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ABSTRACT
The falls on the outlet stream from Kanalku Lake present a migrational challenge to upstream migrating sockeye salmon.  For the past three years, the U.S. Forest Service and ADF&G have cooperated on studies to estimate the proportion of sockeye salmon that are able to migrate over the falls.  A radio tagging study in 2006 and a mark-recapture study in 2007 found that less than 25% of the sockeye salmon that made it into the lower river eventually made it over the falls and into the lake.  In 2008, we used mark-recapture and net weirs and underwater video to estimate passage success.  Preliminary results from 2008 also indicate a passage success less than 25% but additional data from ADF&G’s picket weir project at the outlet of the lake is needed to complete the analysis.  State and Federal funds are now available to do fish pass construction at the falls and these results will serve as a baseline for evaluating the effectiveness of any modifications to the falls.

INTRODUCTION
Kanalku sockeye salmon are an important subsistence resource for residents of Angoon.  A pattern of relatively low escapement estimates of sockeye salmon into Kanalku Lake since 2000 (Table 1), and extremely low (<500 fish) escapement estimates in 2001, 2003, and 2007, raises concerns about the long term viability of this stock and the subsistence fishery that depends on it.  

There is a natural falls on the outlet stream from Kanalku Lake (Figure 1).  The falls is a migrational challenge to upstream migrating salmon.  Sockeye salmon appear to have a particularly difficult time ascending the falls during low and high flow conditions.  Sockeye salmon are observed jumping from the plunge pool at the base of the main falls to a mid-falls pool (river right) then swimming up bedrock steps along the apron on the left side of the falls (Figure 2).  The jump from the plunge pool to the middle pool appears to be the “crux pitch” (Figure 3) although the apron appears impassable during low and high flow conditions.  Bears actively prey on sockeye salmon at the falls and most of this predation is observed along the apron.  Sockeye salmon observed in the plunge pool below the falls, and in Kanalku Lake, often have snout and head injuries from jumping the falls (Figures 4 and 5).  

In this study, we are interested to know what the passage success is for sockeye salmon to migrate over the falls.  If the falls is found to be a substantial barrier to migration then improving the passage success would improve the stock’s productivity and harvest potential.  If more salmon were able to make it over the falls then fewer restrictions would be needed in outside fisheries to maintain escapement and subsistence needs.  There is interest by the Alaska Legislature, State and Federal fisheries managers, subsistence and commercial fishermen, and community and tribal members to enhance fish passage at the falls.  

It is important to monitor passage rates before and after any modifications to the falls to know if the modifications were effective.  We understand that in 1970, the Forest Service and ADF&G blasted four step pools on the apron on the left side of the falls.  This effort did appear to improve fish passage but the actual passage success has not been estimated until this study began in 2006.  In 2006, Forest Service personnel radiotagged 35 sockeye salmon below the falls and 4 (13%) of these fish made it into the lake. In 2007, 35 sockeye salmon were finclipped and t-bar tagged below the falls and 8 (23%) of them were observed by ADF&G and HIA employees operating a weir at the outlet of the lake.  

In 2008, we did a mark-below-the-falls (adipose clips and t-bar tag) and recapture-above-the-falls study similar to that done in 2007.  To backup the mark-recapture-based fish passage estimate, and to continue development of a remote fish counting system, we also used “stream net weirs” and mini-DVR (digital video recorder) camera systems (Van Alen 2008) to count the salmon, cutthroat trout, and Dolly Varden char swimming into the lower Kanalku River.  An estimate of the passage success could then be made by comparing our estimate of the number of sockeye salmon that made it to the base of the falls with ADF&G’s estimate of the number that made it above the falls and into the lake.

OBJECTIVES
1. Estimate the proportion of the sockeye salmon in the lower river that successfully ascend the falls and make it into Kanalku Lake by:

a. Adipose finclip and t-bar tag sockeye salmon below the falls, examine fish for these marks at the ADF&G weir, and determine the percentage of marked fish that made it to the lake, and, if possible, the percent difference between the respective mark-recapture population estimates.

b. Using two net weirs and redundant mini-DVR camera systems, estimate the total number of sockeye salmon that enter the lower river.  Then, compare this number with ADF&G’s picket weir count and weir-to-above weir mark-recapture estimate of the total in-lake escapement.

2. Seek to correlate fish passage with stream flow rates with the aid of depth data loggers and the daily counts from ADF&G’s picket weir.

METHODS
Mark-Recapture.  Adult sockeye salmon were marked and t-bar tagged below the falls (Figures 6, 7, and 8) and those that made it above the falls had the opportunity to be examined for these marks and tags as they pass through a picket weir at the outlet of Kanalku Lake (Figures 9 and 10) and when sampled from beach spawning areas in the fall (Conitz and Cartwright 2005, 2007; Burril and Conitz 2007; Conitz and Burril 2008; Conitz and Geiger, ADF&G Juneau, personal communication, May 2008).  Dipnets were used to capture the sockeye salmon.  The fish were held in the water for marking and tagging and released immediately without obvious harm to the fish. 
The Fish Resource Permit issued to us by ADF&G allowed marking only 90 sockeye salmon below the falls.  We choose to mark them when there was an obvious build up or peak in abundance of sockeye salmon below the falls but before there was any appreciable migration above it.  We were to assume that 100% of the fish would be examined for marks and tags when they swam through the picket weir at the outlet of Kanalku Lake.  We understood that records would be kept of the daily number of fish examined for adipose clips and the number with adipose clips and t-bar tags.   The proportion of sockeye salmon that were able to ascend the falls would then be calculated from this census of marked (or tagged) fish that made it into the lake divided by the total number of fish we marked (or tagged) below the falls.
I was also interested in using the “mark-below-falls” and “recapture-above-falls” data in a separate mark-recapture estimate of the total abundance of sockeye salmon below the falls.  For a reliable estimate, we need the marked (and tagged) fish to randomly mix with the unmarked fish, migrate over the falls at the same rate as the unmarked fish, and be sampled at a high rate at the picket weir.  I knew that getting enough recaptures for a reliable estimate would rely on the examination of a high proportion of the fish passed through the picket weir since relatively few will be marked, their complete mixing with unmarked fish would be questioned, and most will probably be stopped by the falls.  Ideally, all the fish would be physically or visually examined for adipose clips at the picket weir as planned which , if 20% are able to migrate over the falls, should yield 20+ recaptures and an acceptable 20% coefficient of variation around the estimate regardless of the actual population size (Van Alen 2008, Appendix C; Table 2).  Knowing that the actual number of recaptures is dependent on the migration rate over the falls and proportion of fish sampled at the picket weir, we should be content with recaptures of 10 or more and a 30% or better coefficient of variation around the estimate.  To avoid the inherent statistical bias of recaptures (R) actually being less than one we would need R to be three to four or more (Ricker 1975, p. 79).
Since the number of marked fish (M) will be set and the unknown variable will be how many fish need to be examined for marks (C) at the picket weir to get enough recaptures (R) we can use Chapman’s (1952) “inverse sampling” formulas for unbiased estimates of the population size (
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) (Chapman 1952, Page 287-288), converted here to the notation of Ricker (1975):

If sampling occurs with replacement, the formula for 
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 is the same as for the simple Petersen (aka. Lincoln-Petersen) estimate, which is:
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and, the unbiased (Chapman 1952, Seber 2002) estimate of variance is:
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For comparison, if sampling occurs without replacement, the formula for 
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 is the same as reported by Bailey (1951), which is:
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and, the conservative overestimate of variance can be approximated by:
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Bailey (1951), who Chapman (1952) credits for initial formulas for inverse sampling, notes that 
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 is usually large enough to use the simple Petersen formula (1) and its estimate of variance (2).  Ricker (1975) and Seber (2002) restate and concur with these formulas for inverse sampling.  Bailey (1951), Chapman (1952), Freeman (1973), Kuno (1977) and others identify the efficiency of inverse sampling for a predetermined number of recaptures.  Van Alen (2008) calculates the abundance-independent recapture goals needed for estimates with desired coefficient of variations.  It appears that equations (1) and (2) from Chapman (1952) for inverse sampling with replacement should be used for the majority of our fisheries mark-recapture studies where the number marked is fixed or based on a consistent sampling effort or marking fraction and I will use them in this study.  For some reason, Chapman’s (1951) formula for direct sampling is commonly used along with Robson and Regier’s (1964) estimates of the number to mark and examine for marks based on guesses of the actual population size (Ricker 1975; Schwartz et al. 1993; Lockwood and Schneider 2000; Seber 2002; Williams et al. 2002; Conitz and Cartwright 2005).  Nevertheless, both the census and recapture methods described above rely on accurate sampling and record keeping of the number of fish physically or visually examined for adipose clips at the picket weir.  
Fish Video.  A double-redundant combination of two “stream net weirs”, each with two mini-DVR (digital video recorder) underwater camera units, were used to count the number of salmon, trout, and char that swam into the lower river below the falls.  Van Alen (2008) provides a complete description of a “lake net weir” in Appendix E and a complete description of the mini-DVR fish video system in Appendix F.  

The upstream “V” shaped weirs (Figures 11, 12, and 13) funneled upstream migrating fish past underwater cameras mounted on each side of a 15mm wide by 30mm high opening.  The upper weir used floats to hold the net up while the lower weir was held up by a line suspended over the stream (Figure 14).  The meter-wide apron of webbing at the bottom of the net was held down to the stream bottom, on the downstream edge, with a chain or leaded “lead line”.  The upstream edge of the apron was held tight along the stream bottom by a “tension line” line stretched tightly along the stream bottom.  Project personnel built each net weir (Figure 15) from a 45 m x 5 m rectangle of black, square-mesh, 25 mm (sq. measure) x 400 denier x 20 ply (1.7 mm twine thickness) twisted knotless PE (polyethylene) webbing.  Each stream net weir could fit into an extra large gear bag and be carried by a person.  To lighten the load, we chose to carry the chain separately and tie it to the lead line in the field.
The net weirs were located about 100 meters above the tidal influence and well downstream from the falls.  The weirs were placed about 40 meters apart.  You can see from the photos that the upper weir was located in a section of slower and deeper water between log jams and the lower weir extended diagonally downstream across a wide shallow section with the opening near the right bank where the water was deeper and slower.
The color underwater cameras had 3.6 mm lenses and Sony 1/3” super-HAD CCD circuits.  Lighting for filming at night was provided by the six bright white LED’s built into each camera housing.  At the upper net weir, photo electric switches were used to turn the lights on at dusk and off at dawn (Figure 16).  At the lower net weir, a lithium battery powered timer (Figure 17) was used to turn the lights on at 21:00 hr and off at 05:00 hr each day.  We used the motion detection feature of the mini-DVR’s to save video footage only when movement within the field of view exceeded a predetermined threshold.  

The mini-DVR camera setups at each net weir were powered off two 12Vdc 85 or 100amp hour AGM (absorbent glass mat) batteries charged by 4 watt thermal (propane) generators (Figure 18) and solar panels.  The batteries were connected in parallel and connected to the generators and solar panels through a charge controller.  At the upper net weir we had two 35 watt solar panels and good enough sun exposure to kept the batteries charged above 12 Vdc.  The sun exposure was not so good at the lower net weir.  The thermal generator was supplemented with a 60 watt solar panel but the batteries had to be packed out and charged on two occasions.  We did not run gas generators at the project site since we were in the Admiralty Island National Monument. 

The mini-DVR’s stored video files on Secure Data (SD or SDHC) memory cards and we used 2 and 4 GB SD and 8 GB SDHC cards.  Both DVR’s at each net weir were set to record at a frame size of 352x240 pixels and a medium quality image resolution.  One of the DVR’s was set to record at 30 frames-per-second (fps) and the other at 15 fps.  The motion detection threshold was set lower on the 15 fps DVR.  This difference in DVR settings was done to help validate the fish counts.  We expected more false (non-fish) frames on the 15 fps DVR with the lower motion detection threshold, and more time spent reviewing this footage, but if fish counts were the same between DVR’s then it is unlikely fish had snuck through uncounted.  We used a portable 12 vdc 140mm x 178mm (5.5 x 7”) color TFT monitor in the field each trip to setup and test the performance of each camera/mini-DVR unit.  

Forest Service personnel serviced the net weirs and cameras for one or more days each week.  This involved cleaning and adjusting, as needed, the net weirs, cameras, video chutes, and charging system.  Memory cards were swapped out and the mini-DVR’s were connected to the portable monitor for a quick streamside review of video files, camera angles, and recording setups of the mini-DVR’s (Figure 19).  

Video review involved physically playing back, and occasionally pausing and reversing, the motion-detected footage and counting fish by species.  Video review was done back in camp or at the office using other mini-DVR’s and portable monitors (Figure 20).  Our “camp” was the 9.1 m (30’) R/V Admiralty Ranger at anchor in Kanalku Bay.  Hand tally counters were used to tally counts for the different species so the operator could keep his or her eyes on the monitor.  For counting fish, playback speeds of up to 4X were possible depending on the conditions.  Most counting was done at 1x or 2x speed.  Counts were recorded on “Video Review Data Forms” and keyed into an Excel list (database).  Fish counts were initially recorded by day but we soon changed to record counts by hour or time period within each day.

The basic configuration of the net weirs and cameras remained unchanged through the summer.  However, a diamond shaped, 25 mm high x 75 mm wide (I.D.) x 36 mm deep, off-white colored, video counting chute was put on the upper net weir on July 22 and on the lower net weir on August 5 (Figures 21, 22, and 23).  These video chutes better controlled the lighting and movement of fish past the cameras which improved the clarity of the footage and performance of the desired, fish-only, motion detection.  A string of floats was also tied along the middle of the lower (skyline) net weir to keep it from sagging underwater during high flow conditions.
If both cameras at a net weir recorded the same number of fish then we could be fairly certain that all fish that passed by the cameras were counted.  Furthermore, if the counts were the same between the lower and upper net weirs then we could be fairly certain that we counted all the fish that returned to the base of the falls – if it is reasonable to assume that the weirs were fish tight.  Thus, an alternate method for estimating the proportion of sockeye salmon that made it over the falls and into the lake could be made by dividing ADF&G’s picket weir/mark-recapture-based estimate of in-lake escapement by our net weir/redundant video estimate of the number that made it to the base of the falls.

Stream depth and temperature.  Two Global Water
, Model WL15, pressure (depth) and temperature data loggers were used to measure stream depths and temperatures in the vicinity of the falls from July 17 to October 30.  One data logger was secured in the pool at the top of the falls and the other was secured in a pool near the lower net weir.  The loggers were set to record measurements every 30 minutes.
RESULTS AND DISCUSSION
Mark-Below-Falls and Census-at-Picket-Weir.  In the morning of July 23, 2008, three Forest Service employees and one ADF&G and one HIA employee from the ADF&G/HIA picket weir project dipnetted, marked, and released 100 sockeye salmon below the falls (Figures 6 and 7).  All of these fish were tagged with pink t-bar tags and 99 were adipose clipped (one leaped to freedom before donating its fin to science)   These fish were not captured directly from the plunge pool at the base of the falls but from three glides/pools immediately downstream from the plunge pool (Figure 8).  We wanted to avoid targeting fish in the plunge pool where there might be a higher proportion of fish that have been trying unsuccessfully to jump the falls.  The marking crew made an effort to keep dipnetted fish in the water for the short time it took to clip and tag them (Figure 6) and all were released directly back where they were caught without apparent injury.  
Preliminary data from ADF&G/ACA’s picket weir project is that 5 (5%) of 967 sockeye counted through the weir were “marked by USFS”.  Additional information is needed to know if the ADF&G/ACA’s weir-to-above-weir mark-recapture study validates the weir count, how many of the 967 sockeye counted through the weir were physically or visually inspected for adipose-clips, how many were adipose clipped, and, of these, how many were t-bar tagged (if we were to estimate tag loss and use tag results).  
I suspect that the weir-to-above-weir mark-recapture study finds that more than 967 sockeye escaped into the lake, that not all of the 967 fish counted through the weir were sampled for adipose clips and tags, and that the actual passage success is more than 5%.  If less than 967 fish were sampled then the number of recaptures would simply need to be expanded by the proportion of the total escapement actually sampled.
Mark-Below-Falls and Recapture-Above-Falls.  We could estimate the total in-river abundance of sockeye salmon below the falls using the mark-below-falls and recapture-above-falls data if some basic assumptions are met.  We must assume that marked and unmarked fish behave the same (i.e., the same proportion are able to migrate over the falls) and that the 99 sockeye adipose-clipped and released below the falls on July 23 are representative of (randomly mix with) all the sockeye salmon that returned below the falls in 2008 and/or that fish are representatively sampled as they pass through the picket weir on the outlet of the lake.  As above, I must assume that all of the 967 sockeye counted through the picket weir were sampled for adipose clips and that only five (5) were observed.  Using Chapman’s (1952) mark-recapture formula for inverse sampling with replacement, M= 99, C = 967, and R = 5, we get an estimate of 19,000 (CV = 45%) sockeye salmon below the falls in 2008 (Table 3, with other Petersen-type estimators for comparison) and a passage rate over the falls of 5% assuming 1,000 fish migrated into Kanalku Lake.  If there were 20 or more recaptures we would have more confidence in this estimate (Table 2) and there is some potential that the estimate is statistically biased high.  More likely, this estimate is biased high because not all of the 967 sockeye salmon counted through the weir were sampled for adipose-clipped fish. 
Both the census and recapture methods estimate that only 5% of the sockeye salmon are able to migrate over the falls.  Unfortunately, these are not independent estimates.  As above, I suspect that the weir-to-above-weir mark-recapture study finds that more than 967 sockeye escaped into the lake, that not all of the 967 fish counted through the weir were sampled for adipose clips and tags, and that the actual passage success is more than 5%.  Incomplete sampling for marked fish at the weir will result in the same downward bias in estimates of passage success for either the mark-below-falls and census-at-picket-weir study or the mark-below-falls and recapture-above-falls study.  Nevertheless, both estimates could be easily changed if we find that not all the fish were sampled for adipose clips at the picket weir.
Sockeye salmon appeared to be at peak abundance below the falls on July 23 and it was our intent to mark fish during their peak in abundance given the short duration of the single beach spawning run into the system.  None had migrated through the picket weir up at the lake yet but two members of our crew counted 222 and 201 sockeye salmon, respectively, in a foot survey between the top of the falls and the picket weir the afternoon of July 23rd.  These fish were holding in two pools just downstream from the picket weir.

The Fish Resource Permit issued to us by ADF&G permitted marking only 90 sockeye salmon but the five person crew was so efficient they unintentionally marked 100.  Future studies should question the need to limit the number of fish that could be marked.  If an unrestricted number of fish could be marked then it would be more practical and appropriate to mark fish through time in proportion to their abundance.  There is no need to put tags on the fish since there is no indication of temporal stratification in the run and adipose clips are permanent, quick to administer, visible, and harmless.  Tagging fish takes more time, is more stressful for the fish, and, since tags are lost, requires the added complexity of a tag loss study.  Tag loss studies require selecting a fish to sample, physically or visually looking for the physical mark, and, if marked, looking for a tag.  Unfortunately, the fish are usually just examined for a tag which negates the tag loss study as well as the reliability of whole study.  Even if done correctly, the marking fraction would be based on the physical marks anyway.  Different shaped opercule punches could be used if one wanted to group releases by time.  Additional information is still needed from ADF&G to know how fish were sampled at the weir and what records were kept.

Fish Video.  Using two upstream “V”-shaped stream net weirs, each fitted with two underwater cameras connected to mini-digital video recorders (DVR’s) at the opening of each weir, we counted about 2,500 sockeye salmon entering the lower Kanalku River in 2008 (Table 4, Figure 24).  The net weirs and mini-DVR’s were operated continuously from July 10 to August 18.  The run had clearly trailed off on August 18 but there was at least 1,000 sockeye salmon already above the net weirs when they were installed on July 10.  I observed sockeye jumping at the falls and in the plunge pool and adjacent pools on July 11 in large enough numbers that they were “finning” at the surface.  Wearing a swim mask it was clear that there were hundreds of sockeye holding in the plunge pool but counting them was impossible since the water was filled with bubbles and they would continuously swim in and out of view.  
We also suspect that some sockeye were able to swim past the net weirs at times when high water and debris sagged the middle of the lower “skyline” net weir below the surface and shore ends of the “floating” net weir.  There were three high water events recorded on the depth data loggers between when they were installed on July 17 and when the net weirs were pulled on August 18 (Table 5, Figures 24 and 25).  Video counts show fish obviously passed the upper net weir uncounted during high water periods on July 18 and 19 and July 25-29 (Figure 24) since counts were higher at the lower net weir.  
Probably the biggest question regarding the accuracy of the video counts is for the period from July 20 to 22 when water levels were high and fish counts at both net weirs were low.  Fortunately, three crewmembers that adipose clipped 99 sockeye salmon in the three glides/pools below the falls the morning of July 23 also returned that afternoon to examine these same fish for marks.  Between 1400 and 1530hr, 99 fish were examined for adipose clips and four were recaptured.  Sampling was done with replacement.  This yields a Chapman (1952) indirect w/replacement estimate of 2,450 fish (CV=44%) in this “mark&tag study area” assuming there was not an appreciable influx of new fish since the morning to bias this estimate up.  On this date, there were probably 3,500+ sockeye in the system – the 2,000+ in the study area, 1,000+ in the plunge pool above the study area, 200+ above the falls, and 300+ between the study area and the net weir.  

The cumulative count through the net weirs through July 22 was at least 1,413 fish but, as stated above, there were already sockeye observed at the base of the falls when the net weirs were installed on July 10th and the weirs were not always fish tight.  Anyway, I conclude that there was probably not a large immigration of fish that swam uncounted past the net weir during the July 20 to 22 high water period.  
Thus, a reasonable estimate of the total number of sockeye salmon that made it to the base of the falls in 2008 can be summed as the 3,500+ fish in the river on July 23 plus the 1,000+ fish that passed the net weirs after July 23.  This totals an escapement of 4,500+ sockeye salmon to the base of the falls of which approximately 1,000 (22%) made it up the falls and into the lake.

Sockeye counts were similar between the two cameras at each net weir (Table 4, Figure 24).  This provides some assurance that all passing fish were recorded since each pair of mini-DVR’s had different frame rates and motion detection thresholds.  However, fish counts were not so close between the upper and lower net weirs for some days and periods (Table 4, Figure 24).  Fish were clearly passing the upper net weir uncounted on these days.  If counts had been close between weirs, we would have more assurance that all fish were counted.  Recognizing that we would only be counting the fish we see, I use the maximum daily counts of 2,527 as the best weir count (Table 4).  Again, there were problems keeping the net weirs fish tight on occasion when high water and debris caused the nets to sag.
Stream temperatures peaked from August 8 to August 12 when stream flows (depths) were the lowest (Table 5, Figure 25).  This inverse relationship between stream flow and temperature was evident throughout the summer.  The depth and temperature measurements from each data logger correlated closely and only the data from the logger sited below the falls is presented in Figure 24.

Eighty percent of the sockeye counted through the lower net weir passed between July 12 and August 8 and 80% of the sockeye counted through the picket weir passed between July 21 and August 9 (Figure 26).  
The picket weir did appear to delay the natural migration of sockeye salmon into the lake for days or weeks in both 2007 and 2008.  In both years, there was a surge of fish into the weir trap immediately after improvements were made to the trap and trap entrance.  In 2007, a collapsed cone entrance into the trap was replaced with a “crab finger” entrance on August 1 and the weir count jumped from zero to 90% of the season total in five days.  On July 29, 2008, the entire trap was moved into deeper water and a wide causeway and “V”-entrance was installed leading into the trap and the number counted through the weir jumped from 8 fish (1%) to 845 (90%) over the next six days.
Most of the sockeye salmon migrated through the net weirs between 2300 and 0400 hour (Figure 27).  Weir crews are seldom able to pass fish during these hours of darkness (and dark shapes).  Only the fish that swim into the weir trap, and stay in the trap, end up being passed upstream in the morning trap check.  The other fish hide as best they can downstream until time and/or rising water compels them to surge the weir no matter what.
More work needs to be done to re-review video and fill-in for missing video to properly sum counts for species other than sockeye salmon.  Nevertheless, we counted about 90 pink salmon, 4 chum salmon, 2,500 Dolly Varden char, and 70 cutthroat trout into the lower river (Appendix A).  We also filmed sculpin, river otters, and bears on several occasions.  The footage also provides a video record of the data and time each camera and video chute was cleaned and checked.
Most readers found the cutthroat trout easily identifiable from the Dolly Varden char in most lighting conditions thanks to their black spots.  However, it appears that Dolly Varden were confused with cutthroat trout by the person who reviewed the lower weir left camera from July 27 to August 3 (Appendix A).  It was difficult to distinguish Dolly Varden from jack sockeye salmon. Some bigger Dolly Varden char were called sockeye jacks before we recognized that there must be few or no sockeye jacks in the 2008 run.  We never caught or positively identified any sockeye jacks and there were none observed or sampled at the picket weir or in the lake.  Based on this information and re-review of some video with counts of jack sockeye, I am assuming that the jack sockeye counts (Appendix A) should be counts of Dolly Varden.
Personnel time needs to be specifically allocated to review the video footage inseason.  The extra time it took to accurately count Dolly Varden and cutthroat trout should be continued since it is important to understand the relationship between salmon, trout, and char and abundances of these other species.  The smaller and more mobile the fish are, the harder it is to count them using video.  This is reflected in the larger differences in counts of Dolly Varden and trout between cameras and readers (Appendix A).
Overall, video fish counting conditions were good.  The fish swam upstream past the cameras close enough, slow enough, and in clear enough water and in adequate lighting, to effectively use motion detection and efficiently count numbers of fish by species.  The bright white LED lights built into the cameras worked well (Figure 28) but some additional lighting in the video chute would help reduce fish-less video and the clarity of night footage.  Daylight video was generally quick and easy to review since the video was clear, in color, and motion detection did a good job of saving only frames with fish in them.

In some high water flow conditions we had problems with bubbles triggering the motion detection at the upper net weir since there was a log jam just above the cameras.  Sunny conditions were rare in 2008 but sunlight occasionally caused rippling shadows that would trigger false frames.  Debris would occasionally snag in the field of view and trigger false frames too but this seldom persisted for long before the object washed away in the current.  Salmon or Dolly Varden char that were already upstream of a net weir would occasionally trigger false frames if they swam or loitered in view of the cameras.  The video chutes helped control these interferences and limit the video footage to only new fish passing up through each net weir.
The 30 fps footage was easier to review and appeared to trigger the motion detection best if fish were swimming quickly past the cameras.  Storage space on the memory cards was not a problem at these frame rates, image size, and image resolutions even if cards are exchanged every two weeks or more.  The recent firmware upgrade for the mini-DVR’s allows use of 8 GB SDHD cards.  I’d expect that future upgraded firmware will allow the use of 16 or 32 GB cards.  Firmware that reduced the recording time after a motion detection event from 5 seconds to one second or less would also speed up video review time without compromising counting accuracy.  Labeling the SD cards with a permanent marker helped keep the cards organized (i.e., cards from the lower net weir, right camera were labeled LR1, LR2, LR3, etc.).

The thermal generators worked well.  One generator will fully power a camera/mini-DVR unit with the camera LED lights on 24/7.  Propane use was approximately 40 lb per month per generator.  The limited availability and relatively high cost of thermal generators limits their practicality.

A nice feature of video fish counting is that we can retain a complete video record of the fish and other critters that passed the cameras.  The fish video database serves as a directory of fish counts by date and hour (or time period) and includes comments of dates and times of interesting and unusual video footage too.
CONCLUSIONS
These fish pass studies in 2006, 2007, and 2008 all show that it is difficult for sockeye salmon to navigate the Kanalku falls.  Less than 25% of the sockeye salmon that made if to the base of the falls successfully migrated over the falls and into the lake in each of these years.  Modifications to the falls that markedly improves the passage success would improve the stock’s productivity and management options.  

This study re-introduces and supports the efficiency of using Chapman’s (1952) simple mark-recapture formulas for inverse sampling with replacement.  The formulae for the population estimate is the same as for the simple Petersen, 
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, and is considered an unbiased estimator for inverse sampling with replacement when recaptures (R) number 3-4 or more (Chapman 1952, Ricker 1975, and Seber 2002).  I provide a table modified from Van Alen (2008), Table 2, for looking up the number of recaptures (R) needed to achieve a predetermined level of precision (coefficient of variation) around the population estimate.

Lastly, this study demonstrates the potential of using “stream net weirs” and a double-redundant mini-DVR-based underwater video system with motion detection to remotely count salmon, trout, and char into streams.  This is an extension of the “lake net weir” and mini-DVR setup deployed in 2007 at Kook Lake (Van Alen 2008).
RECOMMENDATIONS
1) Mark-Recapture.  
a) Adipose clip sockeye salmon in the three glides/pools below the falls with the dipnetting effort roughly in proportion to their abundance.  There should be no specific restriction on the number that may be adipose-clipped below the falls as long as fish are caught, marked, and released promptly with little time out of water.
b) The picket weir personnel should accurately record, on daily weir count data forms, the number of fish physically or visually examined for adipose clips, and the number with adipose clips.  This would be in addition to their operation of a fish tight weir and the physical marking of 50% of the sockeye counted into the lake as part of the weir-to-above-weir mark-recapture estimate of total escapement.
2) Stream Net Weirs.  
a) Heavily corked, 100% floating stream net weirs are recommended since skyline net weirs will not shed debris and we seek to develop a “remote sensing” counting system that works without weekly maintenance.  However, modifications are needed to help the floating net weirs fish properly in prolonged high flow and debris conditions.  PVC conduit battens should be woven into the webbing, parallel with the flow, at each bank to keep the nets from bagging and sagging with debris.
b) Site placement of these stream net weirs is important.  Ideally, they will be placed in a deeper, slower flowing, section of the stream.  There is a relatively long pool just upstream from where the upper net weir was fished in 2008 that both net weirs might be able to fit in.  This site or others should be closely evaluated before the net weirs are deployed in 2009.
3) Fish Video.  
a) Replace the plywood, diamond-shaped, video chutes with similarly-shaped aluminum chutes.  The new chutes need integrated mounts for cameras and light(s) and a quick-connect collar for attaching to the net weir.

b) Add 5W compact fluorescent lighting in the video chute.

c) Review video files inseason and maintain the fish count database so daily and cumulative counts can be provided to interested parties.
d) Seek firmware that reduces the recording time after a motion detection event from five seconds to one second or less.

e) Set both mini-DVR’s at each weir to record at 30 fps, an image size of 352x240 pixels, and a resolution quality of medium.  Continue to set the motion detection threshold lower for one of the DVR’s so we are assured that fish don’t pass undetected.
4) Power.
a) The thermal generators worked well to power one camera/mini-DVR unit but with two camera/mini-DVR units per weir we also needed solar power.  A 130+ watt solar panel is a good stand-alone power source for a camera/mini-DVR unit in locations with reasonable sun exposure.  

b) As much as possible, put each camera/mini-MDVR unit on independent power sources to maintain the “dual-redundant” system needed for fish counting reliability.
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Figure  1.
Photo of Kanaku Falls.
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Figure  2.
The observed route that sockeye salmon take to ascend the falls on the Kanalku River.
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Figure  3.
A sockeye salmon in mid-air attempting to jump from the plunge pool to the middle pool,  July 16, 2008.
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Figure  4.
Snout and eye injuries on a sockeye salmon captured below the falls on the Kanalku River, August 11, 2006.
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Figure  5.
Snout and eye injuries on a sockeye salmon photographed underwater below the falls on the Kanalku River, July 30, 2008
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Figure  6.
Ray Vinsant (ADF&G), Carol Mahara (FS), and Mark Stoker (FS) (l-r)) adipose clip and t-bar tag an adult sockeye salmon below the Kanalku falls, July 23, 2008. 
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Figure  7.
Mark Stoker (FS), Ed Gamble, Jr. (ACA), and Ray Vinsant (ADF&G) (l-r) dip net sockeye adults downstream of the Kanalku Falls, July 23, 2008.
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Figure  8.
Adult sockeye salmon were captured, marked, and released in locations A, B, and C below the falls on the Kanalku River on the morning of July 23, 2008.
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Figure  9.
Picket weir and trap at the outlet of Kanalku Lake, August 12, 2008.
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Figure 10.
Ray Vinsant, ADF&G, (left) and Marcus Jamestown, ACA, (right) at the Kanalku picket weir, July 29, 2008.
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Figure 11.
Photo of the lower “skyline” net weir, July 11, 2008.
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Figure 12.
Photo (looking downstream) of the upper “floating” net weir, July 11, 2008.
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Figure 13.
Photo (looking upstream) of the upper “floating” net weir, July 11, 2008.
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Figure 14.
Side view diagram of a “floating stream net weir” (on left) and a “skyline stream net weir (on right).  The top wings of the nets are 4 meters wide and the bottom apron is 1 meter wide.
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Figure 15.
Pete Schneider (FS) weaves the tension line a meter up from the leadline in a stream net weir.
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Figure 16.
Photo of the mini-DVR and photo electric light switch in the 16 cm x 9.5 cm x 6.6 cm (I.D.) Pelican 1050 case.
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Figure 17.
Photo of the mini-DVR and electric timer light switch in the Pelican 1050 case.  The underwater camera is visible at the bottom of the photo.
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Figure 18.
Photo of one of the 4 watt thermal (propane) generators used to power the mini-DVR/camera systems at each net weir.
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Figure 19.
Chad Hood and Robbie Piehl (FS) do a quick streamside review of video on the mini-DVR’s at the upper stream net weir, July 11, 2008.
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Figure 20.
Chad Hood (left) and Carol Mahara (right) review video footage and tally fish counts aboard the R/V Admiralty Ranger at anchor in Kanalku Bay.
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Figure 21.
Underwater photo (looking upstream) of the fish opening in the upper stream net weir and the diamond shaped video chute.
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Figure 22.
Lower stream net weir and video chute, August 12, 2008.
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Figure 23.
Pete Schneider prepares to do a close inspection of the video chute and upper stream net weir, July 30, 2008.
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Figure 24.
Daily stream height and counts of sockeye salmon past video cameras in the lower Kanalku River, 2008.
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Figure 25.
Average daily stream depth (meter) and temperature (Celsius) in the area of the Kanalku falls, July 17 to August 18, 2008.
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Figure 26.
Daily counts of sockeye salmon into the lower Kanalku River below the falls and then into Kanalku Lake, 2008
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Figure 27.
Hourly timing of sockeye salmon into the lower Kanalku River, 2008.  (Excludes count intervals >7 hours.)
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Figure 28.
First frame of a video file showing a sockeye salmon (front) and a Dolly Varden (back, obscured by the lights of the opposite camera) passing through the upper net weir video chute at 2:58:52 hour, August 8, 2008.  

(double click to play, note the 5 seconds of recording at the end of this clip)

Table  1.  Estimated escapement of sockeye salmon into Kanalku Lake, 2001 to 2008.

[image: image36.emf]Year Reference Method

2001 240                Conitz and Cartwright (2005) Expanded index.

2002 1,600             Conitz and Cartwright (2005) Expanded index.

2003 280                Conitz and Cartwright (2005) Expanded index.

2004 1,250             Conitz and Cartwright (2007) Expanded index.

2005 1,100             Burril and Conitz (2007) Expanded index.

2006 1,300             Conitz and Burril (2008) Expanded index.

2007 461                preliminary (unplublished)

Weir count

a

2008 967                preliminary (unplublished)

Weir count

a

a

Results from a weir-to-above-weir mark-recapture study are pending.

Escapement 

Estimate


Table  2.
Sampling goals for the number of critters you need to recapture (R), and number you’ll probably examine for marks (C), at different marked rates and levels of precision (coefficient of variation; CV%) around the population estimate (
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) for indirect sampling with replacement.
[image: image38.emf]Marked

Rate

a

(intended

or observed) R C R C R C R C R C R C

0.25% 399 159,600 100 39,900 44 17,733 25 9,975 16 6,384 11 4,433

0.50% 398 79,600 100 19,900 44 8,844 25 4,975 16 3,184 11 2,211

0.75% 397 52,933 99 13,233 44 5,881 25 3,308 16 2,117 11 1,470

1% 396 39,600 99 9,900 44 4,400 25 2,475 16 1,584 11 1,100

2% 392 19,600 98 4,900 44 2,178 25 1,225 16 784 11 544

5% 380 7,600 95 1,900 42 844 24 475 15 304 11 211

10% 360 3,600 90 900 40 400 23 225 14 144 10 100

15% 340 2,267 85 567 38 252 21 142 14 91 9 63

20% 320 1,600 80 400 36 178 20 100 13 64 9 44

25% 300 1,200 75 300 33 133 19 75 12 48 8 33

30% 280 933 70 233 31 104 18 58 11 37 8 26

33% 268 812 67 203 30 90 17 51 11 32 7 23

35% 260 743 65 186 29 83 16 46 10 30 7 21

40% 240 600 60 150 27 67 15 38 10 24 7 17

45% 220 489 55 122 24 54 14 31 9 20 6 14

50% 200 400 50 100 22 44 13 25 8 16 6 11

55% 180 327 45 82 20 36 11 20 7 13 5 9

60% 160 267 40 67 18 30 10 17 6 11 4 7

65% 140 215 35 54 16 24 9 13 6 9 4 6

66% 136 206 34 52 15 23 9 13 5 8 4 6

70% 120 171 30 43 13 19 8 11 5 7

75% 100 133 25 33 11 15 6 8 4 5

80% 80 100 20 25 9 11 5 6

85% 60 71 15 18 7 8 4 4

90% 40 44 10 11 4 5

95% 20 21 5 5

100%

a

The "Marked Rate" could be the intended percentage of fish that were marked or the observed percentage of fish that have marks.

  Actual marking rates might be less so be conservative and use a marked rate 50% less than the intended or observed marking rate.

b

Recapture goals for R<4 are omitted from the table to minimize the inherent bias of R actually being less than one (Ricker 1975 p. 79).

Calculations:

Population Size = N = M * C/R                                                   (Chapman 1952, page 287, eq. 1)

Variance = V(N) = (M^2 * C * (C - R)) / (R^2 * (R + 1))                   (Chapman 1952, page 287, eq. 2)

Coefficient of Variation = CV (%) = Sqrt(V(N))/N * 100

Marked Rate expected = number marked/number counted (i.e., at a weir project)

Marked Rate observed = R/C

R = (1-marked rate)/CV^2

C = R/marked rate

The 95% and 99% Confidence Limits around the estimate of N can be calculated using Appendix II in Ricker (1975, p. 343):

When R ≤ 50, the tabled values for the upper and lower limits of R can be used in the N = M*C/R calculations 

of the lower and upper confidence limits.

When R>50, the upper and lower limits of R can be calculated using the formula:

 and used in the N = M*C/R calculations of the lower and upper confidence limits.

Sampling Goals for Recaptures (R) and Captures (C)

b

Desired CV%

5% 10% 15% 20% 25% 30%

7 . 1 576 . 2 32 . 3 % 99 ; 0 . 1 960 . 1 92 . 1 % 95

         

R R R or R R R


Table  3.
Petersen-type mark-recapture estimates of the number of sockeye salmon in the “study area” below the Kanalku falls the morning of July 23, 2008.
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A) Petersen, direct sampling with or without replacement  (Ricker 1975, page 78, equations 3.5 and 3.6):

Calculated abundance: 19,147

Calculated variance: 72,939,356

Calculated standard error: 8,540

Calculated coefficient of variation: 45%

B) Reciprocal of Petersen, direct sampling with or without replacement (Ricker 1975, page 77-78, equations 3.3 and 3.4): 1/(1/N)

Calculated abundance: 0.0000522 19,147

Calculated variance: 5.42744E-10

Calculated standard error: 0.000023

Calculated coefficient of variation: 45%

C) Bailey (1951, page 298, eq. 2.27 and 2.28) and Chapman (1952, page 288, eq. 7 and 8),  inverse sampling without replacement: 

Calculated abundance: 19,339

Calculated variance

b

:

69,999,311

Calculated standard error: 8,367

Calculated coefficient of variation: 43%

D) Chapman (1952, page 287, eq. 1 and 2),  inverse sampling with replacement:

c

Calculated abundance: 19,147

Calculated variance: 60,782,796

Calculated standard error: 7,796

Calculated coefficient of variation: 41%

E) Adjusted Petersen (Chapman 1951, Ricker 1975, page 78, eq. 3.7 and 3.8), for direct sampling with or without replacement:

Calculated abundance: 16,132

Calculated variance: 36,948,435

Calculated standard error: 6,079

Calculated coefficient of variation: 38%

F) Bailey (1951, page 295-296, eq. 2.8 and 2.15), direct sampling with or without replacement:

Calculated abundance: 15,972

Calculated variance: 36,217,651

Calculated standard error: 6,018

Calculated coefficient of variation: 38%

a

Expect an inherent statistical bias of R actually being less than one when R< 3 or 4 (Ricker 1975).

b

This approximate formula for variance overestimates the actual variance (Chapman 1952).

c

This is the estimate used in this report.

N = M * (C + 1) / (R + 1) =

V(N) = (M^2 * (C + 1) * (C - R))/((R + 1)^2 * (R + 2)) =

SE = Sqrt(V(N)) =

CV% = SE / N * 100 =

N* = (M + 1) * (C + 1)/(R + 1) - 1 =

V(N*) = N^2 * ( C - R) / ((C + 1) * ( R + 2)) =

SE = Sqrt(V(N*)) =

CV% = SE / N * 100 =

N = M * C / R =

V(N) = (C * M^2) * (C - R) / (R^2 * ( R + 1)) =

SE = Sqrt(V(N)) =

CV% = SE / N * 100 =

N = (C * (M + 1) / R) - 1 =

V(N) = ((N+1) * ( N - M)*(M-R + 1))/(R* (M + 2)) =

SE = Sqrt(V(N)) =

CV% = SE / N * 100 =

1/N = R / (M * C) =

V(1/N) = (R * (C - R)) / (M^2 * R^3) =

SE = Sqrt(V(1/N)) =

CV% = SE / N * 100 =

N = M * C / R =

V(N) = (C * M^2) * (C - R) / R^3 =

SE = Sqrt(V(N)) =

CV% = SE / N * 100 =



Table  4.
Filled-in or corrected counts from video footage of sockeye salmon entering the lower Kanalku River, July 10 to August 18, 2008.a
[image: image40.emf]Date LL1 LL2 LL3 LL4 LL5 LL6 LR1 LR2 LR3 LR4 LR5 LR6 UL1 UL2 UL3 UL4 UL5 UL6 UR1 UR2 UR3 UR4 UR5 UR6

Lower 

Min

Lower 

Max

Upper 

Min

Upper 

Max

7/10/2008 9 8 4 8 9 4 4

7/11/2008 79 79 11 98 79 79 11 98

7/12/2008 147 147 173 138 147 147 138 173

7/13/2008 57 57 45 37 57 57 37 45

7/14/2008 37 37 35 35 37 37 35 35

7/15/2008 11 11 13 13 11 11 13 13

7/16/2008 126 126 33 77 33 67 126 126 33 77

7/17/2008 366 342 359 336 342 366 336 359

7/18/2008 273 253 158 145 253 273 145 158

7/19/2008 361 339 69 61 339 361 61 69

7/20/2008 0 1 0 3 0 1 0 3

7/21/2008 2 1 0 1 0 4 0 2 0 4

7/22/2008 5 12 4 0 3 5 12 0 4

7/23/2008 46 59 26 34 46 59 26 34

7/24/2008 19 32 23 22 19 32 22 23

7/25/2008 37 41 28 24 37 41 24 28

7/26/2008 44 43 17 11 43 44 11 17

7/27/2008 114 120 81 79 114 120 79 81

7/28/2008 66 63 34 33 63 66 33 34

7/29/2008 62 18 62 19 22 7 21 8 80 81 29 29

7/30/2008 15 16 26 30 15 16 26 30

7/31/2008 25 27 31 24 25 27 24 31

8/1/2008 15 16 15 9 15 16 9 15

8/2/2008 93 89 72 75 89 93 72 75

8/3/2008 6 5 6 9 5 6 6 9

8/4/2008 29 2 29 1 21 10 18 15 30 31 31 33

8/5/2008 63 51 62 70 51 63 62 70

8/6/2008 35 32 36 31 32 35 31 36

8/7/2008 9 11 23 17 9 11 17 23

8/8/2008 73 71 31 34 71 73 31 34

8/9/2008 23 29 35 35 23 29 35 35

8/10/2008 10 13 20 20 10 13 20 20

8/11/2008 36 34 20 20 34 36 20 20

8/12/2008 51 54 35 36 51 54 35 36

8/13/2008 40 2 36 7 46 2 37 1 42 43 38 48

8/14/2008 5 16 2 3 5 16 2 3

8/15/2008 1 9 4 2 1 9 2 4

8/16/2008 5 13 2 3 5 13 2 3

8/17/2008 5 15 4 4 5 15 4 4

8/18/2008 1 4 5 5 1 4 5 5

Total 2,325 2,527 1,509 1,822

a

The shaded cells originally had no counts or missing counts due to technical or design problems (as noted) but are filled-in here with values from the adjacent camera.

Camera and Card (i.e., LL1 = lower weir, left camera, SD card 1, UR6 = Upper weir, right camera, card 6, etc.)

2,424 2,430 1,723 1,707



   DVR not set

      to record

 (operator error)

   Camera out of

 alignment (bear)

alignment

(bear)

  card full

   (bubbles)


Table  5.
Average daily stream depth and temperature, Kanalku Falls area, July 17 to August 31, 2008.

[image: image41.emf]Date Depth (m)

Temp (
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Depth (m)

Temp (

o
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07/17 0.46 8.59 0.53 7.89

07/18 0.48 8.50 0.56 7.86

07/19 0.62 8.20 0.77 7.27

07/20 0.62 8.20 0.76 7.30

07/21 0.55 8.29 0.66 7.45

07/22 0.50 8.28 0.59 7.46

07/23 0.47 8.37 0.54 7.64

07/24 0.45 8.26 0.51 7.40

07/25 0.46 8.07 0.52 7.00

07/26 0.52 7.92 0.62 6.73

07/27 0.51 7.82 0.61 6.52

07/28 0.52 7.92 0.63 6.75

07/29 0.54 8.08 0.67 7.03

07/30 0.53 8.15 0.65 7.19

07/31 0.50 8.07 0.59 7.00

08/01 0.47 8.17 0.55 7.23

08/02 0.46 8.31 0.52 7.49

08/03 0.44 8.34 0.50 7.60

08/04 0.43 8.67 0.48 8.22

08/05 0.42 8.53 0.47 7.89

08/06 0.41 8.86 0.46 8.58

08/07 0.42 8.91 0.47 8.72

08/08 0.42 9.17 0.48 9.21

08/09 0.42 9.01 0.48 8.88

08/10 0.42 9.02 0.47 8.93

08/11 0.41 9.06 0.46 9.02

08/12 0.46 9.09 0.54 9.04

08/13 0.59 8.65 0.74 8.12

08/14 0.63 8.48 0.79 7.81

08/15 0.56 8.41 0.67 7.67

08/16 0.51 8.47 0.59 7.78

08/17 0.50 8.55 0.56 7.95

08/18 0.47 8.59 0.54 8.04

08/19 0.42 8.98 0.52 8.81

08/20 0.40 9.01 0.50 8.83

08/21 0.38 8.86 0.48 8.61

08/22 0.39 8.81 0.51 8.47

08/23 0.51 8.69 0.69 8.21

08/24 0.56 8.67 0.76 8.19

08/25 0.52 8.48 0.71 7.83

08/26 0.49 8.32 0.66 7.51

08/27 0.46 8.25 0.61 7.37

08/28 0.43 8.34 0.56 7.55

08/29 0.40 8.43 0.53 7.71

08/30 0.39 8.38 0.52 7.66

08/31 0.40 8.41 0.52 7.70

Logger # 1  Logger #2


Appendix  A.
Raw counts from video footage of salmon, trout, and char entering the lower Kanalku River, July 10 to August 18, 2008.

[image: image42.emf]Species Date LL1 LL2 LL3 LL4 LL5 LL6 LR1 LR2 LR3 LR4 LR5 LR6 UL1 UL2 UL3 UL4 UL5 UL6 UR1 UR2 UR3 UR4 UR5 UR6

Sockeye Adults 7/10/2008 9 8 4

7/11/2008 41 79 11 98

7/12/2008 147 173 138

7/13/2008 57 45 37

7/14/2008 37 35 26

7/15/2008 11 13

7/16/2008 33 126 33 77 67

7/17/2008 366 342 359 336

7/18/2008 273 253 158 145

7/19/2008 361 339 69 61

7/20/2008 0 1 0 3

7/21/2008 2 1 0 1 0 4

7/22/2008 5 12 4 0 3

7/23/2008 46 59 26 34

7/24/2008 19 32 23 22

7/25/2008 37 41 28 24

7/26/2008 44 43 17 11

7/27/2008 114 120 81 79

7/28/2008 66 63 34 33

7/29/2008 62 18 62 19 22 7 21 8

7/30/2008 15 46 26 30

7/31/2008 25 27 31 24

8/1/2008 15 16 15 9

8/2/2008 93 89 72 75

8/3/2008 6 5 6 9

8/4/2008 29 2 29 1 21 10 18 15

8/5/2008 63 51 62 70

8/6/2008 35 32 36 31

8/7/2008 9 11 23 17

8/8/2008 73 71 31 34

8/9/2008 23 29 24 35

8/10/2008 10 13 20

8/11/2008 36 34 20

8/12/2008 51 54 35 36

8/13/2008 40 2 36 7 46 2 37 1

8/14/2008 5 16 2 3

8/15/2008 1 9 4 2

8/16/2008 5 13 2 3

8/17/2008 5 15 4 1

8/18/2008 1 4 5

Sockeye Jacks 7/10/2008 0 0 0

7/11/2008 0 2 0 0

7/12/2008 10 0 0

7/13/2008 3 0 0

7/14/2008 8 0 0

7/15/2008 4 0

7/16/2008 0 1 0 0 0

7/17/2008 5 2 0 0

7/18/2008 4 0 0 0

7/19/2008 0 2 0 0

7/20/2008 2 0 0 0

7/21/2008 1 0 0 0 0 0

7/22/2008 0 5 0 0 0

7/23/2008 0 13 0 0

7/24/2008 0 4 0 0

7/25/2008 0 4 0 0

7/26/2008 0 10 1 0

7/27/2008 0 11 0 0

7/28/2008 0 12 0 0

7/29/2008 0 0 3 32 0 0 0 0

7/30/2008 0 26 0 0

7/31/2008 0 9 0 0

8/1/2008 0 12 0 0

8/2/2008 0 4 0 0

8/3/2008 0 1 0 0

8/4/2008 0 6 2 0 0 0 0 0

8/5/2008 4 2 0 2

8/6/2008 2 0 0 1

8/7/2008 0 0 0 0

8/8/2008 0 0 0 0

8/9/2008 0 0 0 0

8/10/2008 0 0 0

8/11/2008 0 0 0

8/12/2008 0 0 0 2

8/13/2008 0 0 0 0 0 0 0 2

8/14/2008 0 0 0 0

8/15/2008 0 0 0 0

8/16/2008 0 0 0 0

8/17/2008 0 0 0 0

8/18/2008 0 0 0

Camera and Card (i.e., LL1 = lower weir, left camera, SD card 1, UR6 = Upper weir, right camera, card 6, etc.)


Appendix  A.
(continued, page 2 of 3)

[image: image43.emf]Species Date LL1 LL2 LL3 LL4 LL5 LL6 LR1 LR2 LR3 LR4 LR5 LR6 UL1 UL2 UL3 UL4 UL5 UL6 UR1 UR2 UR3 UR4 UR5 UR6

Pink 7/10/2008 0 0 0

7/11/2008 0 0 0 0

7/12/2008 0 0 0

7/13/2008 0 0 0

7/14/2008 0 0 0

7/15/2008 0 1

7/16/2008 0 0 0 0 0

7/17/2008 0 0 0 0

7/18/2008 0 0 0 0

7/19/2008 0 0 0 0

7/20/2008 0 0 0 0

7/21/2008 0 0 0 0 0 0

7/22/2008 0 0 0 0 0

7/23/2008 2 1 2 3

7/24/2008 0 0 1 1

7/25/2008 0 0 0 0

7/26/2008 0 0 0 0

7/27/2008 1 0 0 0

7/28/2008 0 0 0 0

7/29/2008 0 2 0 1 0 2 0 1

7/30/2008 0 0 1 1

7/31/2008 0 0 0 0

8/1/2008 2 1 1 1

8/2/2008 0 0 0 0

8/3/2008 3 1 0 1

8/4/2008 1 0 0 0 1 0 1 0

8/5/2008 0 0 0 0

8/6/2008 0 0 1 1

8/7/2008 0 0 0 8

8/8/2008 1 1 1 0

8/9/2008 0 0 0 0

8/10/2008 0 0 0

8/11/2008 0 0 0

8/12/2008 6 5 0 0

8/13/2008 10 5 6 5 7 1 7 0

8/14/2008 56 60 7 9

8/15/2008 2 2 1 1

8/16/2008 1 1 2 1

8/17/2008 5 4 1 0

8/18/2008 0 0 0

Chum 7/10/2008 0 0 0

7/11/2008 0 0 0 0

7/12/2008 0 0 0

7/13/2008 0 0 0

7/14/2008 0 0 0

7/15/2008 0 0

7/16/2008 0 0 0 0 0

7/17/2008 0 1 1 0

7/18/2008 0 0 0 0

7/19/2008 0 0 0 0

7/20/2008 0 0 0 0

7/21/2008 0 0 0 0 0 0

7/22/2008 0 0 0 0 0

7/23/2008 0 0 0 0

7/24/2008 0 0 0 0

7/25/2008 0 0 0 0

7/26/2008 0 0 0 0

7/27/2008 1 0 1 1

7/28/2008 0 0 0 0

7/29/2008 1 0 1 0 0 0 0 0

7/30/2008 0 0 0 0

7/31/2008 0 0 0 0

8/1/2008 0 0 0 1

8/2/2008 0 0 0 0

8/3/2008 0 0 0 0

8/4/2008 0 0 0 0 0 0 0 0

8/5/2008 0 0 0 0

8/6/2008 0 0 0 0

8/7/2008 0 0 0 0

8/8/2008 0 0 0 0

8/9/2008 0 1 0 0

8/10/2008 0 0 1

8/11/2008 0 1 0

8/12/2008 0 0 0 0

8/13/2008 0 0 0 0 0 0 0 0

8/14/2008 0 15 0 0

8/15/2008 0 0 0 0

8/16/2008 0 0 0 1

8/17/2008 0 0 0 0

8/18/2008 0 0 0

Camera and Card (i.e., LL1 = lower weir, left camera, SD card 1, UR6 = Upper weir, right camera, card 6, etc.)


Appendix  A.
(Continued, page 3 of 3)

[image: image44.emf]Species Date LL1 LL2 LL3 LL4 LL5 LL6 LR1 LR2 LR3 LR4 LR5 LR6 UL1 UL2 UL3 UL4 UL5 UL6 UR1 UR2 UR3 UR4 UR5 UR6

Dolly Varden 7/10/2008 1 0 0

7/11/2008 0 0 1 3

7/12/2008 2 3 3

7/13/2008 11 1 2

7/14/2008 9 0 2

7/15/2008 4 1

7/16/2008 0 8 1 1 3

7/17/2008 3 19 14 5

7/18/2008 5 10 6 1

7/19/2008 22 26 7 9

7/20/2008 6 6 0 0

7/21/2008 5 2 5 0 0 0

7/22/2008 0 0 0 0 0

7/23/2008 17 0 16 6

7/24/2008 8 5 3 3

7/25/2008 5 17 7 0

7/26/2008 12 27 10 3

7/27/2008 13 25 18 2

7/28/2008 25 40 28 4

7/29/2008 33 8 43 4 23 1 6 0

7/30/2008 18 44 19 15

7/31/2008 14 51 18 7

8/1/2008 32 63 17 13

8/2/2008 42 62 37 34

8/3/2008 24 39 7 6

8/4/2008 22 3 35 4 23 3 12 4

8/5/2008 116 126 21 49

8/6/2008 266 220 49 93

8/7/2008 188 162 21 19

8/8/2008 216 208 30 36

8/9/2008 108 103 14 19

8/10/2008 94 74 16

8/11/2008 107 92 16

8/12/2008 480 133 132 104

8/13/2008 162 198 60 150 97 94 70 101

8/14/2008 159 81 21 39

8/15/2008 52 18 27 19

8/16/2008 52 12 19 30

8/17/2008 28 10 23 16

8/18/2008 8 2 5

Cutthroat 7/10/2008 1 0 0

7/11/2008 0 0 3 0

7/12/2008 6 3 0

7/13/2008 2 0 2

7/14/2008 4 0 1

7/15/2008 0 1

7/16/2008 0 2 0 2 0

7/17/2008 0 4 3 0

7/18/2008 0 1 0 0

7/19/2008 1 1 1 2

7/20/2008 3 0 0 0

7/21/2008 3 0 3 0 0 0

7/22/2008 7 0 0 0 0

7/23/2008 4 0 0 1

7/24/2008 2 0 1 1

7/25/2008 1 0 0 0

7/26/2008 6 2 1 1

7/27/2008 12 0 0 0

7/28/2008 16 7 3 0

7/29/2008 11 27 4 1 6 1 1 0

7/30/2008 27 8 1 1

7/31/2008 15 5 0 0

8/1/2008 10 1 0 0

8/2/2008 76 3 0 1

8/3/2008 11 1 0 0

8/4/2008 5 4 4 0 1 0 0 0

8/5/2008 5 2 0 2

8/6/2008 1 4 1 1

8/7/2008 5 1 0 0

8/8/2008 5 1 4 1

8/9/2008 1 1 0 0

8/10/2008 3 0 0

8/11/2008 0 1 2

8/12/2008 2 1 2 2

8/13/2008 0 1 0 0 0 0 0 0

8/14/2008 3 2 1 2

8/15/2008 1 0 2 1

8/16/2008 1 1 0 0

8/17/2008 1 0 0 0

8/18/2008 0 0 1

Camera and Card (i.e., LL1 = lower weir, left camera, SD card 1, UR6 = Upper weir, right camera, card 6, etc.)
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� Disclaimer: the use of trade names, manufacturers, or suppliers of commercial products in this report does not constitute endorsement or recommendation for use by the federal government.
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