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Background
Salmon are presently counted at Bonneville Dam for 16 hours per day (0400-2000) from April 1 through October 31, with no counting occurring from 2000-0400 PST (2100 to 0500 PDT).  One species which is believed to pass primarily at night is lamprey, whose declining abundance is of concern.  Therefore, in 2007, the Columbia River Inter-Tribal Fish Commission has requested that counting be conducted 24 hours per day during those periods when lamprey are passing to provide better data on lamprey passage.  Towards that end, we proposed to test a computerized video fish counting system (FishTick by Salmonsoft) to see if it can be used to estimate night time passage at the Bonneville Dam Washington Shore fish counting station.  In addition, this would provide files that could be later reviewed for lamprey passage if time/funding became available.  When originally proposed, funding was not available for counting.  However, in May funding was provided for the University of Idaho to review video files of night time passage at Bonneville Dam to estimate lamprey escapement.  Although we had no funding, we decided to continue to install the video system.  

The video system tested is a successor to that originally developed by CRITFC (Hatch et al. 1994, 1996) and currently deployed at sites in Europe, New Zealand, Alaska (Daum 2005), the Connecticut River Basin (Haro and Fryer 2006), the St. Joseph Basin in Michigan and Indiana, as well as in the Columbia Basin at Leaburg Dam (MacKenzie River), Three Mile Dam, and Nursery Bridge (Walla Walla).  This system only saves video to a computer when motion is detected, thus resulting in less video that must then be reviewed.  Upon review, the user scrolls through the video identifying species and recording data to a spreadsheet.   

One problem we were interested in was the tendency of lamprey to attach to the window and remain there, swaying in the current.  This makes it more difficult to count lamprey, and also precludes the use of most video motion detection systems which might reduce the time required to estimate night time passage.  However, FishTick is designed to ignore constant movement in a small area.  Tests with video of lamprey at a dam on the Connecticut River in Vermont showed that FishTick generally would ignore “stationary” lamprey, but detect them when they made an upstream or downstream movement.  It was hoped that FishTick would behave similarly at Bonneville Dam.  

Methods
The objectives of this project were to:

1.
Capture video of nighttime fish passage using FishTick.
2.
Review video and estimate escapement.  
3.
Compare estimates with those derived from video tapes simultaneously recorded of night time passage as well as the time requirements for each method.   
For Objective 1.  The system we installed consisted of a standard PC computer running Salmonsoft FishTick with monitor and uninterruptible power supply (UPS).  The UPS provided power during a power failure.  For longer power failures the UPS shuts down the computer and then starts it (and FishTick) back up when power returned.  The computer was attached to a camera by a video cable.  

Video data was stored on the computer hard drive.  A backup copy was also saved to a USB flash drive.  Approximately once weekly, a technician sampling at the Adult Fish Facility for another project swapped USB flash drives as well as ensured that the computer system was running correctly.  

Initially, we had systems set up at both the Washington Shore and Cascade Island counting stations to give us records of night time passage at both stations which could then be reviewed later if funding became available.  However, once funding was provided to the University of Idaho, we removed our installation at the Cascade Island counting station to concentrate on the Washington Shore site.  
For Objective 2.  It was expected that video files would be reviewed by one of three technicians that we employed in 2007.  However, due to our expanded sampling at the Adult Fish Facility and the lack of funding for this project, these technicians were not available.  Therefore, we had two interns provided by the Bureau of Indian Affairs conduct a minimal review.  FishTick was used in the review, allowing the time, species, and direction for each fish passing to be recorded.  Only a sample (5 minutes every 30 minutes) was reviewed for some files with particularly high fish passage, and the results were multiplied by six for fish passage estimates.  No effort was made to count shad.  
For Objective 3.  We had hoped to work with the University of Idaho to compare escapement estimates and time requirements for reviewing video.  However, we reviewed too little video to make it worth doing these comparisons.    
Results
Video was recorded from May 17 through September 6, 2007 with gaps noted in Table 1.  The estimated reduction in video attributable to FishTick is in Figure 1.  Estimated escapement during those periods counted are found in Table 2 while total number of fish passing, both upstream and downstream, is found in Table 3.  Time required to review the video is found in Table 4.
Table 1.  Gaps in video data recorded at Bonneville Dam Washington Shore using FishTick in 2007.

	Dates
	Explanation for missing data

	June 27 2100-2400
	Unknown, file missing

	2100 July 2 to 0500 July 5
	Software left off when video retrieved on July 2

	August 8
	Part of file corrupt; unknown cause

	August 22  0000-0500
	Operator error corrupted file
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Figure 1.  Percent reduction in video to be reviewed resulting from using FishTick software.
Table 2.  Escapement estimated using FishTick to count  salmon and lamprey at Bonneville Dam Washington shore in 2007.  Sampled data is 1 in 6 sampling, therefore totals for those dates are multiplied by 6.

	Date
	Hours counted
	Chi-nook
	Chi-nook Jack
	Coho
	Lamp-rey
	Sock-eye
	Sthd clip
	Sthd Un-clip
	Total

	6/29
	2100-2400
	1
	0
	0
	-50
	12
	4
	2
	-31

	7/1
	2100-2400
	34
	32
	0
	-95
	25
	37
	7
	40

	7/6
	000-500
	1
	7
	0
	-216
	3
	17
	4
	-184

	7/11 (sampled)
	2200-2400
	-6
	0
	6
	-1470
	0
	0
	0
	-1470

	7/12
	000-500
	1
	0
	0
	-129
	1
	0
	0
	-127

	7/13
	000-500
	0
	0
	0
	-336
	-1
	0
	1
	-336

	7/15 (sampled)
	000-500
	42
	-6
	0
	-2640
	12
	174
	48
	-2370

	7/16
	000-031
	0
	0
	0
	-135
	0
	2
	0
	-133

	8/2 (sampled)
	000-500
	18
	0
	0
	-624
	6
	102
	-6
	-504

	8/19
	2100-2400
	1
	0
	4
	-65
	0
	8
	0
	-52

	8/20
	000-035
	2
	0
	1
	-46
	0
	5
	1
	-37


Table 3.  Total upstream and downstream movements  using FishTick to count  salmon and lamprey at Bonneville Dam Washington shore in 2007.  Sampled data is 1 in 6 sampling, therefore totals for those dates are multiplied by 6.

	Date
	Count Hours (PDT)
	Chi-nook
	Chi-nook Jack
	Coho
	Lamp-rey
	Sock-eye
	Sthd clip
	Sthd Un-clip
	Total

	6/29
	2100-2400
	9
	0
	0
	242
	36
	10
	6
	303

	7/1
	2100-2400
	40
	58
	0
	981
	47
	67
	11
	1204

	7/6
	000-500
	3
	7
	8
	2886
	11
	53
	14
	2982

	7/11 (sampled)
	2200-2400
	6
	0
	6
	5946
	0
	0
	0
	5958

	7/12
	000-500
	1
	0
	6
	1867
	1
	10
	0
	1885

	7/13
	000-500
	0
	0
	0
	2164
	9
	14
	3
	2190

	7/15 (sampled)
	000-500
	42
	6
	0
	13536
	12
	294
	108
	13998

	7/16
	000-031
	0
	0
	0
	551
	0
	2
	0
	553

	8/2 (sampled)
	000-500
	54
	12
	24
	3000
	18
	558
	42
	3708

	8/19
	2100-2400
	3
	0
	10
	1119
	2
	30
	2
	1166

	8/20
	000-035
	2
	0
	3
	282
	0
	11
	3
	301


Table 4.  Time required to review video recorded at the Bonneville Dam Washington Shore fish ladder using FishTick.

	Date
	Count Hours (PDT)
	Sampling Rate
	Review hours per hour counted


	6/30/07
	1800-2400
	None
	0.8

	7/1/07
	2100-2400
	None
	1.0

	7/5/07
	2100-2400
	None
	0.7

	7/6/07
	000-500
	None
	1.0

	7/12/07
	000-500
	1 in 6
	1.2

	7/13/07
	000-600
	1 in 6
	3.4


Discussion


This project was proposed by CRITFC to record night time lamprey passage at Bonneville Dam, with the amount of counting to be done dependent on the availability of staff time.  Once the University of Idaho was contracted to actually do lamprey counts off of video files recorded using a DVR, this project’s importance lessened.  In addition, given that this project had no budget, there was no technician time available to review the video.  Instead, part time interns were used to review some video.  

Night time counts have not been done in the past at Bonneville Dam due largely to technical problems:

1.) High shad passage during nighttime hours in June and July makes counting difficult.  

2.) Similarly, lamprey passage is high in night time hours during some periods in the summer.  
3.) Lamprey are difficult to count due to their tendency to hang in the viewing window for hours.

4.) An unknown portion of lamprey are being counted since they can migrate out of site on the other side of the crowder.

5.) Salmon passage is relatively low at night and they have traditionally been species of most interest.  

6.) Lamprey tend to move along the bottom of the ladder below the window.  Poor lighting adds to the difficulty in counting these fish.  

We attempted to address the last issue by testing a two camera setup, one camera focused on the entire window and the second just focused at the upstream end of the bottom of the ladder (Figure 2).  However, reviewers found this confusing and so we ultimately abandoned it.  The recommended way to improve counting of fish and lamprey that move along the bottom of the ladder is to install a ramp such as what is at Tumwater Dam on the Wenatchee River (Figure 3)
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Figure 2.  Image from FishTick at the Bonneville Dam Washington shore counting station showing a lamprey with the two camera setup.  The second camera was focused on the lower left corner of the fish viewing window.
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Figure 3.   Image from FishTick at the  Tumwater Dam, WA fish viewing window showing a Chinook salmon moving over the ramp located in the lower left corner of the fish viewing area.  (Note it has been found that counting would be easier if the ramp was at the upstream end, rather than the downstream end of the viewing window.)  
Net lamprey counts were consistently negative.  It is suspected that lamprey move upstream behind the crowder, which forces fish close to the fish counting window, then emerge back into the current, only to be swept back downstream through the counting window.  Unless the proportion of lamprey doing this can be documented, lamprey counts or movement can be considered, at best, an index of escapement.  

One problem that it was hoped that FishTick could deal with was the tendency of lamprey to attach to the window.  If FishTick sees an object that is consistently making only small movements, it will soon learn to ignore it until it makes a major movement.  This is useful if debris or plant material gets stuck in a fish ladder and also worked with lamprey at Vernon Dam on the Connecticut River.  FishTick did not work as well with lamprey at Bonneville Dam as the movement of lamprey swaying in the current was too large for it to be dismissed.  The detection algorithm could possibly be modified to account for this, however false detections caused by swaying lamprey was only a very minor issue in trying to count lamprey at the Bonneville Dam Washington Shore Fish viewing window.   

Fish and lamprey abundance is too high at Bonneville Dam (Figures 4 and 5) during the bulk of the fish counting season for FishTick to reduce fish counting personnel time if counts are desired for 50 or 60 minutes out of every hour.  FishTick could reduce fish counting personnel time if escapement was estimated using sampling; say counting 10 minutes out of every hour instead of 50 minutes out of every hour.  FishTick could also reduce personnel requirements during times of lower fish passage (e.g. October-early April) at lower Columbia River dams or at dams in tributaries or mainstem dams above John Day or McNary dams where fish abundance is lower.  
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Figure 4.  FishTick image showing high shad passage at Bonneville Dam on June 21, 2007.
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Figure 5.  FishTick image showing high lamprey passage at Bonneville Dam on July 15, 2007.  Note the three lamprey in the upper right corner being carried downstream with the flow.  
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