length and swimming-related variables (body flexion, tailbeat 
frequency). kNN is a non-parametric machine learning algorithm that assumes the data are in a 
multi-dimensional feature space within which Euclidean distance between points can be calculated. 
A training dataset is used to calculate Euclidean distance vectors between points and associate a 
class label (here species) with each vector, i.e., the classification model. Class membership is 
assigned to an object as the class most common among its k-nearest neighbours. The choice for k is 
typically a small and odd integer in order to avoid the possibility of ties in assigning class 
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membership. A cross-validation analysis on the test dataset is used to evaluate the performance of 
the model for predicting class membership (i.e., species) of new observations based on the most 
common class among its k nearest neighbours. This classification analysis was conducted using the 
kNN function in the CLASS package of R (Venables and Ripley 2002).  

2012 

Fish in the DIDSON images from 2012 were split into two groups for analysis based on estimated 
length:  Group 1 consisted of fish with lengths <70 cm and Group 2 consisted of fish with lengths > 
70 cm. Whether these groupings correspond to species is unknown since there are no auxiliary data 
to corroborate species composition in the river. 

Separate PCAs were performed on data collected with the DIDSON system in the standard 
horizontal and rolled deployment configurations. We selected a subset of the morphometric and 
track variables (see Appendix 1) based on bivariate scatterplots of all variable combinations. The 
goal of this analysis was to evaluate whether easily obtained morphometric and track data provide 
a basis for identifying two or more groupings in either dataset based on common characteristics in 
the DIDSON images. 

2013 

Principal component analysis (PCA) was performed on morphometric data (see Appendix 1) 
recorded from Chinook, Pink and Sockeye Salmon to assess whether patterns in these data 
identified species groupings. The goal of this analysis was to evaluate whether these morphometric 
data are sufficient to predict species membership of DIDSON images of migrating Pacific Salmon. 

The k-NN nearest neighbour algorithm was applied to a subset of 20 Sockeye Salmon and 20 Pink 
Salmon (N = 40 total) DIDSON images that were randomly divided into a training dataset of 15 fish 
(N=30 for both species) and a test set of the remaining 5 fish (N=10 for both species). The training 
data were used to estimate distance vectors in the kNN model based on length, tail-beat frequency, 
and body flexion and assign class membership to each fish image. We used k = 5 neighbours so that 
each image was classified based on the larger number of neighbours in the three-dimensional data, 
ensuring that there are no ties between the two species categories. Since the data for each variable 
exhibited differences in scale (e.g., the maximum values for length and tail-beat frequency are >60 
and 4, respectively), each variable was standardized to a mean of 0 and unit standard deviation 
prior to analysis to ensure that they contributed equally to the calculated three-dimensional 
distance, excluding the possibility of scale-dependent results.  

We applied the classification model to predict species in the test dataset and report the results in a 
confusion matrix (or contingency table) as the mean prediction ±  one standard deviation based on 
1,000 replicates, sampled from the test dataset without replacement. The estimated number of 
unique combinations for a sample size of 5 is 15,504, which means that it is extremely unlikely that 
a significant number of identical test sets were generated during the resampling process. Accuracy 
of the classification model was estimated as Σ true Sockeye Salmon + Σ true Pink Salmon)/Σ total 
population and precision was assessed using the coefficient of variation (CV = mean 
prediction/standard deviation) of the predictions. We used the Mathews correlation coefficient 
(MCC) as a metric of the quality of the classifications because it takes into account true and false 
positives and negatives in binary classifications (Mathews 1975). MCC is a correlation coefficient 
between the observed and predicted binary classifications and ranges from −1 to +1, where +1 
represents perfect prediction, 0 no better than random prediction and −1 indicates total 
disagreement between prediction and observation. MCC is calculated from our data as: 
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𝑀𝑀𝑀𝑀𝑀𝑀 =  𝑇𝑇𝑇𝑇 𝑥𝑥 𝑇𝑇𝑇𝑇−𝐹𝐹𝑇𝑇 𝑥𝑥 𝐹𝐹𝑇𝑇
�(𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇)(𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇)(𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇)(𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇) 

 , 

where TS is Sockeye Salmon predicted to be Sockeye Salmon, TP is Pink Salmon predicted to be 
Pink Salmon, FS is Sockeye Salmon predicted to be Pink Salmon, and FP is Pink Salmon predicted to 
be Sockeye Salmon. 

3.0  RESULTS 
A total of 363 and 85 fish targets were identified in approximately 7 hours of DIDSON images 
collected in the standard horizontal orientation and about 4 hours of DIDSON images were 
collected with the transducer rolled 35° clockwise to mimic the deployment configuration at 
Qualark, respectively, in 2012. Approximately 80% of the fish images captured in 2 days were 
classified into Group 1 (< 70 cm) by the length criterion we used. Whether these groupings 
correspond to species is unknown since there were no auxiliary data (visual images) available for 
corroboration nor test fishing data to verify species composition in 2012. We presume that Chinook 
and Sockeye Salmon were the dominant species in the Thompson River based on information from 
acoustic escapement estimates made from mainstem of the Fraser River at Qualark and Mission.  

Pink salmon was the dominant species in the Thompson River during the September 2013 data 
collection period, accounting for 95% of the fish migrating upstream through our site. Chinook and 
Sockeye Salmon were also observed migrating singly or in groups of 2-3 individuals within an 
assemblage of Pink Salmon. A total of 134 high definition video files (1080 p) were recorded from 
which four Pacific salmon species (Chinook, Coho (O. kisutch), Pink, Sockeye) and Steelhead (O. 
mykiss) were identified. We categorized Chinook Salmon images into jacks and adults based on the 
expectation that the size range of jacks would overlap the size range of Sockeye Salmon in the 
Fraser River whereas adult Chinook Salmon should be distinguishable from all other species based 
on size alone. A total of 444 species images, consisting of 86 Chinook, 7 Coho, 192 Pink, 156 Sockeye 
and 3 Steelhead (Table 2), were identified in the video files and assigned a FIN for analysis. 
However, 138  of these images (31% overall)were rejected during tailbeat frequency analysis 
(rejection rates by species:  Chinook adult – 37%, Chinook jack– 29%, Coho - 29%, Pink - 11%, 
Sockeye - 50%, Steelhead – 50%). Rejection rates for Chinook and especially Sockeye Salmon are 
higher than expected. The most common issues that led to a rejection of  images from our analysis 
include the superimposition of traces from multiple crossing fish, irregular tail-beat patterns, and 
traces that were too faint for reliable estimation of tail-beat frequency.  

3.1 Principal Components Analysis 

2012 
The size range of fish captured with the DIDSON deployed in the standard configuration is larger 
(28-103 cm) than the size range of fish captured with the DIDSON deployed in the rolled 
configuration (28-76 cm; Figure 8). There is a significant negative relationship between tailbeat 
frequency and fish length in both DIDSON deployment configurations (P < 0.01) and based on an 
analysis of covariance, there is no significant difference in these relationships (P=0.68). However, 
the estimated fish length explained less than 20% of the variation in tailbeat frequency in both 
datasets.  

Principal components analysis was performed on a reduced dataset of 10 variables (Table 3). The 
first three PCs were retained for both the standard and rolled deployment data and explained 
78.2% and 83.9% of the variance in these datasets, respectively (Figure 9). The first PC has 
moderately positive loadings (0.4-0.5) of variables associated with size and shape, while PC2 has 
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moderately positive loadings of variables describing the track of a fish through the DIDSON field of 
view while PC3 has moderately negative loadings of variables associated with the range of fish 
passage through the DIDSON field of view. Loadings on PC1 were similar for the rolled dataset, but 
were somewhat stronger on PC2 and PC3. The strongest loadings on PC3 from the rolled dataset 
were negative, in contrast to the standard dataset. In addition, the strongest estimated loading in 
both datasets was the negative tailbeat frequency loading on PC3 in the rolled dataset.  

The distribution of the samples in the new ordination space, i.e., a rotation of our original variable 
space, was plotted for the standard data to evaluate the separation of fish into groups based on size 
(Group 1 ≤ 70 cm; Group 2 > 70 cm; Figure 10). There is considerable overlap between the two size 
groups based on PC1 and PC2 (which captured 61.3% of the variation in the original data) is 
incomplete. Fish in Group 2 tend to be more strongly associated with size/shape traits on PC1 
whereas fish in Group 1 tend to display roughly equal variability along both PC axes. Although 
better separation among the size groups may be apparent in the rolled data (Figure 11), the 
number of fish in Group 2 was low (19/85) and they may not capture the full range of variability in 
the variables for this group, resulting in the odd plot.  

2013 
PCA was performed on seven variables in 2013 (TBF, Target_range_mean, Angle_Mn_adj, 
Target_length_mean, Target_area, Target_thickness, Target_length_across_beams) from Chinook, 
Pink, and Sockeye Salmon and three PCs were extracted accounting for 71.4% of the variance in the 
data (Figure 12). Length, area, and thickness had moderately strong negative loadings on PC1, 
which accounted for 38.8% of the variance, while angle and range extent had a moderate strong 
positive loadings on PC2 (17.2% of variance) and tailbeat frequency was the only variable that 
loaded strongly on PC3 (15.4% of variance; Table 4).  

A broad cloud of points and no clearly discernible groupings corresponding to species is observed 
when the morphological data were projected onto PC1 and PC2 (Figure 13). Reducing the 
dimensionality in the data did not result in clear separation among the three Pacific Salmon species 
based on their measured morphological attributes. Coho Salmon (N=5) and Steelhead (N=1) were 
excluded from this analysis. 

3.2 Image Classification 

Bivariate plots of swimming motion variables for 20 Sockeye Salmon and 20 Pink Salmon (length, 
tailbeat frequency, body flexion) do not show strong separation based on these variables between 
the species (Figure 14). The performance of the kNN model based on swimming variables is 
quantified in Table 5, which shows that overall accuracy of the model was low at 47.8% and that the 
estimated MCC is -0.04676, which means the model predictions are no better than random. Each of 
the four possible outcomes in Table 3 is predicted with a high degree of precision since the 
standard deviations of predictions are small relative to the means (CV <2%). The classification 
model underestimates the number of Sockeye Salmon (3.0050) and overestimates the number of 
Pink Salmon (6.995) relative to the expected or true number of 5 for each species (Table 5). Fewer 
Sockeye Salmon were correctly predicted (27.9%) than correct predictions of Pink Salmon (67.8%). 
This difference in correct predictions is important because Sockeye Salmon are the target for 
management.  

4.0 DISCUSSION 
The extraction of tail-beat patterns and other features of the swimming motion from DIDSON 
images can be accomplished for large datasets of salmon-size fish collected in steady flow 
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conditions with minimal turbulence using the procedures that we applied to the Spences Bridge 
data. A frame rate that is at least twice the tail-beat frequency is needed to successfully extract 
tailbeat information (Muller et al. 2010)  and this threshold was achieved in 2012 and 2013 
because we were sampling to a maximum range of 7.5 m at 10 frames/s on average. The extraction 
of body curvature information as well as tail-beat frequency in the present study follows from the 
observation by Muller et al. (2010) that the periodic appearance of the tail in echograms 
constructed from DIDSON images is consistent with the changes in the body curvature that 
accompany each tail-beat cycle. Both features were expected to be important evidence supporting 
species identification among Salmon species that are similar in shape and overlap in size in the 
Fraser River.  

Both the PCA and image classification analysis produced consistent results: there is nothing in the 
2012 and 2013 datasets that permits clear and consistent groupings of fish in DIDSON images 
based on size, shape, and track variables. Hughes’ (2004) wave-drag model predicts that large 
salmon such as Chinook Salmon should migrate upstream further from the bank than smaller 
species such as Sockeye Salmon and Pink Salmon to reduce wave drag, the resistance associated 
with the generation of surface waves when swimming close to the surface. Based on this model and 
in-situ observations that Chinook Salmon tend to swim further offshore than Sockeye Salmon (e.g., 
Holmes et al. 2006), we expected that variables such as fish length and range from the transducer 
might have relatively strong discriminating power for defining groupings in the PCA results in one 
or both years of data collection. While three PCs account for a relatively high proportion of the total 
explained variance in these data, the weak correlations between measured variables and the 
principal components in both years point to substantial residual noise (variability) in the datasets. 
The absence of a clear pattern in either year means that the relevant variables were not included in 
the analysis.   

The image classification model based on tail-beat frequency, body length, and body flex produces 
precise (low standard deviations around mean predictions in Table 5) but inaccurate predictions of 
Salmon species. The estimated Mathews correlation coefficient was -0.0468, which means that our 
predictions were no better than random guesses. The model underestimates the number of Sockeye 
Salmon (3.005 on average) and overestimates the number of Pink Salmon (6.995 on average) 
relative to the true predictions (5 for each species). This limited species discrimination power is 
evident in the classification table (Table 5), which shows a strong positive correlation between the 
top (Sockeye) and bottom (Pink) rows. There would be less vertical agreement between the rows if 
species discrimination power was greater.  

Our predictions of class (species) membership were equivalent to random guesses (M = -0.0468) 
with high precision because of the bias towards Pink Salmon (Table 5). The morphometric, track 
and swimming motion variables that we used in our analyses have little discriminatory power to 
predict species composition in DIDSON images and despite several potential modifications to 
improve accuracy, minimal gains in performance seem likely given the data available from Spences 
Bridge. When the classification error is consistent (see Table 5), a correction for the predictions in a 
given category could be derived algebraically post-hoc (Mueller et al. 2008). However, this 
approach is unlikely to be a satisfactory with our data given the low accuracy and bias in the 
predictions. The poor performance of the classifier reported here could be the obtained if the 
classes (species) were separated in other dimensions (variables) that were not measured, contrary 
to the evidence of separation among species based on tailbeat frequency reported by Mueller et al. 
(2010) and the reanalysis of the video data collected at Spences Bridge in 1995 (Figure 1). The 
overlap in the PCA scatterplots (Figures 10, 11, 13) is consistent with bias in the data collection or 
image selection procedures. 
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Correcting the pronounced bias towards Pink Salmon exhibited by the kNN classification model 
may be challenging because the classifier detects both species at consistent rates, regardless of the 
true species presented. The scatterplots of the variables used in the model (Figure 14) show a 
higher degree of clustering in the Pink salmon data than the Sockeye Salmon data. This clustering is 
particularly evident in the tailbeat-length (Figure 14A) and tailbeat-flexion (Figure 14B) plots. 
During the cross-validation testing of the model, points are randomly drawn from the entire sample 
space. Points chosen from within a cluster may have a greater probability of being correctly 
classified than stand-alone points and points drawn from within class clusters may more often be 
correctly classified than points from a different class near the cluster or points in sparse regions of 
the space shown in Figure 14. The tendency to clustering in the Pink Salmon data may create a 
“hostile” background for the Sockeye Salmon data, which tend to be more isolated, leading to 
inaccurate predictions. In addition, the clustering in the training dataset may by a symptom that 
these species are separated in other dimensions that were not measured here.  

The kNN model classifies unknown examples with the most common class among the k closest 
examples. If the number of samples available is infinitely large, then a large k will provide better 
classification as long as all k neighbours are close in space. This spacing criterion is achievable with 
an infinitely large number of samples, but usually the number of samples is finite and the choice of 
k may therefore be important to the results. The classification performance of the kNN model is 
affected by the sensitivity of the selection of the neighborhood size k, because the radius of the local 
region is determined by the distance of the kth nearest neighbour to the query and different k yields 
different conditional class probabilities (Gou et al. 2012). We used k = 5 neighbours so that each 
image was classified based on the larger number of neighbours in the three-dimensions. The 
smallest choice for k that could be used is 1, but the classification results are poor when k is small 
due to data sparseness and noisy, ambiguous or mislabelled points  (Venables and Ripley 2002). As 
k increases, samples that are too far away and from a different class are used to classify the 
unknown sample, resulting in predictions always conforming to the majority class. Choosing the 
optimal number of neighbours (k) is an ongoing challenge for this type of classification model 
(Hassanat et al. 2014). 

We used Euclidean distance (straight line distance) as our distance metric to find the nearest 
neighbour. Euclidean distance treats each variable as equally important in the calculation of 
distance. However, some variables (dimensions) may have more discrimination power than other 
attributes and should therefore be weighted more heavily in the kNN classifier (e.g., Gou et al. 
2012). We did not weight variables in the Euclidean distance metric calculation because we had no 
a priori knowledge on which to base a weighting scheme. Alternative distance metrics such as the 
Mahalanobis  or Minkowski metrics, have been shown to improve the performance of the kNN 
algorithm in some applications (e.g., Weinberger and Saul 2009). 

The absence of any discriminatory power in variables such as length and tail-beat frequency in our 
analyses is puzzling because we expected that size would be an important variable separating 
Chinook Salmon from the other species and that there would be differences in the range of tail-beat 
frequencies given the 1995 Spences Bridge video reanalysis results (Figure 1), and Mueller et al.’s 
(2010) findings. Here we briefly explore three study design issues that may be contributing factors: 
lack of cross-validation between DIDSON-based and visual observations of fish images, bias in the 
sampling of fish for our analysis, and the use of incorrect variables to classify images.  

First, Mueller et al. (2010) described a pattern within the echo traces of DIDSON images that 
resembled the shape of caterpillars with legs extending to one side, i.e., the "caterpillar pattern", 
which they related to tailbeats as Chinook and Sockeye salmon were migrating upstream in the 
Kenai River, AK, However, they were unable to cross-validate this pattern with visual observations 
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of the swimming motion because the Kenai River is turbid. Although we collected simultaneous 
high definition video at Spences Bridge for positive fish identification purposes, we did not perform 
a cross validation of the caterpillar pattern extracted from verified DIDSON images because the 
cameras were set at an oblique angle relative to fish passage. Estimating tail-beat frequency and 
body flexion of fish captured at an oblique angle in video would be challenging and was not 
attempted. The echo trace used to extract tailbeat and body curvature information is a function of 
body shape and swimming motion of a fish as well as the relative geometry between the transducer, 
the fish, and the fish’s trajectory (Muller et al. 2010). We controlled the relative geometry between 
the transducer and the fish, but the trajectory of a fish through the field of view was uncontrolled. If 
further effort to develop Pacific Salmon classifiers is contemplated, then we recommend conducting 
a cross-validation study of the accuracy of the caterpillar pattern for estimating TBF and the 
accuracy of body curvature measured by our body flexion variable in time and space during the 
swimming motion of fish swimming in steady mode. This kind of study is suited to the controlled 
conditions of a laboratory environment where cameras can be position directly overhead and 
perpendicular to swimming fish and it should consider evaluating the relationship between water 
velocity and swimming motion variables to understand whether water velocity at a site imposes a 
limit on the ability to use these variables in a species classifier for Pacific Salmon.   

Second, fish such as Pacific Salmon, which swim with an undulatory motion, generate propulsion 
through the oscillatory movements of the tail and the wave that passes down the body. The 
propulsive performance of the tail is controlled by changing the phase between  heave and pitch 
and the equivalent control mechanism for the body wave is the ratio of swimming speed U to the 
speed V of the body wave, or the slip (U/V) (Müller et al. 2002). The flow environment in which a 
fish is swimming influences the swimming motion of fish including the body wave and tailbeats. 
Fish swimming in steady flow environments generally exhibit lower lateral amplitudes of points 
along the body and shorter body wave lengths relative to fish in non-steady environments (Liao 
2007). Webb et al. (1984) found that tailbeat frequency but not tailbeat amplitude, is positively 
related to swimming speed of rainbow trout (O. mykiss) swimming at constant speed (steady 
swimming). In contrast, several biomechanical studies reviewed by Liao (2007) reported that fish 
in non-steady, turbulent environments alter both tailbeat amplitude and frequency, depending on 
the need for thrust. Although differences in tailbeat frequencies were observed in the present study 
and the 1995 video reanalysis, which might point to differences in water velocity influencing 
tailbeat frequency estimates, Muller et al. (2010) found that classifying fish images into two 
size/species groups in the Kenai River based on size and TBF was unaffected by the change in water 
velocity between rising and falling tidal cycles at their field site.  

The frame rate at which the DIDSON data are recorded is an important consideration when deriving 
TBF. A frame rate that is more the twice the expected TBF is recommended since lower frame rates 
will lead to aliasing (Mueller et al. 2010). Aliasing is an effect that distorting the caterpillar pattern 
causing it to be different from the true or original pattern when reconstructed from samples in a 
DIDSON echogram. There are visual differences between the relaxed swimming motion of Pacific 
Salmon in steady state and more strenuous efforts in faster water or when startled: TBF increases 
and the amplitude of tail oscillations decreases accompanied by a stiffening of the body and 
reduced flexion during swimming. We recorded DIDSON data at roughly 10 frames/s, which means 
that the highest TBF that can be represented by this frame rate without aliasing is 5.0 beats/s.  
Although this frame rate is believed to be sufficient to observe TBF without aliasing in 2013, the 
hypothesis that water velocity may have led to faster, lower amplitude tail-beats within and 
between species at Spences Bridge that were sufficient to obscure species-specific differences, 
cannot be ruled out. 
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Third, we used a systematic sampling design to collect the DIDSON and video images, from which 
fish images were selected for further analysis on the basis of our ability to match the DIDSON and 
video images in space and time. This approach assumes that each fish has the same probability of 
being included in the sample for further analysis as if a true random or systematic sampling design 
was employed. In practice, this assumption was not met since observations of Chinook and Sockeye 
Salmon were lower than Pink Salmon so all Chinook and Sockeye Salmon images were included in 
the pool from which samples were chosen for analysis. This selection approach may result in a lack 
of independence among observations and autocorrelation (Fortin et al. 1989). Autocorrelation 
leads to an overestimation of the precision of the results (e.g., the standard errors and confidence 
intervals are too small) because the real number of degrees of freedom is lower than the one used 
by the model. The high precision of the kNN classification results might be evidence of 
autocorrelation. 

Although our results for Pink and Sockeye Salmon do not support the hypothesis that differences in 
size and the tailbeat of Pacific Salmon species can be used to classify images to species, we cannot 
rule out the possibility that the Salmon species migrating in the Fraser River can be separated along 
other dimensions for classification purposes. Image processing and pattern recognition techniques 
have been successfully used to develop automatic classifiers of fish images in digital video. These 
approaches typically develop classifiers using large sets of morphological, shape, and textural traits, 
including patterns and colour, to distinguish among similar looking species (e.g., Eliassen 2012). 
Accomplishing this task usually means that the fish image is isolated from the background and all 
other objects in the frame to reduce noise and contamination effects on the feature extraction. This 
kind of approach may not be practical for estimating salmon species composition for escapement 
purposes since it could not be used in turbid environments, but it does show that there are other 
feature sets that may be extracted from DIDSON images that may lead to the development of a 
successful classifier. 

Although we commented on some facets of the study design (the usual approach in the face of 
negative results) above, we believe that our methodology for extracting TBF and body flexion data 
from DIDSON images is robust and was not limited by image resolution. These methods have 
potential for other species with different body types in different situations than we tested. We 
recommend directing effort into a cross-validation study of body curvature and tailbeat frequency 
data from DIDSON images using high definition video if further exploration of classifiers for Pacific 
Salmon species is contemplated.  Although the absence of evidence is not evidence of absence, we 
cannot rule out the possibility that classification of DIDSON images of Pacific Salmon to ascertain 
species composition is not possible with the variables that we tested. 
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Table 1. Summary of data collection and analysis parameters  and values applied to DIDSON images of Pacific salmon from Spences 
Bridge, Thompson River, in 2013. 

Procedure Parameter Value 

Data Collection Window Start (range from transducer) 2.5 m 
 Window length  7.5 m 
 Frame rate 10 frames/sec 

Data Analysis   
Background and empty frame removal Software DIDSON Version 5.25.43 

 Transmission Loss Correction (TVG) None (off) 
 Intensity Threshold 3.9 dB 
 Minimum cluster size (area) 40 cm2 
 Cluster persistence None (off) 

Tail-beat frequency extraction Software Echoview Version 5.4.90 
 Echogram type sample data, maximum intensity of all beams 
 Number of tail-beat cycles 3 

Fish length measurements Software Echoview Version 5.4.90 
 Smoothing Beam median filter 3 x 3 
 Data Threshold (applied after smoothing) 12 dB 
 Target Detection (Linking) on 
 Seed size 350 cm2 
 Satellite cluster 5 cm2 
 Link distance 10 cm 
 Link satellites on 
 Frame-picked Auto-measures Length, length across beams 
 Manual length On background subtracted unsmoothed image 
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Table 2. Summary of lengths, tailbeat frequencies, and swimming range estimated by species from DIDSON images. Data are from images 
from which tailbeat frequency was extracted (N=306). 

 
Images 

Rejected for 
Analysis (N) 

 
Length (cm)  Tailbeat Frequency 

(beats/s)  Median 
Image 
Quality 

 Range to Transducer 
(m) 

Species N Mean SD  Mean SD   Mean SD 

             
Chinook jack 14 22 50.5 9.0  2.6 0.6  2  3.9 0.6 
Chinook adult 22 29 53.4 6.4  2.4 0.6  2  4.1 0.7 
Coho 2   5 58.5 10.7  2.1 0.3  3  4.1 0.7 
Pink 21 171 49.7 5.0  2.5 0.4  2  4.2 1.1 
Steelhead 1   1 53.1   3.4   1  5.1  
Sockeye 78 78 51.0 9.0  2.6 0.5  2  5.2 1.5 
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Table 3. Original variable loadings on retained principal components from the standard and rolled 
DIDSON deployments in 2012. The strongest loadings on each axis are highlighted in bold. 

Variable PC1 PC2 PC3 

Standard Deployment 

Thickness_Mn 0.425391 -0.139683 -0.014886 
RExtent_Mn 0.418994 0.093989 -0.027334 
Target_length_mean 0.413697 -0.136710 -0.346777 
TS_mean 0.409115 -0.124319 -0.318858 
Abs_Fish_Track_Change_In_Range 0.236885 0.512409 0.158698 
Distance_2D_unsmoothed 0.233184 0.483429 0.179122 
Speed_2D_mean_unsmoothed 0.203794 0.426177 0.143938 
Range_Mn 0.235855 -0.343734 0.537843 
Target_range_mean 0.236215 -0.343148 0.537578 
TBF -0.203766 0.153986 0.347639 

Rolled Deployment 

Thickness_Mn 0.417943 -0.163234 -0.005564 
Target_length_mean 0.401559 -0.197664 0.235082 
TS_mean 0.406893 -0.176001 0.243985 
RExtent_Mn 0.368538 0.009897 0.232111 
Abs_Fish_Track_Change_In_Range 0.200967 0.564685 -0.023423 
Distance_2D_unsmoothed 0.188468 0.568513 -0.034314 
Speed_2D_mean_unsmoothed 0.256698 0.434874 0.082182 
Range_Mn 0.328929 -0.164089 -0.49356 
Target_range_mean 0.329313 -0.163698 -0.49276 
TBF -0.065181 0.135261 -0.58001 
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Table 4. Original variable loadings on retained principal components from the standard 
DIDSON deployments in 2013. The strongest loadings on each axis are highlighted in bold. 

Variable PC1 PC2 PC3 

Target_length_mean -0.4461381 -0.19715188 -0.3978502 
Target_area -0.5156891 -0.39103622 -0.02898364 
Target_thickness -0.4414033 -0.09339653 0.16706638 
Target_range_extent -0.3704245 0.43922642 0.1890636 
Angle_Mn_adj 0.2317621 -0.69899998 -0.19672784 
TBF 0.1609058 -0.31855028 0.77794595 
Target_range_mean -0.3512407 -0.12846715 0.36512628 
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Table 5. Classification table of Sockeye and Pink Salmon showing 
estimated success and errors of the model based on swimming motion 
variables. Responses for each prediction type are mean ± standard 
deviation based on 1,000 trials. 

  
Sockeye 
Salmon 

Pink    
Salmon 

Expected or 
True Value 
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± 0.0299 
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± 0.0299 
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Predicted 3 7 
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Figure 1. Tail-beat frequency histograms of Pink Salmon (top) and Sockeye Salmon (bottom) 
estimated from video recorded at Spences Bridge in 1995 (N = 150 fish measured). See Enzenhofer 
et al. (1998) for details. Approximately 82% of Pink Salmon tail-beat frequencies were greater than 
2.8 TB/s (vertical green line) and 82% of Sockeye Salmon tail-beat frequencies were less than 2.8 
TB/s. 
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Figure 2. Location of study site on the 
right bank of the Thompson River 
near Spences Bridge (lower panel), in 
the Fraser River watershed (upper 
panel). Yellow arrow in the lower 
panel shows the direction of water 
flow.
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Figure 3. DIDSON, weir, and underwater camera position on the right bank of the Thompson River, 
September 2013.
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Figure 4. Artificial substrate in the shape of the DIDSON beams placed on the 
bottom to increase contrast between fish and the bottom for video recording. 
Fluorescent red hash marks every 0.5 m are visible along the center line. 
View looking from the DIDSON system out to deeper water. Water flow is 
from left to right and fish migration is from right to left. Photo courtesy T. 
Whitehouse, DFO, Fraser River Stock Assessment, Kamloops, BC. 
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Figure 5. Estimated water velocity (m/s) map at the Spences Bridge field site. The area outlined in 
red is DIDSON beam. 
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Figure 6. Maximum intensity echogram showing fish trace and box  (blue dashed line) 
marking start and end frames of three consecutive tail-beat cycles. The red arrows denote 
consecutive tail-beats. This figure illustrates the caterpillar track with legs to one side 
described by Mueller et al. (2010) as tail-beats.
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A. 

 
B. 

 
C. 

 
 
Figure 7. Estimating body flexion on a Pink Salmon showing the image captured by the DIDSON 
viewer software (A), the head line and length estimate (DH) and tail line and length (DT) based on 
backbone points (B), and backbone points and estimated head and tail lines overlaid on the DIDSON 
image (C). 
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Figure 8. Relationship between tailbeat frequency and measured fish length extracted from 
DIDSON images of putative salmon collected using the standard (red) and rolled (blue) 
deployments in 2012 at Spences Bridge, Thompson River. 
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Figure 9. Percent variance in the original variables explained by principal components estimated for the standard and rolled DIDSON 
datasets collected in 2012. Horizontal red line is the amount of variance each variable would contribute if all contributed the same 
amount. 
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Figure 10. Bivariate plot of sample fish rotated into the new ordination space defined by PC1 and 
PC2 for data collected with the DIDSON in the standard deployment configuration. Ellipsoids 
correspond to size Group1 (≤ 70 cm) and Group 2 (> 70 cm). 
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Figure 11. Bivariate plot of sample fish rotated into the new ordination space defined by PC1 and 
PC2 for data collected with the DIDSON in the rolled deployment configuration. Ellipsoids 
correspond to size Group1 (≤ 70 cm) and Group 2 (> 70 cm). 
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Figure 12. Percent variance in the original variables explained by principal components estimated for the standard DIDSON dataset 
collected in 2013. Horizontal red line is the amount of variance each variable would contribute if all contributed the same amount.
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Figure 13. Bivariate plot of Chinook, Pink, and Sockeye Salmon rotated into the new ordination 
space defined by PC1 and PC2. Data points and ellipsoids corresponding to species are colour-
coded. 
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A. 

 

B. 

 

C. 

 

 

Figure 14. Bivariate plots of swimming motion variables showing (A) tail-beat frequency (TBF – beats/s) against length 
(cm), (B) tail-beat frequency against body flex, and (C) body flex against length. Sockeye Salmon data are shown in red and 
Pink Salmon data are in blue in all panels. Note that the data in these plots are not standardized. 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

17 Sockeye 0 2.9 4.68 manual 53.1      3.2 3 
18 Steelhead 0 5.1 3.02 auto 53.1 6.8 269.0 55.6 9.8 179.0 3.4 1 
19 Sockeye 0 5.1 -10.63 auto 39.2 8.8 151.0 41.2 13.7 172.9 3.0 1 
20 Pink 0 4.8 6.77 auto 46.5 4.9 151.8 48.1 8.8 177.9 3.4 1 
21 Pink 0 4.0 0.40 auto 54.9 5.9 151.8 56.7 7.8 174.7 2.0 1 
22 Pink 0 4.0 3.68 auto 47.9 4.9 148.0 49.1 9.8 1.9 3.0 1 
23 Pink 0 5.2 5.85 auto 63.7 7.8 287.0 64.5 21.5 156.1 2.7 2 
24 Pink 0 4.6 3.97 auto 49.1 6.8 200.7 50.5 8.8 170.0 2.9 4 
26 Sockeye 4            
27 Sockeye 0 4.2 5.30 auto 38.0 6.8 153.6 38.7 8.8 1.7 3.2 4 
28 Sockeye 0 5.6 -7.82 auto 41.2 4.9 104.3 42.5 17.6 165.1 3.2 1 
29 Pink 0 3.2 7.74 auto 44.0 4.9 94.7 45.6 16.6 13.0 2.6 1 
30 Pink 0 4.1 4.25 auto 52.4 5.9 191.3 53.9 8.8 0.8 2.5 1 
31 Pink 0 3.7 2.45 auto 45.8 5.9 147.7 49.1 11.7 8.1 2.5 1 
32 Sockeye 0 4.6 5.21 auto 42.3 4.9 144.9 43.1 6.8 170.7 3.0 1 
33 Sockeye 0 5.7 -6.42 auto 53.5 5.9 109.1 56.3 22.5 164.1 2.5 1 
34 Sockeye 0 6.2 -9.98 auto 36.9 6.8 117.8 38.1 20.5 159.6 2.7 1 
35 Pink 0 3.9 4.60 auto 52.7 7.8 235.5 54.0 10.7 3.8 2.3 1 
36 Pink 0 3.7 -1.42 auto 48.9 5.9 156.5 50.7 6.8 177.6 2.2 2 
37 Pink 0 4.3 2.45 auto 47.8 5.9 144.0 49.2 10.7 168.8 2.7 3 
38 Pink 0 4.9 7.65 auto 40.3 4.9 111.3 41.1 6.8 166.6 2.5 1 
41 Sockeye 0 3.6 2.03 auto 46.8 5.9 163.9 48.1 11.7 7.2 3.4 1 
42 Sockeye 2            
43 Sockeye 0 3.8 -1.90 auto 52.0 4.9 108.9 53.8 18.6 20.0 3.0 1 
44 Sockeye 4            
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

45 Sockeye 2            
46 Pink 0 4.3 2.76 auto 50.5 6.8 203.5 53.1 10.7 168.0 2.4 1 
47 Pink 0 3.4 0.45 auto 44.6 3.9 116.0 45.1 4.9 2.2 2.7 1 
48 Pink 0 3.9 -2.94 auto 51.1 7.8 165.6 52.0 7.8 179.9 2.5 1 
49 Pink 0 5.5 -8.22 auto 49.8 4.9 123.7 51.2 14.6 173.2 2.5 1 
50 Pink 0 3.7 -10.01 auto 52.1 10.7 297.4 56.7 14.6 1.2 2.5 2 
51 Pink 0 3.8 -7.55 auto 46.7 7.8 185.7 49.4 11.7 178.8 3.2 1 
52 Sockeye 0 4.1 6.70 auto 39.4 6.8 162.0 40.2 7.8 167.1 2.4 3 
53 Sockeye 3            
54 Sockeye 4            
55 Sockeye 1            
56 Sockeye 0 4.1 -7.98 manual 43.2      3.0 2 
57 Sockeye 3            
58 Pink 0 3.4 8.69 auto 48.9 7.8 158.0 50.0 8.8 177.4 2.5 3 
59 Pink 0 5.0 3.81 auto 49.0 5.9 99.3 51.0 13.7 162.2 2.3 1 
60 Pink 0 4.2 3.40 auto 49.1 5.9 154.4 51.4 6.8 176.1 2.7 1 
61 Pink 0 5.3 3.73 auto 50.0 5.9 171.4 52.0 17.6 12.4 3.0 1 
62 Pink 0 5.4 6.39 auto 50.3 7.8 202.1 51.0 12.7 3.3 2.5 1 
63 Pink 0 3.6 7.29 auto 49.4 5.9 196.1 51.3 14.6 4.6 2.3 2 
64 Chinook adult 0 4.7 6.89 auto 52.1 5.9 191.8 54.5 9.8 167.4 2.4 1 
65 Sockeye 0 4.3 8.79 auto 39.6 6.8 121.1 41.5 7.8 169.3 3.7 2 
66 Pink 0 5.9 2.82 auto 50.7 5.9 210.5 51.4 6.8 175.9 2.3 1 
67 Pink 0 5.1 6.09 auto 48.1 6.8 165.5 49.9 9.8 170.4 2.7 1 
69 Sockeye 4            
72 Chinook jack 0 4.6 -7.66 auto 40.8 5.9 165.0 42.0 9.8 15.9 2.4 2 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

73 Sockeye 0 3.8 -9.17 auto 57.5 5.9 226.0 62.2 7.8 13.1 2.2 1 
74 Chinook jack 0 5.3 6.43 auto 52.5 6.8 300.0 53.5 13.7 5.2 3.6 3 
75 Sockeye 0 3.8 5.54 manual 41.3      2.4 2 
76 Sockeye 3            
77 Sockeye 0 6.0 7.22 auto 41.5 3.9 114.6 42.1 6.8 178.3 2.7 2 
78 Pink 0 5.1 -4.90 auto 46.4 4.9 157.4 46.9 11.7 16.6 2.5 1 
79 Pink 0 3.8 3.51 auto 48.5 4.9 166.9 49.9 9.8 5.5 2.7 1 
80 Pink 0 5.8 3.33 auto 48.9 4.9 147.5 50.1 6.8 177.8 2.7 1 
81 Pink 0 5.0 5.26 manual 50.8      3.0 2 
82 Pink 0 5.1 5.74 auto 46.1 4.9 119.0 47.4 7.8 169.2 2.5 2 
83 Pink 0 5.9 3.92 auto 42.5 5.9 146.1 43.2 7.8 179.9 2.7 1 
84 Pink 0 5.5 3.81 auto 53.0 6.8 227.4 53.8 10.7 169.7 2.5 1 
85 Sockeye 0 5.0 -7.21 auto 56.8 6.8 212.7 59.1 11.7 14.9 1.8 3 
86 Sockeye 0 5.8 3.86 auto 41.9 5.9 147.0 42.9 7.8 2.6 2.7 2 
87 Chinook jack 0 5.5 3.69 auto 36.1 5.9 148.1 36.5 7.8 171.5 2.3 4 
88 Pink 0 5.0 0.91 auto 53.6 3.9 131.6 55.4 9.8 171.3 2.5 1 
89 Pink 0 4.2 8.31 manual 54.2      2.3 1 
90 Pink 0 5.4 1.51 auto 44.6 4.9 159.2 45.4 8.8 5.8 2.9 3 
91 Pink 0 5.1 5.01 auto 43.5 2.9 98.6 46.6 13.7 158.0 2.8 1 
92 Sockeye 0 6.6 -5.63 auto 54.4 7.8 264.9 55.6 18.6 169.7 1.9 1 
93 Sockeye 0 6.6 4.12 auto 49.7 5.9 156.9 50.9 19.5 154.9 2.9 3 
94 Pink 0 4.4 5.28 manual 50.5      3.0 1 
95 Pink 0 3.9 9.90 manual 56.4      2.9 1 
96 Pink 0 4.1 7.99 auto 41.6 4.9 76.5 43.8 6.8 167.6 2.4 1 
97 Sockeye 0 6.7 -5.55 manual 44.3      2.4 3 



APPENDIX 1 

41 

 

Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

98 Pink 0 5.6 4.69 auto 39.5 3.9 118.6 40.9 9.8 2.4 3.0 1 
99 Sockeye 0 6.9 -6.32 auto 39.6 6.8 163.1 40.5 12.7 171.8 2.7 1 
100 Pink 0 3.8 -9.93 auto 47.0 4.9 124.8 49.1 6.8 4.6 2.0 1 
101 Sockeye 1            
102 Sockeye 0 6.9 -8.92 auto 57.4 6.8 284.5 57.7 20.5 170.9 2.2 1 
103 Sockeye 0 7.0 6.90 auto 59.7 7.8 254.6 60.2 9.8 179.4 3.0 3 
104 Sockeye 0 6.2 8.77 auto 52.0 5.9 196.5 52.9 9.8 179.8 2.4 4 
105 Sockeye 0 7.0 -7.66 auto 54.8 9.8 274.4 55.5 18.6 168.5 2.2 1 
106 Sockeye 0 7.0 -5.59 auto 48.0 6.8 212.3 49.1 11.7 177.2 3.0 4 
107 Sockeye 4            
108 Pink 0 7.4 1.40 auto 65.2 8.8 321.1 66.2 12.7 170.7 2.4 1 
109 Pink 0 7.4 4.17 auto 53.0 6.8 261.0 54.0 14.6 166.1 2.3 3 
110 Pink 0 7.4 -7.19 auto 53.3 4.9 192.8 54.5 16.6 172.2 2.4 1 
111 Pink 0 7.1 -7.90 auto 57.0 7.8 270.0 59.0 14.6 179.5 2.7 1 
112 Pink 0 6.5 -5.96 auto 48.0 6.8 189.0 49.3 21.5 163.0 2.3 1 
113 Pink 0 6.8 -7.79 auto 50.5 6.8 210.8 51.7 11.7 179.8 2.5 1 
114 Pink 0 7.1 10.93 auto 49.5 4.9 168.7 50.3 6.8 170.0 1.9 1 
115 Sockeye 3            
116 Sockeye 0 7.2 -1.80 auto 59.1 5.9 260.7 59.5 7.8 5.2 2.6 4 
117 Sockeye 4            
118 Sockeye 0 7.0 2.78 auto 48.2 4.9 142.9 48.3 10.7 7.7 3.2 4 
119 Sockeye 1            
120 Sockeye 0 7.4 -4.09 auto 58.8 8.8 373.2 59.8 15.6 171.4 1.9 2 
121 Pink 0 7.1 10.01 auto 53.2 8.8 268.1 53.3 10.7 178.4 2.5 3 
122 Pink 0 7.2 9.17 auto 51.6 6.8 248.1 51.9 9.8 176.0 2.7 3 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

123 Pink 0 7.3 -7.99 auto 50.6 7.8 254.6 51.5 13.7 176.6 2.7 4 
124 Pink 0 7.0 -11.11 auto 51.5 6.8 224.9 52.2 15.6 175.5 2.2 1 
125 Pink 0 7.2 -0.58 auto 59.5 6.8 302.2 60.6 10.7 175.7 1.8 3 
126 Pink 0 7.1 -5.60 auto 47.5 7.8 229.6 47.2 15.6 167.3 2.5 1 
127 Sockeye 3            
128 Chinook jack 2            
129 Chinook jack 0 3.8 -5.27 auto 52.3 5.9 159.0 55.0 20.5 164.2 3.2 1 
130 Sockeye 2            
131 Sockeye 4            
132 Sockeye 3            
133 Pink 0 3.5 6.30 auto 47.1 3.9 98.9 47.7 5.9 176.2 2.8 1 
134 Pink 0 3.3 4.43 auto 54.8 5.9 180.4 56.5 6.8 175.1 2.0 3 
135 Pink 0 3.7 -9.87 auto 44.6 6.8 195.8 45.9 16.6 168.9 2.0 4 
136 Pink 0 4.0 -5.40 auto 46.5 4.9 134.1 48.4 7.8 4.9 2.5 4 
137 Pink 0 3.4 7.94 auto 41.3 5.9 135.7 43.0 6.8 174.5 2.5 4 
138 Pink 0 2.9 -7.62 auto 51.0 5.9 113.6 54.9 7.8 6.7 1.9 3 
139 Pink 0 4.0 2.47 auto 49.7 4.9 158.4 51.3 11.7 7.6 2.7 4 
140 Pink 1            
141 Chinook adult 0 4.4 -9.89 auto 51.2 5.9 171.5 53.3 13.7 179.5 2.9 2 
142 Sockeye 0 3.7 5.19 auto 56.4 5.9 197.7 60.0 20.5 158.8 2.5 2 
143 Chinook adult 4            
144 Chinook adult 1            
145 Chinook adult 0 3.7 -9.15 auto 48.1 6.8 161.6 50.2 7.8 8.5 1.9 4 
146 Chinook adult 3            
147 Chinook adult 0 3.4 5.47 auto 46.4 4.9 126.1 48.8 13.7 7.5 2.1 1 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

148 Sockeye 4            
149 Chinook adult 0 3.6 2.78 auto 59.3 7.8 275.7 60.7 10.7 171.8 2.1 4 
150 Pink 0 3.7 -8.15 auto 49.6 6.8 237.0 50.5 15.6 170.6 3.4 1 
151 Pink 0 3.0 -3.75 auto 41.5 3.9 80.0 42.7 3.9 4.4 3.7 3 
152 Pink 0 3.8 3.03 auto 50.7 7.8 239.6 52.5 9.8 177.9 3.0 4 
153 Pink 0 3.4 7.05 auto 46.6 5.9 153.1 47.9 16.6 10.8 2.7 1 
154 Pink 0 3.6 6.39 auto 53.5 5.9 189.0 57.7 17.6 6.1 2.3 1 
155 Pink 0 3.9 -5.01 auto 46.7 6.8 151.2 48.0 10.7 15.1 2.7 1 
156 Pink 0 3.9 5.72 auto 51.0 6.8 236.3 53.0 11.7 165.2 2.5 1 
157 Pink 0 3.1 -7.16 auto 52.9 5.9 114.5 55.8 11.7 15.9 2.3 1 
158 Pink 2            
159 Chinook jack 0 3.8 -4.31 auto 54.1 5.9 208.5 57.1 17.6 170.2 2.5 1 
160 Sockeye 0 3.2 -6.86 auto 43.9 5.9 93.3 46.8 7.8 2.1 1.8 2 
161 Pink 4            
162 Sockeye 3            
163 Sockeye 0 5.8 -3.76 auto 44.4 7.8 189.2 45.4 16.6 22.6 2.1 1 
164 Chinook jack 0 3.6 7.56 auto 42.9 4.9 110.6 44.2 12.7 159.5 3.4 2 
165 Sockeye 4            
166 Sockeye 0 3.2 2.66 manual 50.6      2.6 1 
167 Pink 0 3.6 0.01 auto 52.7 4.9 175.3 53.8 8.8 171.9 2.1 1 
168 Pink 1            
169 Pink 0 4.0 8.03 auto 50.8 4.9 173.8 52.1 6.8 169.4 2.0 1 
170 Pink 3            
171 Pink 0 3.2 5.33 auto 49.9 6.8 116.7 52.0 11.7 5.2 1.8 1 
172 Pink 1            



APPENDIX 1 

44 

 

Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

173 Pink 1            
174 Pink 0 3.6 3.53 auto 57.2 5.9 200.2 60.0 17.6 165.9 2.9 3 
175 Sockeye 2            
176 Sockeye 1            
177 Chinook jack 3            
178 Sockeye 2            
179 Pink 0 3.6 -10.19 auto 47.2 4.9 141.1 49.7 15.6 172.9 2.5 2 
180 Pink 0 3.6 4.82 auto 45.6 6.8 152.7 47.3 9.8 2.2 2.5 1 
181 Pink 0 3.6 7.82 auto 40.7 5.9 149.1 42.0 12.7 4.5 2.7 1 
182 Pink 0 4.1 1.75 auto 46.4 4.9 140.0 47.6 7.8 169.6 2.5 3 
183 Sockeye 1            
184 Pink 0 3.2 4.24 auto 44.8 3.9 76.0 46.8 14.6 158.7 2.5 3 
185 Pink 0 3.8 -8.97 auto 59.1 4.9 184.3 62.0 7.8 10.1 2.0 2 
187 Sockeye 4            
188 Chinook adult 0 4.4 -9.98 auto 57.6 8.8 236.0 59.6 11.7 4.7 1.9 3 
189 Sockeye 1            
190 Sockeye 3            
191 Sockeye 3            
192 Chinook adult 0 3.6 -9.58 auto 48.6 6.8 184.2 50.5 12.7 178.5 2.5 2 
193 Chinook adult 0 3.1 5.16 manual 57.4      2.1 1 
194 Chinook adult 0 3.6 1.30 auto 58.1 6.8 212.5 59.4 10.7 172.7 2.7 4 
195 Chinook adult 0 3.1 6.72 auto 43.1 4.9 118.1 44.4 7.8 171.3 2.3 2 
196 Sockeye 3            
197 Chinook adult 0 3.8 1.22 auto 65.7 6.8 182.4 69.5 18.6 166.5 3.2 2 
198 Chinook adult 1            
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

199 Chinook adult 4            
200 Pink 0 3.7 5.79 auto 53.9 6.8 206.7 58.2 9.8 176.6 2.5 1 
201 Pink 0 3.0 8.44 auto 39.6 4.9 111.4 41.3 8.8 177.5 2.7 4 
202 Pink 0 3.3 5.08 auto 50.4 7.8 196.3 52.0 9.8 167.8 2.5 1 
203 Pink 0 3.0 -7.05 auto 43.6 9.8 114.4 48.8 10.7 5.2 2.3 1 
204 Pink 0 3.1 -4.64 manual 58.8      2.4 3 
205 Pink 0 3.8 7.35 auto 56.6 7.8 269.0 58.3 8.8 178.3 1.9 1 
206 Pink 0 3.1 0.60 auto 51.2 4.9 90.5 53.9 8.8 179.7 2.3 3 
207 Pink 0 3.7 0.06 auto 59.4 3.9 152.9 60.8 14.6 167.7 1.8 3 
208 Pink 0 3.8 -1.21 auto 50.6 4.9 194.2 52.3 8.8 5.5 3.0 3 
209 Pink 0 3.6 1.81 auto 49.2 5.9 175.1 49.7 7.8 4.6 2.3 1 
210 Pink 0 2.8 3.32 manual 53.8      2.3 2 
211 Pink 0 3.6 -6.33 auto 51.4 6.8 190.2 53.8 16.6 169.0 2.4 1 
212 Pink 0 3.7 -6.73 auto 56.7 7.8 190.9 60.1 19.5 169.2 2.3 1 
213 Sockeye 2            
214 Sockeye 0 3.2 4.78 auto 44.3 4.9 144.5 46.0 6.8 170.1 2.5 4 
215 Sockeye 3            
216 Sockeye 4            
217 unknown 4            
218 Sockeye 3            
219 Sockeye 3            
220 Chinook jack 0 3.6 6.22 auto 35.3 5.9 118.7 36.5 13.7 155.9 3.7 4 
221 Sockeye 0 3.6 5.26 auto 54.6 5.9 162.5 55.9 17.6 158.4 1.6 4 
222 Sockeye 0 3.6 5.63 auto 39.4 5.9 112.2 39.6 14.6 153.3 2.3 4 
223 Sockeye 0 3.9 -4.77 auto 32.8 3.9 51.3 33.6 7.8 175.8 2.3 2 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

224 Chinook adult 3            
225 Sockeye 3            
226 Coho 0 3.6 5.42 auto 55.3 6.8 255.9 56.9 9.8 179.3 2.3 4 
227 Sockeye 4            
228 Chinook jack 0 3.6 -8.48 auto 59.5 5.9 204.0 62.8 20.5 171.8 2.3 4 
229 Chinook jack 0 3.6 -6.24 auto 59.4 4.9 141.3 60.2 21.5 166.6 2.1 4 
230 Chinook jack 3            
231 Chinook jack 4            
232 Pink 0 3.6 1.71 auto 51.2 5.9 187.7 52.0 8.8 172.5 2.0 3 
233 Pink 0 3.2 -0.25 auto 48.2 3.9 100.3 49.9 8.8 3.3 2.3 4 
234 Pink 0 2.9 5.48 manual 51.9      2.7 1 
235 Pink 0 3.6 -3.55 auto 36.5 4.9 109.2 38.2 11.7 167.8 2.3 1 
236 Pink 0 3.6 -6.94 auto 35.2 5.9 118.3 36.9 13.7 170.3 3.9 1 
237 Pink 0 3.8 4.79 auto 53.8 6.8 209.4 54.5 20.5 15.9 2.3 1 
238 Pink 0 4.0 2.81 auto 53.1 8.8 272.0 54.5 8.8 176.8 2.8 2 
239 Pink 0 3.4 4.26 auto 47.8 4.9 131.5 48.7 8.8 1.3 2.2 4 
240 Pink 0 3.1 1.25 auto 42.2 4.9 121.6 44.2 5.9 179.1 2.1 1 
241 Pink 0 2.9 -3.87 manual 53.0      2.7 1 
242 Pink 0 3.5 6.36 auto 49.4 4.9 160.0 52.2 9.8 174.4 2.4 3 
243 Pink 0 3.0 -8.46 auto 50.5 4.9 137.8 52.9 7.8 7.1 2.4 2 
244 Pink 0 4.3 -8.34 auto 46.7 7.8 166.9 49.8 10.7 16.6 2.5 3 
245 Pink 0 4.8 -5.23 auto 52.2 5.9 149.1 52.6 15.6 169.2 2.3 1 
246 Pink 0 3.5 5.93 auto 46.5 3.9 111.7 49.5 12.7 166.6 2.7 1 
247 Pink 0 3.5 4.69 auto 52.4 5.9 172.0 53.8 8.8 179.1 2.7 4 
248 Pink 0 3.1 -6.78 auto 40.9 4.9 89.5 42.4 10.7 18.4 2.5 1 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

249 Pink 0 3.6 -11.45 auto 51.7 18.6 204.9 60.2 24.4 163.2 2.4 3 
250 Pink 4            
251 Pink 0 3.8 8.37 auto 54.3 6.8 173.5 56.3 13.7 161.9 3.0 1 
252 Chinook jack 4            
253 Chinook jack 4            
254 Sockeye 4            
255 Sockeye 3            
256 Chinook adult 0 4.0 4.10 manual 52.3      2.7 1 
257 Chinook adult 4            
258 Sockeye 4            
259 Chinook adult 0 3.8 -3.14 auto 53.4 6.8 230.8 55.4 12.7 172.2 2.3 1 
260 Chinook jack 3            
261 Chinook jack 0 5.1 -8.96 auto 51.4 4.9 116.6 55.1 22.5 166.5 2.0 2 
262 Pink 0 5.9 -6.43 auto 54.5 8.8 273.0 55.6 17.6 171.4 2.5 1 
263 Pink 0 3.1 0.02 auto 50.3 3.9 105.9 52.7 10.7 2.8 1.6 1 
264 Pink 0 3.0 6.48 auto 48.9 4.9 97.5 51.6 7.8 174.1 1.9 2 
265 Pink 0 4.6 7.92 auto 46.3 6.8 166.6 47.4 16.6 8.9 1.9 1 
266 Pink 0 4.0 -5.68 auto 51.9 8.8 214.1 53.5 10.7 177.0 2.6 3 
267 Pink 0 3.9 3.18 auto 54.1 3.9 130.6 57.9 15.6 7.0 2.7 3 
268 Pink 0 3.9 1.36 auto 48.8 5.9 170.7 51.8 12.7 7.6 2.7 1 
269 Pink 0 3.2 -8.94 auto 44.1 6.8 127.5 47.5 7.8 2.0 1.9 1 
270 Pink 0 3.8 1.77 auto 45.7 5.9 101.9 47.9 13.7 164.7 2.1 1 
271 Pink 0 5.9 -6.64 auto 55.6 8.8 244.8 56.7 21.5 166.5 2.5 2 
272 Chinook adult 0 5.8 -8.31 auto 64.3 7.8 312.0 66.4 21.5 172.9 1.6 3 
273 Chinook jack 2            
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

274 Pink 0 6.1 -5.94 auto 46.5 6.8 182.5 48.7 17.6 169.7 3.0 1 
275 Pink 0 5.7 -5.43 auto 50.6 7.8 181.4 52.1 13.7 174.9 2.9 1 
276 Chinook adult 0 5.7 -8.75 auto 53.8 7.8 230.9 55.3 18.6 173.7 2.3 1 
277 Chinook adult 0 5.9 -8.36 auto 61.9 8.8 252.0 65.3 26.4 166.0 1.9 4 
278 Sockeye 0 7.0 -11.87 auto 42.3 6.8 161.1 41.9 25.4 158.2 2.6 2 
279 Chinook adult 0 3.5 -7.45 auto 43.8 9.8 187.9 46.4 9.8 177.0 2.6 1 
280 Pink 0 6.8 -10.44 auto 59.6 18.6 378.9 66.8 31.3 159.3 2.1 2 
281 Sockeye 0 6.3 8.97 auto 39.7 6.8 156.5 40.8 7.8 169.4 3.2 3 
282 Sockeye 4            
283 Pink 0 4.8 -8.86 auto 48.6 4.9 144.2 49.9 10.7 176.8 2.3 1 
284 Pink 0 5.5 0.42 auto 55.3 5.9 226.8 56.3 7.8 179.1 2.7 1 
285 Pink 0 4.8 -6.49 auto 38.0 4.9 110.1 38.5 12.7 170.2 2.3 1 
286 Pink 0 4.3 0.96 auto 46.9 8.8 176.1 47.9 13.7 165.4 2.5 1 
287 Pink 0 4.5 -9.18 auto 50.4 3.9 130.8 54.5 14.6 1.5 2.1 1 
288 Pink 1            
289 Pink 0 6.0 7.52 auto 50.0 8.8 224.0 51.3 11.7 162.1 2.6 3 
290 Sockeye 0 5.7 -6.11 auto 58.7 5.9 249.4 59.9 14.6 175.4 2.1 1 
291 Pink 0 5.3 6.60 auto 53.1 6.8 250.8 53.9 14.6 6.2 2.3 1 
292 Chinook jack 4            
293 Chinook jack 0 2.8 -4.78 manual 58.3      2.5 4 
294 Chinook jack 0 3.7 -1.08 auto 59.8 3.9 163.8 61.4 18.6 164.7 1.8 1 
295 Chinook jack 0 3.6 8.40 auto 53.1 8.8 225.0 55.2 9.8 173.2 2.7 3 
296 Chinook jack 1            
297 Sockeye 0 4.0 4.10 auto 42.7 6.8 191.3 43.5 8.8 174.4 2.6 2 
298 Chinook jack 0 3.7 -9.37 auto 53.7 8.8 252.2 56.1 9.8 11.0 2.4 2 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

299 Chinook adult 3            
300 Sockeye 3            
301 Rainbow 

Trout 
2            

302 Chinook jack 0 3.7 -7.25 auto 35.8 3.9 70.6 38.2 15.6 164.9 2.5 4 
303 Sockeye 3            
304 Pink 0 3.8 1.80 auto 51.2 7.8 230.3 52.5 9.8 179.6 2.7 1 
305 Pink 0 3.6 -4.45 auto 51.3 5.9 152.2 53.0 14.6 171.3 4.2 1 
306 Pink 2            
307 Pink 3            
308 Pink 0 3.7 1.70 auto 45.7 5.9 195.7 47.2 12.7 167.9 2.7 1 
309 Pink 1            
310 Pink 0 2.6 5.53 manual 52.6      2.4 2 
311 Pink 0 3.8 2.66 auto 55.7 6.8 198.5 58.4 14.6 168.7 2.7 2 
312 Pink 0 3.6 -9.05 auto 50.1 7.8 209.8 53.4 11.7 2.6 3.2 3 
313 Pink 0 3.1 -0.26 auto 49.5 4.9 143.6 52.3 5.9 1.0 2.3 2 
314 Pink 0 2.7 4.88 auto 49.0 4.9 97.7 51.3 8.8 179.9 2.5 2 
315 Pink 0 3.7 8.90 auto 51.8 6.8 214.5 54.8 11.7 160.9 2.3 1 
316 Chinook jack 3            
317 Chinook jack 0 3.2 5.11 manual 59.0      1.8 1 
318 Chinook jack 2            
319 Chinook jack 0 4.2 -9.08 auto 33.2 12.7 170.8 38.3 12.7 3.9 2.5 2 
320 Chinook jack 3            
321 Sockeye 0 3.2 6.73 manual 45.1      3.7 3 
322 Sockeye 4            
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

323 Chinook jack 0 3.7 -7.40 auto 57.8 8.8 218.3 60.4 22.5 164.8 2.4 1 
324 Pink 0 3.9 8.96 auto 46.4 6.8 200.6 47.9 8.8 172.0 2.8 2 
325 Pink 0 3.1 -8.14 auto 43.6 2.9 80.7 45.3 9.8 15.4 2.2 1 
326 Pink 0 3.6 -5.88 auto 56.5 7.8 248.2 59.6 11.7 178.0 2.1 1 
327 Pink 0 3.7 -8.32 auto 47.2 8.8 182.4 50.5 9.8 8.1 1.9 2 
328 Pink 0 3.1 0.24 auto 41.8 4.9 98.8 43.0 5.9 176.5 2.2 3 
329 Pink 1            
330 Pink 0 4.5 -6.89 auto 47.6 5.9 109.5 48.8 18.6 164.9 2.5 1 
331 Pink 0 3.7 2.46 auto 56.7 5.9 160.7 60.7 13.7 169.4 2.5 1 
332 Chinook adult 1            
333 Sockeye 2            
334 Sockeye 0 3.5 3.16 auto 58.3 6.8 212.0 60.3 13.7 168.3 2.5 1 
335 Chinook adult 2            
336 Chinook adult 1            
337 Chinook adult 2            
338 Sockeye 0 3.7 6.64 auto 44.2 6.8 169.8 45.9 10.7 162.7 2.4 2 
339 Sockeye 4            
340 Sockeye 2            
341 Sockeye 2            
342 Sockeye 0 3.6 -1.43 auto 42.6 3.9 111.2 43.7 7.8 174.8 2.7 2 
343 Pink 1            
344 Pink 2            
345 Pink 0 3.1 -2.63 auto 49.2 4.9 104.3 51.8 12.7 170.9 2.5 1 
346 Pink 0 3.5 3.06 auto 46.5 4.9 163.2 47.7 6.8 175.6 2.5 1 
347 Pink 0 3.2 -5.48 manual 35.6      2.6 1 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

348 Pink 2            
349 Pink 0 4.3 5.92 auto 50.4 6.8 186.6 52.6 11.7 165.1 2.5 1 
350 Pink 0 3.8 3.56 auto 48.6 7.8 204.6 50.2 11.7 169.3 2.1 1 
351 Pink 0 3.6 -2.99 auto 49.0 5.9 129.2 51.7 16.6 165.1 2.3 2 
352 Pink 0 3.8 -2.76 auto 44.8 4.9 107.7 46.5 11.7 172.4 2.1 1 
353 Pink 0 3.8 -2.79 auto 52.0 5.9 169.3 53.7 11.7 174.7 2.6 1 
354 Sockeye 4            
355 Sockeye 0 4.0 6.55 auto 69.9 8.8 378.5 73.1 11.7 172.5 2.3 1 
356 Coho 2            
357 Sockeye 0 4.6 -7.34 manual 60.2      2.5 4 
358 Sockeye 0 3.6 -7.88 auto 49.6 6.8 173.6 54.6 12.7 178.0 2.6 3 
359 Sockeye 4            
360 Sockeye 4            
361 Sockeye 0 4.0 -6.60 auto 37.6 5.9 174.0 39.0 11.7 176.0 3.0 1 
362 Pink 0 4.5 4.46 auto 44.8 3.9 120.6 49.2 8.8 169.3 1.9 1 
363 Pink 0 4.3 0.98 auto 46.2 5.9 162.9 47.1 9.8 170.1 2.5 1 
364 Pink 0 3.8 -9.34 auto 49.5 4.9 117.8 51.7 16.6 172.7 2.6 1 
366 Pink 0 4.1 5.28 manual 52.0      2.4 1 
367 Pink 0 4.0 3.71 auto 61.7 7.8 261.0 64.2 10.7 176.7 2.1 1 
368 Pink 0 3.6 4.74 auto 52.3 6.8 206.8 54.6 13.7 168.6 2.1 2 
369 Pink 2            
370 Pink 0 3.0 6.96 auto 47.5 3.9 98.7 49.4 8.8 177.5 2.5 2 
371 Pink 0 3.8 -7.59 manual 44.1      2.4 2 
372 Pink 0 3.6 -8.54 manual 51.5      2.5 1 
373 Pink 2            
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

374 Pink 0 4.0 5.09 auto 56.0 5.9 222.0 58.0 12.7 166.8 2.3 1 
375 Pink 0 4.0 -4.15 auto 55.4 7.8 243.3 56.2 12.7 177.3 2.0 1 
376 Pink 0 3.6 -6.22 auto 53.2 7.8 221.6 55.2 11.7 178.1 2.1 1 
377 Pink 4            
378 Chinook adult 0 4.0 6.32 auto 54.5 6.8 232.6 55.8 11.7 163.6 2.1 2 
379 Pink 0 3.9 -5.56 auto 54.5 8.8 221.7 55.4 10.7 176.3 2.7 1 
380 Pink 0 3.9 9.28 auto 49.8 5.9 174.9 51.3 11.7 162.2 2.5 1 
381 Chinook jack 0 3.8 2.84 auto 60.3 6.8 244.1 63.3 10.7 178.7 2.3 1 
382 Sockeye 0 4.2 7.29 auto 39.2 5.9 135.2 41.1 9.8 160.0 3.2 1 
383 Chinook jack 0 3.9 -4.51 auto 56.6 6.8 231.0 58.8 14.6 175.0 3.0 1 
384 Sockeye 0 4.1 -1.99 auto 51.0 6.8 137.3 52.7 13.7 171.2 2.4 2 
385 Sockeye 0 5.4 -10.90 auto 60.6 6.8 212.8 62.2 16.6 176.2 1.3 4 
386 Chinook adult 0 5.2 6.29 auto 46.1 5.9 139.3 48.4 12.7 166.4 2.5 1 
387 Chinook adult 2            
388 Sockeye 4            
389 Sockeye 4            
390 Sockeye 2            
391 Sockeye 2            
392 Sockeye 0 4.5 5.93 manual 59.6      4.2 4 
393 Chinook adult 0 4.5 4.67 manual 54.2      4.6 2 
394 Pink 0 3.9 -9.92 auto 47.5 7.8 234.9 49.4 12.7 19.3 3.4 1 
395 Sockeye 0 6.6 -8.90 auto 51.5 6.8 236.6 52.6 18.6 170.9 3.4 1 
396 Sockeye 0 6.9 2.92 auto 63.9 13.7 415.8 65.9 13.7 3.9 2.1 3 
397 Sockeye 0 7.3 -7.35 manual 68.9      2.3 2 
398 Sockeye 0 6.7 -10.01 auto 58.6 9.8 195.6 60.5 35.2 154.0 2.0 4 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

403 Sockeye 4            
404 Sockeye 4            
407 Sockeye 0 4.1 3.38 auto 43.7 5.9 180.3 45.2 6.8 173.8 3.4 1 
408 Chinook jack 0 3.9 3.00 auto 49.3 6.8 235.5 52.6 11.7 176.9 3.6 1 
409 Chinook jack 0 3.9 -3.48 auto 50.3 3.9 126.4 51.4 9.8 173.4 3.2 2 
413 Coho 0 3.6 7.61 auto 50.9 6.8 222.9 52.0 10.7 177.8 2.3 4 
414 Sockeye 0 3.9 5.41 auto 55.9 7.8 226.1 56.7 17.6 157.9 2.1 2 
415 Chinook adult 0 3.6 4.98 auto 48.8 5.9 221.6 51.1 13.7 162.3 3.6 1 
416 Chinook adult 2            
417 Chinook adult 2            
418 Sockeye 2            
419 Chinook adult 0 4.0 -6.90 auto 49.5 5.9 151.8 51.6 21.5 163.2 2.0 1 
420 Chinook adult 2            
421 Sockeye 0 3.2 3.76 manual 60.1      2.7 4 
422 Sockeye 2            
423 Sockeye 1            
424 Chinook adult 1            
425 Coho 0 3.9 6.93 auto 73.5 8.8 388.7 77.3 17.6 163.3 1.7 1 
426 Chinook adult 2            
427 Chinook adult 1            
428 Sockeye 0 3.3 -3.89 auto 44.5 4.9 89.6 45.2 10.7 171.6 1.6 1 
429 Sockeye 1            
430 Chinook adult 1            
431 Coho 0 5.4 -11.26 auto 47.6 5.9 128.3 49.2 23.4 163.2 1.8 3 
432 Chinook adult 0 4.3 -1.04 auto 54.7 6.8 153.3 57.1 11.7 170.6 2.3 2 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

433 Chinook adult 0 3.8 4.06 auto 57.6 6.8 216.9 59.9 23.4 152.6 2.1 3 
434 Chinook adult 0 3.9 5.99 auto 46.2 6.8 197.3 47.7 13.7 160.2 2.6 3 
435 Chinook adult 0 3.7 -5.43 manual 55.5      2.1 2 
436 Chinook adult 0 3.9 -3.44 auto 56.5 4.9 181.1 58.0 9.8 179.9 2.2 3 
437 Sockeye 4            
438 Coho 0 4.0 -3.08 auto 65.2 7.8 287.7 67.4 15.6 172.2 2.4 1 
439 Chinook adult 0 4.5 5.68 auto 43.4 3.9 137.6 44.2 10.7 163.8 1.9 2 
440 Sockeye 4            
441 Chinook adult 3            
442 Sockeye 1            
443 Sockeye 2            
444 Sockeye 0 6.1 -10.61 auto 60.4 5.9 206.4 61.6 32.2 160.4 1.8 4 
445 Sockeye 3            
446 Sockeye 1            
447 Sockeye 0 3.1 -7.41 manual 48.5      2.0 1 
448 Sockeye 1            
449 Chinook adult 0 4.0 8.49 manual 64.1      1.6 4 
450 Pink 2            
451 Sockeye 0 7.3 -2.72 manual 67.2      2.3 3 
452 Sockeye 2            
453 Sockeye 0 3.6 4.21 auto 49.3 5.9 194.4 51.4 8.8 174.8 2.4 2 
454 Sockeye 0 3.6 4.60 auto 56.0 6.8 211.5 62.7 10.7 174.4 2.7 2 
455 Sockeye 0 3.6 -7.70 manual 56.2      2.5 4 
456 Coho 3            
1001 Sockeye 0 7.1 -8.13 auto 59.6 7.8 275.2 61.0 15.6 177.4 2.4 1 
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Fish images, species identification, and image measurements recorded during analysis of DIDSON and video data collected during salmon migration 
through the Thompson River at Spences Bridge in 2013. 

ID 
Num 
(FIN) 

Species Image 
CodeA 

Range 
(m) 

AngleB 
(°) 

Measurement 
Type 

Length 
(cm) 

Thickness 
(cm) 

Area 
(cm2) 

Length 
across beams 

(cm) 

Range 
extent 
(cm) 

Orientation 
TBF 

(beats/s) 
TBF 

Pattern 
RankC 

1002 Sockeye 0 6.9 4.40 auto 61.1 5.9 276.3 61.9 7.8 176.4 2.5 2 
1003 Sockeye 0 5.6 -6.71 auto 64.6 5.9 232.3 67.3 12.7 15.0 1.9 4 
1004 Sockeye 0 6.8 -1.29 auto 64.6 5.9 238.5 65.5 7.8 179.8 2.5 2 
1005 Sockeye 1            
1006 Sockeye 1            
1007 Sockeye 0 6.9 1.30 auto 68.8 8.8 333.1 70.2 8.8 176.8 3.0 2 
1008 Sockeye 0 6.7 -2.29 auto 59.0 7.8 266.0 59.4 12.7 171.5 2.5 2 
1009 Sockeye 0 6.7 5.96 auto 55.8 6.8 283.3 57.0 12.7 164.8 2.5 3 
1011 Sockeye 0 6.8 -7.39 auto 56.0 7.8 295.0 57.0 16.6 172.9 1.9 4 
1012 Sockeye 1            
1013 Sockeye 0 6.9 -8.35 auto 44.3 6.8 167.5 44.8 13.7 172.5 3.2 1 
1014 Sockeye 1            
1015 Sockeye 0 7.0 -9.14 auto 57.5 6.8 251.6 58.2 18.6 171.9 2.3 1 
1017 Sockeye 3            
1026 Sockeye 3            
1031 Sockeye 2            
1040 Sockeye 0 5.7 -9.67 auto 41.6 4.9 81.2 42.1 17.6 165.8 2.1 3 

A –   Image codes:  Images with a 0 code were used for data extraction. Images with non-zero codes were rejected based on one of four reasons:  1 – image superimposed on other fish 
images; 2 – fewer than 3 consecutive tailbeat cycles observed; 3 – tailbeat pattern is ambiguous or irregular; 4 – fish image not clearly identified within region. 

B –   Angular position of fish in DIDSON field of view relative to the central axis of the transducer (0°). Positive values are to the right or downstream of the central axis and negative 
values are to the left or upstream of the central axis. Fish swam through the field of view from right to left. 

C -   Analyst confidence in observed tailbeat pattern:  1 – Excellent; 2- Good; 3-Moderate; 4-Poor. 
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