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EXECUTIVE SUMMARY 

 

 

 As part of an ongoing study to examine fish behavior at hydropower dams, we 

gastrically implanted radiotelemetry tags in a total of 3,142 adult fall-run Chinook salmon 

(Oncorhynchus tshawytscha) and monitored their movements as they migrated upstream 

through the Columbia River Basin in 1998, 2000, and 2001.  Radio receivers were placed 

along the Columbia River, at the mouths of most tributaries, and throughout the various 

fishways at four lower Columbia River dams (Bonneville, The Dalles, John Day, and 

McNary Dams).  Passage efficiency at these dams ranged from 86.5 to 97.4% during the 

3 years and varied little through time at three of the four dams (The Dalles Dam being the 

exception).   

 

 Similarly, differences in dam passage durations were greater between dams than 

between years (medians ranged from 10 to 30 h across all dams and years).  McNary Dam 

produced the fastest passage times in each year, and passage duration in 2000 was most 

often the longest relative to other years within a dam.  Although fish approached all 

entrances to the fishways, they tended to approach, enter, and exit from the main 

entrances the most, on both their first attempt and all subsequent attempts.  Entrance 

usage patterns were dam-specific, but interannual variability in entrance use was low at 

all dams.   

 

 We determined the amount of time fish spent in various segments of the fishways.  

Although fall Chinook salmon spent the majority of their time in the tailrace and at the 

base of dams, they tended to do so both before and after attempting to pass the dam.  

Total time spent within the dam structure was consistently low, particularly in the 

collection channel and transition pool segments.  However, these areas represented the 

most common places where fish turned around during failed attempts at dam passage.  

Turn-arounds were observed in all segments of the fishways at each dam examined.  

These trends were consistent among years but varied slightly among dams.   

 

 Rates of fallback at dams varied among dams, with rates at The Dalles Dam being 

the highest (7.0 to 10.5% of the fish that passed).  At Bonneville and McNary Dams in 

particular, fallback rates depended on the fishway used to pass the dam; the Oregon shore 

produced proportionally higher fallback rates compared to the Washington shore 

fishways.  Fallback rates varied among years by a few percent at each dam.   
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INTRODUCTION 

 

 

 An important aspect of research on adult Pacific salmonids (Oncorhynchus spp.) 

has been to describe how fish moved past dams in the lower Columbia and Snake Rivers.  

Accurately monitoring movements of fish outfitted with radio transmitters at dams was 

significantly enhanced with the development of digital spectrum processors (DSP), 

which, when combined with SRX radio receivers (SRX/DSP units), allowed 

simultaneous monitoring of all transmitter frequencies.  SRX/DSP radio receivers were 

first used to monitor fishway entrance use by steelhead (O. mykiss) at Lower Granite Dam 

in 1992 (Bjornn et al. 1994).   

 

 Monitoring fishway entrance use and movements within the fishways of adult 

salmon and steelhead at all four of the lower Snake River dams began in spring 1993 and 

continued through 1994.  Antennas connected to SRX/DSP receivers were placed near 

entrances to fishways, within fishways, and at the top of the ladders at all four lower 

Snake River Dams.  With this telemetry system, we monitored movements of individual 

fish outfitted with transmitters as they approached entrances to fishways, determined 

openings used by fish to enter and exit fishways, documented movement within fishways, 

and assessed the time required for fish to pass the dams.   

 

 Here we report passage results for fall Chinook salmon for 1998, 2000, and 2001 

(fall Chinook salmon were not tagged in 1999), which included, but were not limited to, 

fishway entrance use, movements in the fishways, delay and passage times at lower 

Columbia River dams, and routes and rates of fallback events.  Detailed information on 

fishway use and passage in years prior to 1998 and for other runs and species was 

reported in Bjornn et al. (1995, 1998), Keefer et al. (2003a), and Naughton et al. (2005). 
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TAGGING METHODS 

 

 

 Fall Chinook salmon (O. tshawytscha, mean length = 81.4 cm, range 47 to 116.5 

cm; Figure 1) were collected and outfitted with radio transmitters at the Washington 

shore Adult Fish Facility (AFF) at Bonneville Dam on the mainstem Columbia River 

(river kilometer (rkm) 235.1; Table 1).  Sampling started in early August (except in 1998, 

when high water temperatures precluded sampling until September) and ran through 

October; these times were set to coincide with the fall Chinook run at large (Table 1; 

Figure 2).  To maximize sample sizes across the lower Columbia River hydropower 

projects, upriver bright fall Chinook were selected when possible (and tules, which 

usually spawn in tributaries of the lower Columbia River, selected against).   

 

 At each of the four lower Columbia River dams, SRX receivers were used to 

determine when tagged fish first entered the tailrace of a dam.  SRX/DSP receivers placed 

in and around the various fishways were used to determine when a fish approached a 

dam, entered a fishway, moved within the fishway, and exited the fishway (see 

Appendix A for maps of antenna locations).  Bjornn et al. (2000) and Keefer et al. (2004) 

provide a detailed description of tagging and monitoring methods used throughout the 

basin.  Methods and results for individual analyses in this report appear below. 

 

 

 

 

Table 1.  Number of fish released above and below Bonneville Dam (BO).  Date range is 

for releases.   

 

 

    
 1998 2000 2001 

 1 Sep-15 Oct 1 Aug-23 Oct 1 Aug-15 Oct 

    
    
Total number tagged 1,032 1,118 992 

Released downstream of BO 1,032 745 561 

Released upstream of BO 0 373 431 
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Figure 1.  Length frequency distribution of radio-tagged fall Chinook salmon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Average count of fall Chinook salmon at Bonneville Dam from 1992 to 2001 

and the number radio-tagged in each year of our study. 
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PASSAGE EFFICIENCY 

 

 

Methods 

 

 We calculated fish passage efficiency for each of the four lower Columbia River 

dams.  We defined passage efficiency as the number of fish passing a dam divided by the 

number of fish that had an opportunity to pass.  The opportunity to pass was determined 

two ways; first we included all fish that were detected at the dam, and then we included 

only those fish that entered a fishway at that dam.  Because some fish were released 

upstream from Bonneville Dam in 2000 and 2001, we used only fish that were released 

downstream from Bonneville Dam for this analysis.  However, all fish that approached 

The Dalles, John Day, and McNary Dams were included in analyses of passage at these 

dams. 

 

 Because fallback events cause fish to expend more energy and can reduce 

escapement to spawning grounds (Boggs et al. 2003), we noted fallbacks at each dam. 

These events were identified by detections downstream from a dam that occurred after a 

fish passed that dam.  For fish that fell back at a dam, we included in our analysis of dam 

passage time and passage efficiency only detections occurring before the fallback event.  

We also calculated passage efficiency on subsequent passage attempts, including only 

detections occurring after the fallback event. 

 

 

Results 

 

 Passage efficiency (before fallback) for all fish detected anywhere at these four 

dams ranged from 86.5 to 97.4% for the 3 years reported here (Table 2).  Using only fish 

that entered a fishway, passage efficiency ranged from 88.9 to 100%.  Passage efficiency 

at John Day Dam was slightly different in both magnitude and variability from the other 

three lower Columbia River dams.  At John Day Dam, passage efficiency was variable 

among years and increased monotonically from 1998 to 2001, whereas at Bonneville, The 

Dalles, and McNary Dams, passage efficiency (for fish detected anywhere) was lowest in 

2000, differed relatively little between years, and did not provide evidence of clear trends.   

 

 For fish that fell back over a dam, reascension rates were much lower than 

passage efficiency of fish making their first ascent.  Rates ranged from under 10% at John 

Day Dam (1998) to 76% at Bonneville Dam (2001).  However, when considering only 

those fish that re-entered a fishway, passage efficiency was higher in all cases (although 

sample sizes were very low).  This higher passage efficiency using only fish that entered a 

fishway was substantial, but passage efficiency numbers at John Day Dam in 1998 and 

2000 were still very low following fallback events.  See Boggs et al. (2004) for more 

information on reascension rates.  
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Table 2.  Passage efficiency at dams defined as number of fish passing a dam divided by either the number of fish detected 

anywhere at a dam or the number of fish that entered a fishway.  Upper panel represents passage efficiency before any 

fallback events; lower represents passage efficiency after a fallback event.   

 

  1998  2000  2001 

  Bonneville 

The 

Dalles 

John 

Day McNary  Bonneville 

The 

Dalles 

John 

Day McNary  Bonneville 

The 

Dalles 

John 

Day McNary 

                
  Before fallback 

Number released below dam  1032 1032 1032 1032  745 1118 1118 1118  561 992 992 992 

Number recorded anywhere at dam  977 690 557 439  708 835 641 483  548 794 615 499 

Number recorded approaching dam  931 666 547 433  668 782 630 468  527 764 606 496 

Number recorded entering fishway  918 657 542 430  657 773 628 467  521 752 605 494 

Number passed  914 628 482 428  659 738 567 456  521 713 580 482 

Passage efficiency (all detections)  93.5 91.0 86.5 97.4  93.0 88.3 88.4 94.4  95.0 89.8 94.3 96.5 

Passage efficiency (fish that entered)  99.5 95.5 88.9 99.5  100 95.4 90.2 97.6  100 94.8 95.8 97.5 

                
  After fallback 

Number that fell back  32 66 19 9  26 62 14 9  25 50 15 17 

Number recorded anywhere at dam  32 55 16 9  26 52 10 8  25 50 12 16 

Number recorded approaching dam  16 23 6 7  21 27 6 2  23 27 4 9 

Number recorded entering fishway  18 22 5 4  18 24 4 2  19 25 4 9 

Number passed  14 19 1 3  17 22 1 2  19 21 3 7 

Passage Efficiency (all detections)  43.7 34.5 6.2 33.3  65.3 42.3 10.0 25.0  76.0 42.0 25.0 43.7 

Passage Efficiency (fish that entered)  77.7 86.3 20.0 75.0  94.4 91.6 25.0 100  100 84.0 75.0 77.7 
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PASSAGE DURATION 

 

 

Methods 

 

 For passage duration calculations, we determined the timing of three events for 

each fish, defined as follows: 

 

1) Arrival in the area of a dam tailrace:  the first detection of a fish at a tailrace receiver 

(between 1.8 and 3.2 km downstream from each dam).   

 

2) First approach to a dam fishway entrance:  the first detection at a receiver just 

outside a fishway entrance.   

 

3) Passage of a dam:  the last detection at the top of a ladder. 

 

Using these records, we calculated the time from arrival in the tailrace to first approach, 

the time from first approach to dam passage, and the total passage time from arrival in the 

tailrace to dam passage.  Some fish were not detected at one or more of these endpoints 

and, therefore, were not included in this analysis. 

 

 Similar passage times were calculated for fish that fell back over a dam to 

determine whether fish perform differently on their second ascension.  In the case of fish 

with multiple fallbacks, only the data recorded during the first re-ascension were used in 

this analysis. 

 

 

Results 

 

 Apparent in much of the passage duration data was a distinct diel effect.  It is 

beyond the scope of this report to elucidate the exact diel trend, but techniques are 

available for such analyses (Moser et al. 2004; Naughton et al. 2005), and results for 

Chinook are forthcoming.  Diel trends were evident even in simple counts of coded 

records of fish movement (Figure 3).  Since a coded record is always the first of a block 

of detections at a particular site (for a given fish), the timing of coded records more often 

than not represents the arrival to a particular area, and therefore indicates at least some 

movement of the fish.  The timing of coded records clearly indicated that most salmon 

activity occurred from approximately 0600 to 1800 hours. 
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Figure 3.  Frequency of coded records of fish movement per hour of the day for 1998. 

LT = last top, LP = last pool, FP = first pool, E1 = first entrance into fishway, 

A1 = first approach to fishway, F1 and L1 = first approach and last departure 

from downstream areas, All = all coded records for fall Chinook in 1998 (right 

axis).   

 

 

 

 Median passage durations resulting from these fish movements are shown in 

Table 3.  Sample sizes ranged from 178 to 882 fish.  With few exceptions, differences in 

passage duration were greater among dams than among years (Figures 4-6).  In all cases, 

the distribution of times to pass a dam (whether measured from arrival downstream or 

first approach) was highly skewed to the right.  Therefore, all statistical analyses were 

nonparametric, and we tested for differences between distributions of passage times, 

rather than medians.   
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Table 3.  Median duration (h) and sample size (n) for pre-fallback passage events.  

 

 

       

  

Arrival in the area to 

first approach 

 at a dam  

First approach at a 

dam to dam 

passage  

Arrival in the area to 

dam passage 

Dam Year 

Duration 

(h) n  

Duration 

(h) n  

Duration 

(h) n 

          
Bonneville 1998 2.0 792  14.9 882  20.6 784 

 2000 2.9 543  12.9 637  21.8 543 

 2001 2.5 471  10.1 502  17.1 474 

          

The Dalles 1998 3.3 231  11.4 589  16.0 222 

 2000 4.0 312  14.5 696  19.2 301 

 2001 3.5 496  11.2 686  17.6 468 

          

John Day 1998 1.6 344  21.9 361  23.1 299 

 2000 1.6 279  30.0 525  32.4 261 

 2001 1.4 282  20.0 542  21.4 284 

          

McNary 1998 1.6 306  7.7 385  10.1 283 

 2000 1.9 197  11.0 424  16.5 178 

 2001 1.7 294  10.7 425  13.9 273 
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Figure 4.  Cumulative proportion of fish as a function of duration from the first detection 

downstream from a dam to the first approach at that dam.  Median passage 

times are shown in Table 3.   
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Figure 5.  Cumulative proportion of fish as a function of duration from the first approach 

at a dam to the last detection at the top of the ladder at that dam.  Median 

passage times are shown in Table 3.   
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Figure 6.  Cumulative proportion of fish as a function of duration from the first detection 

downstream from a dam to the last detection at the top of the ladder at that 

dam.  Median passage times are shown in Table 3.   
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 For time from downstream arrival in the area to first approach, median salmon 

passage times were longest at The Dalles Dam in all 3 years (Table 3), ranging from 3.3 

to 4.0 h.  However, the median passage time is only one attribute of a non-normal 

distribution.  At Bonneville Dam, for example, the cumulative distribution of first to last 

detection passage times (Figure 6) indicated a bimodal distribution of passage times, 

where the 80th percentile was much larger than that for The Dalles Dam.  The bimodal 

patterns follow 12- and 24-hour intervals, relating to the diel patterns of fish activity. 

 

 Median passage duration from first approach to passage ranged from 7.7 (McNary 

Dam, 1998) to 30.0 h (John Day Dam, 2000, Figure 5).  John Day Dam had longer 

passage time distributions than all three other dams in every year (Wilcoxon rank sum 

test, P <0.0001).  Across dams, passage duration was longest in 2000 in most cases 

(Wilcoxon rank sum test, P <0.05).  The only exceptions to this were at Bonneville Dam 

in 1998 and McNary Dam in 2001 (neither of which was significantly different from 

2000, P >0.05).   

 

 When we examine the time from arrival in the area of a dam to passage of that 

dam, both the median values and the cumulative proportion values (Figure 6) were lowest 

in 2000 in all cases. The overall range was 10.1 (McNary Dam, 1998) to 32.4 h (John 

Day Dam, 2000).  John Day Dam was again consistently the longest to pass on median, 

but not as drastically as for duration from first approach to passage.  Also, as with passage 

duration calculated as time from first approach to passage, differences between 1998 and 

2001 were usually less significant than between either year and 2000. 

 

 Due to small sample sizes, only median values of post-fallback passage time (for 

fish that fell back) are reported (Table 4).  As with pre-fallback passage times, we report 

three separate passage metrics:  arrival in the area to first approach of the dam, first 

approach to dam passage, and arrival in the area to dam passage.  Median passage times 

across the three metrics ranged from 1.7 to 604.4 h (n = 1 in both cases).  In most cases, 

post-fallback median passage times were either not significantly different from or longer 

than pre-fallback median passage times, though this was not always true (e.g., first 

approach to passage at Bonneville Dam in 1998). 
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Table 4.  Median passage duration (h) and sample size (n) for post-fallback passage 

events.   

 

 

       

  

Arrival in the area to 

first approach 

 at a dam  

First approach at a 

dam to dam 

passage  

Arrival in the area to 

dam passage 

Dam Year 

Duration 

(h) n  

Duration 

(h) n  

Duration 

(h) n 

          
          

Bonneville 1998 40.4* 6  4.9* 10  41.7 5 

 2000 12.5* 28  10.8 34  46.2 27 

 2001 6.7* 55  13.4 61  21.1* 51 

          

The Dalles 1998 23.9* 12  14.5 16  34.5* 12 

 2000 9.4* 14  14.9 19  27.9 15 

 2001 4.0 17  8.7 18  17.5 16 

          

John Day 1998 123.8 1  140.2 1  N/A 0 

 2000 10.5* 2  135.3 1  N/A 0 

 2001 39.2 4  10.0 3  144.5 3 

          

McNary 1998 444.1* 2  29.0* 3  604.4 1 

 2000 1.7 1  435.3 1  437.0 1 

 2001 1.9 5  13.6 7  19.9 4 

          

 

* Significantly different than corresponding value in Table 3 (Wilcoxon rank sum test, P <0.05).   
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FISHWAY USE AND BEHAVIOR 

 

 

 Radio receivers were set up strategically within each fishway to ensure adequate 

coverage for determining fish behavior.  In addition to passage efficiency and duration, 

the placement of these receivers enabled us to follow fish movement in and around the 

entrances to the various fishways.  We examined behavior within the fishways both in 

terms of how long fish spend in various segments of each fishway and how often fish 

change direction within a fishway. 

 

 

Approaches, Entrances, and Exits into/from Fishways 

 

Methods 

 

 For each dam, we analyzed the number of times that adult fall Chinook salmon 

passed through individually monitored entrances.  We obtained less spatial resolution in 

2000 and 2001 at Bonneville Dam Powerhouse 2 and the McNary Dam powerhouse 

because fewer entrance locations were monitored than in 1998.  As with other analyses, 

fish released upstream from Bonneville Dam were not included in the calculations at 

Bonneville Dam. 

 

 We computed first approaches (the first fishway entrance approached by an 

individual fish), and all approaches (all approaches, including the first approaches, that 

were made at a given entrance) at each dam.  An approach was defined as the detection of 

a radio-tagged fish at an antenna positioned outside an entrance.  After their first 

approach, fish often approached multiple entrances and orifice gates many times.  

However, it was difficult to discern whether a fish was approaching an entrance or merely 

swimming past it.  Occasionally, a fish was detected inside the fishway without being 

detected outside the entrance.  This was termed “unknown approach.”  If it was clear 

which entrance location the fish had approached, the data were assigned to that entrance.  

If it was unclear which entrance was approached, the data were assigned to the fishway 

system where the fish approached (e.g., Washington-shore fishway), but not an individual 

approach location. 

 

 Similarly, we computed first entrances (the first entrance location for an 

individual fish), and all entrances (all entrances, including first entrances) that were made 

at a given location.  An entrance was defined as the detection of a transmitter by an 

antenna positioned inside a fishway.  When it was clear which entrance location was 
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used, but the time of entry was not clear (“unknown entrance”), the passage was assigned 

to that entrance location.  If the entrance location was not clear, the passage was assigned 

to the fishway system that was entered.  We also computed apparent entrance efficiency, 

defined as the number of fish that first entered a particular fishway entrance divided by 

the number of fish that made their first approach to that fishway entrance. 

 

 A third metric, assessing fishway exits, was also evaluated.  Exits were defined as 

detection in a fishway followed by detection outside of and downstream from the 

fishway.  We determined the number of first exits (the first exit location for fish that 

entered and subsequently exited the fishway into the tailrace), and all exits (all exits, 

including first exits) that were made at a given location.  An “Unknown exit” (fish 

detected downstream from the fishway but not directly detected exiting the fishway) was 

assigned to specific locations when the exit location was clear from previous and 

subsequent detections.  Otherwise, data were assigned to the fishway system that the fish 

had exited. 

 

 For fish that fell back downstream after having reached the dam forebay, we 

compared the approach, entrance, and exit locations before and after the fallback event.  

For fish with multiple fallbacks, only the events recorded during the first re-ascension 

were used.   

 

Results 

 

 In general, interannual variability in entrance use was low for the lower Columbia 

River dams (Appendices B and C).  However, there were distinct usage patterns for fall 

Chinook salmon at each dam.  These results focus on entrance usage during dam passage 

attempts prior to fallback events; behaviors after fallbacks were similar (Appendix C).  

Similarly, fishway usage for all events (approaches, entrances, and exits) directly 

followed the pattern for first approach, first entrance, and first exit. 

 

 Bonneville Dam—With all years combined, fish made approaches in roughly 

equal numbers at powerhouse 1 (PH1) and powerhouse 2 (PH2).  We observed fewer first 

approaches at the main entrances adjacent to the spillway than at the powerhouses.  At the 

powerhouses, fish made initial approaches at all main ladder entrances, though more fish 

initially approached the north shore of PH2 than other PH2 entrances.  In 1998 and 2001, 

fish tended to first approach, first enter, and pass via the Washington shore ladder in 

greater proportions than via the Oregon shore ladder (Table 5).  However, in 2000, the 

opposite trend occurred; fish used the Oregon shore ladder more frequently for all three 

activities.   
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Table 5.  Number of radio-tagged adult subyearling Chinook salmon known to make first approaches, first entrances, and pass 

a dam via each of two ladders or pass via the navigation lock.   

 

 

         
  Bonneville Dam  The Dalles Dam  John Day Dam  McNary Dam 

  

WA 

Shore 

OR 

Shore Nav  North East Nav  North South Nav  North South Nav 

                 
                 

1998 Approached 542 427 N/A  34 601 N/A  42 436 N/A  77 347 N/A 

 Entered 517 301 N/A  35 552 N/A  39 294 N/A  128 281 N/A 

 Passed 471 407 32  91 538 0  136 345 0  227 199 2 

                 

2000 Approached 275 385 N/A  62 691 N/A  22 577 N/A  66 391 N/A 

 Entered 229 351 N/A  72 647 N/A  39 439 N/A  164 206 N/A 

 Passed 245 385 29  112 626 0  182 386 0  298 150 8 

                 

2001 Approached 358 157 N/A  91 646 N/A  21 551 N/A  58 416 N/A 

 Entered 285 160 N/A  77 602 N/A  19 410 N/A  81 292 N/A 

 Passed 303 206 12  100 613 0  31 549 0  148 334 0 
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 Apparent entrance efficiency (first entrances divided by first approaches) differed 

among fishway entrances.  Specifically, the PH2 south shore had many more first 

entrances per first approach than the PH2 north shore.  A similar pattern occurred at PH1, 

though the difference in efficiency between the south entrance and the north entrance was 

not as large as at PH2.  At both Bonneville Dam powerhouses, the orifice gates had many 

fewer entrances than approaches.  Fall Chinook salmon exited Bonneville Dam fishways 

in roughly the same distribution across entrances as they used fishways to enter. 

 

 The Dalles Dam—Fish tended to first approach at the east ladder entrance 

(Table 5; Appendices B and C).  Entrance efficiency here was high; there were even more 

fish that made a first entrance at the east ladder than made their first approach at this 

location.  Unlike what was observed at Bonneville Dam, fish used different entrances to 

exit the fishways than they used to enter them.  In fact, the majority of exits (between 47 

and 65%) were from the entrance adjacent to the south side of the spillway.  Relatively 

few fish used the north shore fishway for approaches, entrances, exits, or passage. 

 

 John Day Dam—Similar to what was observed at The Dalles Dam, very few fish 

used the north ladder entrances for any activities.  Although fish apparently approached 

the John Day Dam entrances in the same proportion as they entered them, the number of 

unknown entrances was high (Appendices B and C).  It was therefore difficult to estimate 

entrance efficiency for the south ladder (Table 5).  Likewise, we were unable to determine 

whether fish entered the John Day Dam fishways in the same proportions as they exited 

them. 

 

 McNary Dam—As at the other dams, interannual variability in entrance use was 

low at McNary Dam (Appendices B and C).  Most first approaches were made at either 

the south spillway entrance, the north end of the powerhouse, or the main entrance to the 

north ladder.  Although fewer fish were detected entering the north end of the 

powerhouse than were detected approaching, the number of unknown entrances was 

higher than the number of unknown approaches.  Many of the unknown entrances could 

have been at the north end of the powerhouse, making the number of approaches and the 

number of entrances comparable.  However, more fish first entered the north ladder 

entrance than made their first approach there, and more fish passed via the north ladder 

than first approached or first entered that ladder (Table 5). 

 

 After their first approach, fish approached multiple entrances and orifice gates 

many times.  In general, proportional use of entrances was not different between the first 

entrance or exit and all subsequent entrances or exits (Appendices B and C). 
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Duration in Fishway Segments 

 

Methods 

 

 To determine the total amount of time fish spent in various stretches of the 

fishway and tailrace, we first divided the area around each dam into 5 segments, defined 

as follows: 

1) Tailrace:  from the downstream antennas (1.8 to 3.2 km downstream from each 

dam) to the area of detection at the base of the powerhouses or spillways.   

2) Base of the dam:  the area of detection at the base of the powerhouses and spillways 

but outside of the actual fishway.  

3) Collection channel:  from just inside the various fishway entrances to either the 

confluence of the various channels or the first submerged weir, depending on the 

design of the fishway.   

4) Transition pool:  from the end of the collection channel to the first emerged weir.   

5) Ladder:  from the first emerged weir to the top of the fishway, including the ladder 

exit. 

We calculated the time from the first detection in any given segment to the first detection 

in any other segment.  Thus, we assumed that fish remained in the segment where they 

were last detected until we had evidence that they were somewhere else.  However, three 

situations affect the accuracy of this determination:  differences in receiver coverage 

between dams, the distance between receivers in some locations, and the fact that 

detection probability is not 100%.  To estimate the potential bias resulting from some 

dams having more complete receiver coverage than others, we analyzed all available data 

and compared results to similar analyses where we intentionally removed large portions 

of the data set (simulating no coverage).  Since the powerhouses were monitored at some 

dams and not others, we focused this test on powerhouse receivers.  This assessment of 

how results changed based on the presence of receivers in particular locations showed 

that the presence/absence of receivers at the base of the powerhouse did not significantly 

alter the results for duration in segments.  The possibility of mis-assignment of time to 

segments remains, particularly for distinguishing between the tailrace and the base of the 

dam, so results should be viewed as estimates of segment time and not absolute durations.   

 

 We calculated the duration in each segment each time the fish entered it, since 

fish tended to enter a particular segment more than once.  All durations in a particular 

segment were then summed, regardless of how many times the fish entered and exited 

that segment.  Fish that were not detected in a segment were not included in the 

calculation for that segment.   
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Results 

 

 Segment times ranged widely, and the distributions were highly skewed.  Data are 

presented as the cumulative proportion of the fish that spent less or equal time in a 

segment than the time reported for that segment (Figures 7-10).  For example, 80% of the 

fish spent a total of 4 h or less in the ladder segment at Bonneville Dam in 2000.  Overall, 

fish consistently spent less time in the collection channel and the transition pool than in 

other segments of the fishways (Figures 7-10, Table 6).  In most cases, over 90% of the 

fish spent less than 2 h in each of these segments.  The range of medians for the collection 

channel was 0.3 (McNary Dam, 2000) to 3.2 h (John Day Dam, 2000), while that for the 

transition pool was 0.3 (Bonneville Dam, 2000) to 1.7 h (McNary Dam, 1998; Table 6).   

 

 The amount of time spent in the other segments was dam-specific, though the 

tailrace and base of the dam segments consistently had the longest durations across dams 

(medians ranged from 1.4 to 16.8 h).  At Bonneville Dam, fish spent more time in the 

ladder than in the collection channel or the transition pool, but less time than in the 

tailrace and base of the dam segments.  At The Dalles and John Day Dams, time spent in 

the ladder was more comparable to the amount of time spent in the collection channel and 

transition pools, with most of the time spent at the base of the dam.  At McNary Dam, 

fish spent relatively little time in all segments except the base of the dam, where fish 

spent, on median, between 2.8 and 5.7 h. 

 

 Among-year differences were minor.  At Bonneville Dam, fish spent more time in 

the tailrace in 1998 than in the other 2 years.  In 2000, they spent more time at the base of 

the dam than in the other 2 years (a pattern seen at all four dams).  And in 2001, they 

spent more time in the ladder than in the other 2 years.  Interannual variability at the other 

dams was of similar magnitude to that at Bonneville Dam, but the pattern of time spent in 

the different segments varied among dams (Figures 7-10).   
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Figure 7.  Cumulative proportion of fish as a function of total amount of time spent in 

each of five fishway segments at Bonneville Dam in 1998, 2000, and 2001.  

Filled symbols indicate segments downstream from the fishway (TR = tailrace, 

BD = base of the dam); open symbols are areas inside the fishway 

(CC = collection channel, TP = transition pool, LD = ladder). 
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Figure 8.  Cumulative proportion of fish as a function of total amount of time spent in 

each of five fishway segments at The Dalles Dam in 1998, 2000, and 2001.  

Filled symbols indicate segments downstream from the fishway (TR = tailrace, 

BD = base of the dam); open symbols are areas inside the fishway 

(CC = collection channel, TP = transition pool, LD = ladder).   

1998 
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Figure 9.  Cumulative proportion of fish as a function of total amount of time spent in 

each of five fishway segments at John Day Dam in 1998, 2000, and 2001.  

Filled symbols indicate segments downstream from the fishway (TR = tailrace, 

BD = base of the dam); open symbols are areas inside the fishway 

(CC = collection channel, TP = transition pool, LD = ladder). 

1998 
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Figure 10.  Cumulative proportion of fish as a function of total amount of time spent in 

each of five fishway segments at McNary Dam in 1998, 2000, and 2001.  

Filled symbols indicate segments downstream from the fishway 

(TR = tailrace, BD = base of the dam); open symbols are areas inside the 

fishway (CC = collection channel, TP = transition pool, LD = ladder).   

1998 
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Table 6.  Median time in each segment of the fishways and time between segments for 

radio-tagged adult fall Chinook salmon.   

 

 

      
 Median total time spent in fishway segment (h) 

 Tailrace Base of the dam 

Collection 

channel Transition pool Ladder 

       
Bonneville Dam 

1998 12.4 2.5 0.6 0.5 3.0 

2000 12.9 4.1 0.5 0.3 2.6 

2001 8.7 2.4 0.4 0.4 3.4 

The Dalles Dam 

1998 4.6 5.5 0.9 0.7 2.0 

2000 3.7 11.6 0.6 1.1 1.9 

2001 3.1 6.8 0.5 0.8 2.3 

John Day Dam 

1998 4.6 9.5 2.1 0.7 2.7 

2000 12.2 16.8 3.2 0.7 2.8 

2001 4.9 9.0 2.2 0.4 3.1 

McNary Dam 

1998 1.4 2.8 0.5 1.7 1.9 

2000 2.5 5.7 0.3 0.7 2.2 

2001 2.1 4.8 0.6 0.6 2.9 

      

      Median time between first detection in a segment and first detection in next segment (h)* 

  
Bonneville Dam 

1998 2.0 0.6 0.2 2.2 2.9 

2000 2.7 1.1 0.2 1.5 2.5 

2001 2.5 0.5 0.2 0.9 3.3 

The Dalles Dam 

1998 3.4 1.3 0.0 2.3 2.0 

2000 4.1 0.8 0.0 4.1 1.9 

2001 3.5 0.5 0.0 2.1 2.3 

John Day Dam 

1998 1.5 0.5 1.2 9.0 2.8 

2000 1.6 0.8 2.0 22.0 2.9 

2001 1.4 0.5 1.3 6.6 3.2 

McNary Dam 

1998 1.6 0.5 0.2 1.4 2.5 

2000 1.9 1.2 0.0 3.0 2.1 

2001 1.7 0.8 0.3 2.7 2.8 

 

 

 

 

 

 

 

 

* Except in the transition pool, where time values are from the first detection in the transition pool to the 

last detection in the transition pool (this format was used in previous reports; e.g., Keefer et al. 2003a).   
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Turn-Arounds 

 

Methods 

 

 To determine how many times a fish reversed direction within the fishways, we 

divided each fishway into five segments, as in the previous analysis.  Because the five 

segments are sequential within a fishway, we first determined which direction a fish was 

traveling by marking detections in one segment followed by detections in a separate 

segment (either upstream or downstream from the first segment).  We then counted 

changes in direction between segments for each fish.  For each direction reversal, we 

assigned turn-arounds to the segment where the terminal detection occurred.  For 

example, if a fish was detected in the collection channel and then detected in the 

transition pool, we determined that it was swimming upstream.  If that fish was then 

detected in the collection channel again, we assigned a turn-around (from upstream to 

downstream) to the transition pool segment. 

 

 In addition, we examined how far back fish retreated after a turn-around by 

looking at the segment where the fish again started moving upstream following the 

turn-around event.  For example, a fish that turned around in the ladder and retreated back 

to the tailrace (below the dam but outside of the fishways) was assigned a turn-around in 

the ladder and an exit to the tailrace.  However, turn-arounds were not assigned to the 

transition pool and collection channel segments through which the fish passed after 

turning around in the ladder.  Turn-arounds are reported for each segment and are 

summarized based on how far the fish retreated.  Only fish that eventually passed the dam 

were included in the analysis.  As with other analyses, if a fish fell back at a dam, only 

behavior before that fallback event was included. 

 

 In some instances, fish were not detected in a particular segment, even though 

they did swim through it (we know this based on detections on either side of the 

segment).  By definition, not being detected in a segment would preclude a determination 

of reversing direction in that segment.  Hence, there was the potential for bias against 

segments with low detection probability.  This was especially true of the north fishway 

collection channels at The Dalles and McNary Dams, where the extent of the collection 

channel segment depended on the tailwater level, and the position of the receivers 

resulted in minimal coverage of this area.  However, we ran these analyses twice:  once 

including all fish, regardless of detection in each segment, and a second time including 

only fish that were detected at least once in each of the five segments.  Results were 

similar for the two analyses, indicating that any bias due to detection probability was 

small.  Therefore, we only reported results for the analysis that included all fish.   
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Results 

 

 Across all dams and years, 67 to 98% of fish reversed direction at least once while 

heading upstream and turn-arounds occurred in all fishway segments at each dam 

examined (Table 7).  Subsequent downstream reversals (segments to which fish retreated 

before turning around and heading back upstream) occurred mostly in areas outside of the 

dam fishways, though Bonneville Dam and John Day Dam collection channel segments 

were also common downstream reversal areas for many fish (Table 7).   

 

 Many fish that reversed direction did so more than once (Figures 11 and 12).  

Across all dams and years, individual fish reversed direction from 0 to 173 times for a 

single fishway segment.  However, the median number of attempts per fish at each 

segment was from 1 to 2 attempts.  While migrating upstream, fish reversed directions 

relatively few times at both The Dalles and McNary Dams (Figures 11 and 12); the 

median number of turns in each of the fishway segments and in each year was less than or 

equal to 2, and the 90th percentile was less than or equal to 8 turns.  Similarly, at 

Bonneville Dam in 2000 and 2001, fish exhibited relatively few turns.  However, in 1998, 

some fish swam into ladders at Bonneville Dam and reversed direction many times.  The 

75th percentile in ladders was greater than 5 attempts and the 90th percentile was almost 

25 turns (Figure 11). 

 

 John Day Dam stood out from the other dams in that most fish made large 

numbers of turns in both the collection channel and the transition pool in all 3 years 

(Figure 12).  The medians were consistently and significantly higher than the other three 

dams in all years for both of these fishway segments (Wilcoxon rank sum test, P < 0.05).  

Over 90% of turn-arounds in these segments at John Day Dam occurred in the south 

fishway, which had median numbers of 7 to 9 attempts per fish for the collection channel 

and 4 to 5 for the transition pool.  Unlike the collection channel and transition pool, the 

number of turn-arounds per fish in the ladder segment of John Day Dam was comparable 

to that of the other dams, even in the south fishway. 
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Table 7.  Percent of adult radio-tagged subyearling Chinook reversing direction at least 

once per fishway segment at Bonneville, The Dalles, John Day, and McNary 

Dams in 1998, 2000, and 2001. 

 

 

 

  Heading upstream  Heading downstream 

  

Base of the 

dam 

Collection 

channel 

Transition 

pool Ladder  Tailrace 

Base of the 

dam 

Collection 

channel 

Transition 

pool 

 
           

Bonneville Dam 

1998  44.1 56.8 67.1 46.1  61.9 69.6 37.6 33.0 

2000  17.3 42.3 73.4 20.0  38.5 58.6 56.6 5.2 

2001  10.6 48.8 56.8 22.6  31.7 58.3 36.5 12.5 

           

The Dalles Dam 

1998  2.9 34.6 58.0 9.6  11.5 61.9 18.2 3.3 

2000  3.5 24.4 71.0 7.5  12.6 71.3 19.5 1.1 

2001  5.9 34.5 56.2 7.9  14.7 61.9 10.7 0.6 

           

John Day Dam 

1998  8.3 91.7 82.0 40.0  46.1 94.8 46.7 30.3 

2000  8.8 93.3 91.0 8.6  53.1 97.4 55.7 2.8 

2001  6.6 89.3 81.0 15.0  44.1 92.4 45.5 4.1 

           

Mc Nary Dam 

1998  2.3 55.8 36.7 59.8  7.9 74.5 11.7 48.4 

2000  1.3 67.8 62.9 21.9  13.4 82.5 9.2 12.5 

2001  1.9 66.0 62.9 46.3  13.3 83.2 13.3 28.2 
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Figure 11.  Median (bar) number of times fish reversed direction while heading upstream 

at Bonneville and The Dalles Dams and re-entered a previous segment.  

Whiskers represent 10th and 90th percentiles, boxes represent 25th and 75th 

percentiles. TR = tailrace, BD = base of the dam, CC = collection channel, 

TP = transition pool, and LD = ladder.   
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Figure 12.  Median (bars) number of times fish reversed direction while heading upstream 

at John Day and McNary Dams and re-entered a previous segment.  Whiskers 

represent 10th and 90th percentiles, boxes represent 25th and 75th percentiles. 

TR = tailrace, BD = base of the dam, CC = collection channel, TP = transition 

pool, and LD = ladder. 
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 Retreat distance analyses provided more specific determinations of fish movement 

and behavior related to turn-arounds (Figures 13-16).  Results are dam-specific and 

identify the proportion of attempts at each segment that resulted in successful passage 

through that segment, as well as the segment to which fish retreated following a 

turn-around.  At Bonneville Dam, retreats were well spread among the tailrace, the base 

of the dam, and the collection channel (Figure 13).  In contrast, at The Dalles, John Day, 

and McNary Dams, fish that turned around consistently retreated to the base of the dam in 

high proportions (Figures 14-6). 

 

 However, at all dams, retreat distances varied greatly for each segment and 

differed among dams, fishways, and years (Figures 13-16).  For example, in the collection 

channel at both Bonneville and McNary Dams, fish had a higher success rate in the 

Oregon-shore fishways in all 3 years than in the Washington-shore fishways.  However, 

the opposite was true in the ladder segment at these two dams; fish consistently had 

higher success rates in the Washington-shore fishways than in the Oregon-shore fishways.  

Success rates through the collection channel and transition pool segments were highly 

variable, but successes accounted for less than 60% of the total number of attempts in 

these segments for the majority of the fishways.  Across dams, success rates through the 

ladder segments were higher than for other fishway segments, though similarly variable.  

At all dams and fishways, fish turning around in the ladder segment often retreated only 

to the transition pool segment of the fishway. 
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Figure 13.  Proportion of attempts to pass through the Bonneville Dam collection 

channel, transition pool, and ladder that were either successful or resulted in a 

turn-around.  Turn-arounds are divided based on whether fish retreated to the 

tailrace (exit to TR), the collection channel (exit to CC), or the transition pool 

(exit to TP).  Numbers in parentheses indicate the total number of attempts 

made by radio-tagged fish.   
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Figure 14.  Proportion of attempts to pass through The Dalles Dam collection channel, 

transition pool, and ladder that were either successful or resulted in a turn-

around in 1998, 2000, and 2001.  Turn-arounds are divided based on whether 

fish retreated:  to the tailrace (exit to TR), the collection channel (exit to CC), 

or the transition pool (exit to TP).  Numbers in parentheses indicate the total 

number of attempts made by radio-tagged fish.  
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Figure 15.  Proportion of attempts to pass through the John Day Dam collection channel, 

transition pool, and ladder that were either successful or resulted in a 

turn-around in 1998, 2000, and 2001.  Turn-arounds are divided based on 

whether fish retreated:  to the tailrace (exit to TR), the collection channel (exit 

to CC), or the transition pool (exit to TP) segment.  Numbers in parentheses 

indicate the total number of attempts made by radio-tagged fish.   
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Figure 16.  Proportion of attempts to pass through the McNary Dam collection channel, 

transition pool, and ladder that were either successful or resulted in a turn-

around in 1998, 2000, and 2001.  Turn-arounds are divided based on whether 

fish retreated:  to the tailrace (exit to TR), the collection channel (exit to CC), 

or the transition pool (exit to TP) segment.  Numbers in parentheses indicate 

the total number of attempts made by radio-tagged fish.  
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Fallback Fish 

 

Methods 

 

 Fish detection histories were checked individually for fallback events.  A record 

indicating fallback was inserted into the database when a detection in the forebay was 

followed by a detection in the tailrace, allowing easy summarization of these events.  We 

first counted the number of unique fish that fell back at each dam.  Since some fish fell 

back more than once, we also counted both the number of times each fish fell back and 

the total number of fallback events at each dam.  In 2000 and 2001, some fish were 

released upstream from Bonneville Dam to evaluate fallback rates based on release 

location in the forebay.  We counted fallbacks for these fish at Bonneville Dam 

separately, but analyzed all fish together at the other 3 dams. 

 

 The ladder that fish used to ascend a fishway can influence the probability of 

falling back over the dam (Reischel and Bjornn 2003).  For each fallback event, we 

determined the ladder from which the fish exited the fishway before falling back.  If a fish 

passed a dam via an unknown route, or if the fish was detected at an upstream dam prior 

to falling back, the ladder was assigned a null value.  A more detailed analysis of fallback 

events can be found in Boggs et al. (2003; 2004)   

 

Results 

 

 Fallback events occurred for fall Chinook salmon at each of the lower Columbia 

River dams during these study years.  Rates ranged from 2.0 (McNary Dam, 2000) to 

10.5% (The Dalles Dam, 1998) for fish released below a dam (Table 8).  A relatively 

small percentage of fish fell back over an individual dam more than once (range = 0.0 to 

1.4%).  The highest percentage of fish falling back more than once occurred at Bonneville 

and The Dalles Dams, particularly in 2001 (1.4% at Bonneville Dam, regardless of 

release location, and 1.3% at The Dalles Dam). 

 

 Fallback rates at Bonneville Dam were highly dependent on where fish were 

released.  For those fish released downstream from Bonneville Dam, fallback rates at the 

dam did not exceed 4.8% (Table 8).  For fish released upstream from Bonneville Dam, 

fallback rates were 7.2% (2000) and 14.2% (2001).  Many of these fallback events for 

forebay-released fish occurred in the navigation lock. 
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Table 8.  Number of fall Chinook salmon that fell back over the dams and the number of 

repeat fallbacks.  The percentage of fish that fell back of those that passed the 

dam is in parentheses (for Bonneville Dam, upstream-released fish, percentage 

value is for all fish released upstream from Bonneville Dam).   

 

    
 1998 2000 2001 

    
 

Bonneville Dam (downstream-released) 

Total number of fish 32 (3.5) 26 (3.9) 25 (4.8) 

Total number of fallback events 37 34 36 

Number that fell back once 28 (3.1) 19 (2.9) 18 (3.5) 

Number that fell back twice 3 (0.3) 6 (0.9) 3 (0.6) 

Number that fell back three times 1 (0.1) 1 (0.2) 4 (0.8) 

Number that fell back more than three times 0 (0.0) 0 (0.0) 0 (0.0) 

 
Bonneville Dam (upstream-released) 

Total number of fish  27 (7.2) 61 (14.2) 

Total number of fallback events  30 74 

Number that fell back once  25 (6.7) 55 (12.8) 

Number that fell back twice  1 (0.3) 1 (0.2) 

Number that fell back three times  1 (0.3) 3 (0.7) 

Number that fell back more than three times  0 (0.0) 2 (0.5) 

 
The Dalles Dam 

Total number of fish 66 (10.5) 62 (8.4) 50 (7.0) 

Total number of fallback events 75 70 61 

Number that fell back once 60 (9.6) 55 (7.5) 41 (5.8) 

Number that fell back twice 5 (0.8) 6 (0.8) 7 (1.0) 

Number that fell back three times 0 (0.0) 1 (0.1) 2 (0.3) 

Number that fell back more than three times 1 (0.2) 0 (0.0) 0 (0.0) 

 
John Day Dam 

Total number of fish 19 (3.9) 14 (2.5) 15 (2.6) 

Total number of fallback events 19 14 16 

Number that fell back once 19 (3.9) 14 (2.5) 14 (2.4) 

Number that fell back twice 0 (0.0) 0 (0.0) 1 (0.2) 

Number that fell back three times 0 (0.0) 0 (0.0) 0 (0.0) 

Number that fell back more than three times 0 (0.0) 0 (0.0) 0 (0.0) 

 
McNary Dam 

Total number of fish 9 (2.1) 9 (2.0) 17 (3.5) 

Total number of fallback events 9 9 19 

Number that fell back once 9 (2.1) 9 (2.0) 15 (3.1) 

Number that fell back twice 0 (0.0) 0 (0.0) 2 (0.4) 

Number that fell back three times 0 (0.0) 0 (0.0) 0 (0.0) 

Number that fell back more than three times 0 (0.0) 0 (0.0) 0 (0.0) 
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 Excluding fish released just upstream from Bonneville Dam, fallback rates were 

consistently highest at The Dalles Dam, followed by Bonneville Dam.  Variation in 

fallback rates among years was not consistent across all dams (Table 8).  At Bonneville 

Dam, fallback rates (for fish released below Bonneville Dam) increased slightly (3.5 to 

4.8%) from 1998 to 2001.  However, the opposite occurred at The Dalles Dam (10.5 to 

7.0%).  At both John Day and McNary Dams, total numbers of fallbacks were much 

lower and fallback rates were in the range of 2 to 4% for the 3 years. . 

 

 For most fallback events at Bonneville and The Dalles Dams, fish either initially 

passed via an unknown route or were detected upstream from the dam before falling back.  

In these cases, we did not associate a ladder with the pre-fallback passage.  For fish that 

fell back before swimming upstream, and that passed the dam by a known route, over 

70% of the fallback events in the lower Columbia River occurred after passing through an 

Oregon shore ladder (averaged over all four dams, Table 9).  However, fish often initially 

passed via the Oregon shore ladder at higher frequencies than the Washington shore 

ladder, particularly at The Dalles and John Day Dams (Table 5).  The resulting 

fallback-to-passage ratio at The Dalles and John Day Dams was therefore higher in the 

Washington shore ladder than the Oregon shore ladder.  However, at Bonneville and 

McNary Dams, the Oregon shore ladder produced a higher fallback-to-passage ratio than 

the Washington shore ladder (shown as a percentage in Table 9). 
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Table 9.  Ladder usage (numbers of fish) by fall Chinook salmon prior to fallback events; 

for the Washington shore (WA) and Oregon shore (OR) ladders, also shown as a 

percentage of fish that passed via that route.  Nav = Navigation Lock, 

Unk = unknown ladder.   

 

 

 Ladder 

         
 Washington shore  Oregon shore  Nav Unk 

 n (%)  n (%)  n n 

 
         
Bonneville Dam         

1998 7 1.5  12 3.0  5 13 

2000 4 1.6  17 4.4  8 35 

2001 11 3.6  19 9.2  11 69 

         

The Dalles Dam         

1998 3 3.3  7 1.3  0 65 

2000 2 1.8  9 1.4  0 59 

2001 5 5.0  7 1.1  0 49 

         

John Day Dam         

1998 4 2.9  6 1.7  0 9 

2000 5 2.8  6 1.6  0 3 

2001 0 0  13 2.4  0 3 

         

McNary Dam         

1998 2 0.9  6 3.0  0 1 

2000 4 1.3  2 1.3  0 3 

2001 1 0.7  12 3.6  0 6 
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DISCUSSION 

 

 

 The behavior of upriver-migrating adult salmonids, even within individual runs, 

varies depending on the hydroelectric project, the area or route within a fishway, and on 

river conditions at the time of migration (among and within years).  Additionally, each 

dam fish encounter is unique in structure and variable in how it is operated, making 

comparisons among dams and among years difficult.  However, radiotelemetry data can 

still be examined for fish behavioral patterns and trends to elucidate the factors affecting 

salmonid/dam interactions. 

 

 Passage efficiency allowed us to examine the success of fall Chinook salmon in 

traversing hydropower obstructions.  Of the four lower Columbia River dams, passage 

efficiency for fall Chinook salmon was consistently highest at McNary Dam, averaging 

over 96%; passage efficiency for spring/summer Chinook salmon in 1996 was also higher 

at McNary than at the other lower Columbia River dams (Bjornn et al. 2000), but not so 

for steelhead (Keefer et al. 2002).  Bonneville Dam also showed consistently high 

passage efficiency for fall Chinook salmon across years, averaging just under 94%.  

Given the relatively small variance among years, environmental variability apparently 

affected passage efficiency to only a small degree.  However, at most dams, passage 

efficiency was lowest in 2001, when river flow was lowest and water temperature highest. 

 

 When only considering those fish that actually entered a fishway, interannual 

variability dropped even further at Bonneville, The Dalles, and McNary Dams and 

passage efficiency increased to over 95%.  Therefore, the interannual variability in 

passage efficiency potentially arises from the differential ability of fish to enter the 

fishways among years.  If so, whatever influence external factors have on passage 

efficiency (including environmental variation and dam operations), these factors likely 

affect fish while they are in the tailrace; once in the fishway, fish consistently pass at a 

specific rate determined by each dam.  Other potential sources of interannual variability 

in passage efficiency (when all fish are included) are variable harvest efforts below dams 

and fish detected approaching a dam that do not enter the fishway (e.g., those destined for 

tributaries downstream). 

 

 Fish did not exhibit the same behaviors at John Day Dam as at the other lower 

Columbia River dams.  Interannual variability in passage efficiency was similar when 

using all fish or just those that entered the fishway.  This trend would result if factors 

affecting fish passage efficiency primarily acted on the fish while they were in the 

fishway proper.    
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 An example of potential in-fishway passage problems is turn-arounds per fish; 

these were highest at John Day Dam, even for fish that eventually passed the dam, and are 

an indication of deterrents to fish passage within the structure.  For comparison, steelhead 

have also exhibited much higher exit rates at John Day Dam than at other Columbia River 

dams, and these rates were often correlated with water temperature in the ladders (Keefer 

et al. 2003b).  However, factors other than temperature may have also affected passage 

efficiency and further research is needed to determine the source of variability in passage 

efficiency documented at John Day Dam. 

 

 Passage efficiencies after fish fell back over a dam (post-fallback reascension 

rates) were lower than have been reported for spring/summer Chinook and steelhead 

(Boggs et al. 2004).  However, as with initial passage efficiency, rates rose considerably 

when only fish that entered a fishway were included in the analysis.  Low passage 

efficiency for fallback fish is likely due, at least in part, to those fish that “overshot” their 

natal tributary and intentionally moved back downstream (see Boggs et al. 2003).  This 

would also explain the high passage efficiency for fish that entered the fishway after 

falling back (i.e., the subset of fallback fish that attempted to reascend).  However, at 

John Day Dam, in both 1998 and 2000, passage efficiency was very low even for fish that 

re-entered the fishway.  Many of these fish were last detected in the Deschutes, White 

Salmon, or Klickitat Rivers, though some fates were not clear, and sample sizes were too 

low to detect general trends in behavior. 

 

 Given that the four lower Columbia River Dams are different in size, structure, 

and operation, one would not expect fish to pass each of the dams in the same amount of 

time.  Indeed, the range of yearly median passage times rarely overlapped across dams 

(Table 3).  Fish consistently passed McNary Dam (from first arrival in the area to dam 

passage) much faster, on median, than the other dams, perhaps due to either past 

experience (learning), higher motivation (being closer to spawning grounds than the other 

dams), or a smaller, less complex fishway.  Although steelhead were also observed (in 

1996) as having the shortest median passage time at McNary Dam (Keefer et al. 2002), 

this was not true for spring/summer Chinook, which passed both Bonneville and The 

Dalles Dams faster, on median, than McNary Dam in 1996 (Bjornn et al. 2000). 

 

 Obstructions in the fishway or general fishway design at John Day Dam may be 

the cause of the higher median passage times observed there.  The time from arrival in the 

area to first approach was much shorter than from first approach to dam passage (more so 

than at the other dams).  Therefore, the difference in passage time between John Day and 

the other lower Columbia River Dams occurs following the first approach to a fishway 

entrance.  Warmer water temperatures in the Oregon shore ladder, and the temperature 
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differential between the forebay and the ladder at John Day Dam, may have contributed to 

poorer performance there (Keefer et al. 2003b), but no conclusive determinations have 

been made.  For comparison, both steelhead and spring/summer Chinook salmon also had 

the longest median passage time at John Day Dam (Keefer et al. 2002; Bjornn et al. 

2000). 

 

 Although fall Chinook salmon tended to pass all dams more slowly in 2000 than 

in other years, interannual variability in passage duration was low at all dams except John 

Day Dam, where fish took almost 10 h longer, on median, to pass in 2000 than in 1998 

and 2001.  While the majority of fall Chinook salmon passed each of the four dams in 

less than 24 h, at John Day Dam in 2000 only 37.5% passed within this time.   

 

 However, passage rate (fish passing per unit time) tended to drop after 24 h at all 

dams and in all years, with some fish taking 2 or 3 weeks to pass.  Causes for these 

extended delays are unknown.  The hydropower system combined with changing 

environmental factors may have a variable effect on fish behavior, only slightly affecting 

some fish while causing long delays for others.  Further research and scrutiny of fish with 

extended passage times may provide valuable information concerning the way fish 

respond to hydropower operations, fishway design, and abiotic environmental conditions. 

 

 Passage durations following fallback events were often substantially longer than 

on first attempts.  There are several possible explanations, including the stress (e.g., 

increased energy expenditure) of additional passage that may slow fish down.  It is also 

possible that fish that are uncertain of their destination may be both swimming slower and 

falling back more than other fish, resulting in a spurious correlation between passage 

times and fallback rates.  To date, these possibilities have not been adequately assessed.  

However, routes of passage of post-fallback attempts are not always the same as first 

passages, indicating some change in behavior with experience. 

 

 Fall Chinook salmon approached Bonneville Dam in high numbers at all 

entrances in all years of study.  As seen with spring/summer Chinook salmon (Bjornn et 

al. 1996), closure of orifice gate entrances did not seem to alter results.  However, fish 

tended to enter fishways at much higher proportions at the main entrances of the 

powerhouses, and to a lesser extent, the spillway, regardless of the status of the orifice 

gates at Bonneville Dam.  Powerhouse entrances are closer to the shores along which fish 

migrate (Dawm and Osborne 1998; Hinch et al. 2002) as opposed to spillway entrances, 

which are located near the middle of the river and may impact entrance usage at 

Bonneville Dam.    
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 Higher proportional use of the Oregon shore fishways in 1998 and 2001 may 

relate to the set of fish tagged in those years being destined for right-hand exiting 

tributaries (Keefer et al. In review), or to river flow conditions that differed in 2000 when 

proportional use switched to the Washington shore.  When fish exited the fishways back 

into the tailrace, there did not seem to be any selective pressure for or against a particular 

entrance; the majority of exits occurred in the same place fish had entered. 

 

 The other dam for which we had receivers at orifice gates, McNary Dam, also did 

not have as many fish approaching the orifice gates as the primary entrances.  Fish tended 

to first approach, first enter, and first exit in high proportions through the main entrances, 

with little activity at the orifice gates.  The same pattern was true of overall usage.  The 

high proportion of fish entrances and exits at the main fishway entrances is likely due to 

the larger diameter of the entrances and the larger volume of water passing through these 

areas.  At both Bonneville and McNary Dams, the use of main entrances as the primary 

entrance does not appear to be run-specific, as spring/summer Chinook salmon showed 

similar usage patterns (Keefer et al. 2003a). 

 

 Orifice gates were not monitored at The Dalles and John Day Dams during these 

3 years.  At The Dalles Dam, most fish were detected making their first approach and first 

entry at the base of the powerhouse at the East Ladder entrances (as opposed to the 

powerhouse orifice gates; not having these gates monitored obviously underestimates the 

first entrances at these locations).  Very few fish exited the west powerhouse entrances.  

Instead, many fish exited the fishway from an entrance at the south end of the spillway.  

In addition to using shore-oriented entrances, fish appear to use flow as a cue for route 

selection for both entrances and exits. 

 

Similar to what was observed at The Dalles Dam, the majority of fish first 

approached and first entered the John Day Dam fishways via the entrances adjacent to the 

south ladder.  Although a slight majority of first exits were also out of the south ladder, 

there were more first exits out of than first entrances into the spillway entrance.  The large 

number of unknown entrances at John Day Dam, partly explained by the placement and 

operation of receivers in the area, make the determination of entrance use particularly 

difficult. 

 

 Throughout the system the total number of approaches was high.  However, the 

data received when a fish swims along the base of a dam (past a receiver) is almost 

identical to the data received when a fish swims directly towards an entrance with the 

intention of passing a dam.  For this reason, total approach data should be used with 

caution.  However, total entrance and exit data are less ambiguous.  In all years and at all 



45 

dams, the proportional use of the various entrances did not change much between first 

entrances or exits and all entrances or exits.  Whatever factors affect a fish‟s route for 

these activities acts on the fish throughout its time at the dam, not just during the initial 

passage attempt.  Again, this trend can be seen in other runs of Chinook salmon (Keefer 

et al. 2003a).   

 

 Although the distribution of entranceway use did not seem to change, fish 

behavior changed with experience.  We compared the counts of entranceway use both 

before a fallback event and afterwards (Appendix C).  Fish tended to approach, enter, and 

exit the fishways fewer times on their second ascension at all locations, a trend also 

observed with spring/summer Chinook salmon (Keefer et al. 2003a). 

 

 Inter-dam differences in fallback rates were higher than interannual differences.  

Every year, the highest fallback rates for downstream-released fish (7.0-10.5%) were at 

The Dalles Dam.  At John Day and McNary Dams, fallback rates were less than 4% in all 

3 years.  No consistent trend (among years) was noted in fallback rates across all dams; 

fallback rates increased through time at Bonneville Dam, decreased through time at The 

Dalles Dam, and varied little between years at John Day and McNary Dams. 

 

 The particular fishway used to pass a dam can influence fallback rates.  The 

proportion of passage events that resulted in a fallback was much higher in the Oregon 

shore ladder than in the Washington shore ladder at both Bonneville and McNary Dams 

(the opposite was true for The Dalles and John Day Dams, though the difference between 

ladders was smaller).  The highest fallback rates seen in all 3 years were in 2001 at 

Bonneville Dam for fish released above the dam, though these fish were released 

specifically to test whether certain ladder exit locations are more likely to produce 

fallbacks.  Results indicated that migration routes along Bradford Island after exiting that 

fishway put fish in the forebay of the spillway, leading to higher fallback rates (Reischel 

and Bjornn 2003).  Fall Chinook salmon at McNary Dam have a high overshoot 

percentage for fallbacks in general (Boggs et al. 2003), and more fish may use the Oregon 

shore ladder that are bound for spawning areas in the Snake River and its tributaries 

(Keefer et al. In review).  For further information concerning fallback rates for Columbia 

Basin salmonids, see Boggs et al. (2003). 

 

 Due to the different placement of receivers relative to each of the dams, it is 

difficult to compare time in each segment of the fishway across dams.  It was originally 

thought that we would experience a similar situation within a dam (i.e., due to different 

placement of receivers across years, we would not be able to make comparisons across 

years).  In 1998, Bonneville and McNary Dams both had many more receivers at the base 
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of the powerhouses than they had in subsequent years.  We ran analyses for these two 

dams in 1998 using all available data, and then again using only those receivers that were 

present in all years.  At least for the analysis of duration in various fishway segments, 

there were no significant differences between the two data sets, indicating that the 

presence of the powerhouse receivers did not provide much additional passage duration 

information.  However, this may not be true for other analyses. 

 

 Fish consistently spent more time below the dam structure (in the tailrace or at the 

base of the dam) than within the fishway proper at all dams.  This was particularly true in 

2000, which generally had the slowest passage times; the additional time to pass was 

spent primarily in areas below the dam structures (also see Brown et al. 2002).  While this 

was also the case at John Day Dam, where the time from first approach to passage was 

particularly long, time in the collection channel was substantially longer at this dam 

relative to the others examined.  Generally, time spent at the base of the dam may be 

increased by diel behaviors; some fish back out of the fishway in the evening and spend 

the night in relative inactivity below the dam (see also Naughton et al. 2005 for similar 

behavior in sockeye salmon). 

 

 In all 3 years, fish spent more time in the tailrace of Bonneville Dam than they 

spent in any of the other four segments of the fishway defined in this report (Figure 7).  

At the other three dams, fish spent more time at the base of the dam, as defined above, 

than in any other segment (Figures 8-10).  Whether this difference between dams is due to 

the behavior of fish as they approach their first dam (even though they have been to 

Bonneville Dam once before, when tagged) or if this is simply a result of the differential 

placement and detection probability of the receivers among dams is not readily 

discernable. 

 

 While in the fishway, fish spent more time in the ladder than in the collection 

channel and the transition pool.  It is important to keep in mind, however, that these 

values are the total time spent inside each segment, not the elapsed time from the first 

record in a segment to the last record in a segment as has been the case in most prior 

reports from this research project (for comparisons between results for the two methods, 

see Table 6).  Segment times also incorporate delays resulting from fish turn-around 

behaviors within a segment for which a fish does not exit that segment (within segment 

behavior). 

 

 The turn-around analysis elucidated discrepancies between methods in previous 

reports (e.g., Keefer et al. 2003a) and methods in this report for determining the time fish 

spent in the various fishway segments (Table 8).  Although turn-arounds occur in the 
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transition pool, and a long time can pass from when a fish first enters the segment and 

when it leaves the transition pool for the last time, fish often leave that segment and 

spend the majority of their time in the tailrace or at the base of the dam before reentering 

the fishway and passing through the transition pool.  Even though fish do not spend much 

time in the collection channel and transition pool, it is clear that passage attempts in these 

segments result in more direction reversals than in other segments. 

 

This implies that either the environment in these segments is less conducive to 

fish passage (e.g., there is a large temperature change between segments, as shown by 

Peery et al. 2003) or fish have an innate behavior to „rethink‟ passing sections of the river 

that appear risky or energetically costly, such as ladders.  If fish arrive at the base of a 

ladder and instinctively pause before passing rough, turbulent, and potentially dangerous 

areas, then returning to the tailrace or the base of the dam may be a retreat to an 

environment that is less threatening or confusing than the fishway proper. 

 

This concept also applies to use of areas at the base of the dam, where fish retreat 

following turn-arounds in all segments.  However, fish tend to turn around at the low end 

of the pools and less so at the transition between the pool and the overflow section of the 

lower ladder (Keefer et al. 2003), suggesting that slack water or lack of guiding flow 

through the submerged orifices may contribute to this behavior in these segments 

(Naughton et al. In prep).  It should be noted, however, that descending the fishway and 

spending additional time in the tailrace is energetically costly (Brown et al. 2002).  Fish 

may be making a trade-off between energy expenditure and safety or other concerns 

associated with fishways.  It would be of considerable benefit to obtain a better 

understanding of the effects of abiotic factors (including environmental cues) on salmonid 

fishway use and behavior (e.g. Moser et al. 2004); we have a forthcoming report 

describing the relationship of environmental variables on Chinook and steelhead 

performance. 
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Appendix Figure A1.  Bonneville Dam antenna setup. 
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Appendix Figure A2.  The Dalles Dam East Ladder (above) and spillway (below).   
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Appendix Figure A3.  The Dalles Dam South and West ladder entrances (above) and 

John Day Dam North ladder (below).   
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Appendix Figure A4.  John Day Dam South ladder (above) and McNary Dam (below).   
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APPENDIX B:  Approaches, Entrances, and Exits (Figures) 
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Bonneville Dam, 1998
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Appendix Figure B1.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at Bonneville Dam in 1998.   
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Bonneville Dam, 2000
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Appendix Figure B2.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at Bonneville Dam in 2000.   
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Bonneville Dam, 2001
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Appendix Figure B3.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at Bonneville Dam in 2001.   
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The Dalles Dam, 1998
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Appendix Figure B4.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at The Dalles Dam in 1998.   
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The Dalles Dam, 2000
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Appendix Figure B5.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at The Dalles Dam in 2000.   
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The Dalles Dam, 2001
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Appendix Figure B6.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at The Dalles Dam in 2001.   
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John Day Dam, 1998
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Appendix Figure B7. Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at John Day Dam in 1998.   
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John Day Dam, 2000
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Appendix Figure B8. Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at John Day Dam in 2000.   
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John Day Dam, 2001
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Appendix Figure B9. Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at John Day Dam in 2001.   
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McNary Dam, 1998
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Appendix Figure B10.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at McNary Dam in 1998.   
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McNary Dam, 2000
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Appendix Figure B11.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at McNary Dam in 2000.   
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McNary Dam, 2001
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Appendix Figure B12.  Distribution of first and all approaches, entrances, and exits across 

fishway entranceways at McNary Dam in 2001. 
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APPENDIX C:  Approaches, Entrances, and Exits (Tables) 

 

 

Appendix Table C1.  Number of approaches, entrances, and exits for each fishway 

entrance.  Both the number of first approaches, entrances, or exits 

and the total number of approaches (App), entrances, (Ent) or exits 

(in parentheses) are shown.   

 
      
 1998  2000  2001 

Entrance App. Ent. Exit  App. Ent. Exit  App. Ent. Exit 

 
 

BONNEVILLE DAM 

 
SShPH1  (4BO-1) 88 159 99  85 198 68  46 66 8 

 (1053) (435) (342)  (1576) (485) (254)  (527) (123) (21) 

SG9  (5BO-1) 4 7 0  3 4 0  0 0 0 

 (147) (22) (0)  (198) (7) (0)  (52) (2) (0) 

SG21 (6BO-1) 89 12 4  77 4 0  8 0 0 

 (1488) (47) (6)  (1606) (19) (1)  (465) (2) (0) 

SG34 (6BO-4) 62 3 0  52 0 0  11 0 0 

 (1346) (23) (1)  (1187) (12) (2)  (300) (4) (3) 

SG58 (7BO-1) 3 6 2  13 3 0  0 0 0 

 (442) (22) (2)  (663) (9) (2)  (161) (1) (0) 

SG64 (7BO-4) 36 12 7  37 13 13  8 0 4 

 (1266) (40) (16)  (1488) (38) (33)  (465) (1) (9) 

NShPH1-1 (8BO-1) 83 95 53  58 49 44  17 6 18 

 (1219) (256) (135)  (1292) (151) (107)  (392) (18) (33) 

SSpillway (BBO-1) 16 34 34  60 87 55  69 92 34 

 (359) (241) (184)  (382) (235) (156)  (296) (196) (76) 

Unknown B1 fishway 6 41 51  1 16 29  0 2 2 

 (76) (110) (134)  (22) (48) (72)  (0) (2) (2) 

NSpillway (CBO-1) 28 42 34  23 31 20  22 27 10 

 (321) (183) (153)  (196) (99) (69)  (140) (81) (30) 

SShPH2-1  (DBO-1) 91 104 185  43 29 73  43 22 104 

 (2391) (410) (768)  (1116) (119) (301)  (1173) (87) (366) 

SShPH2-2  (DBO-5) 41 239 43  98 118 23  115 184 51 

 (3984) (1017) (198)  (1758) (541) (122)  (1879) (644) (153) 

OG1  (EBO-1) 3 6 3         

 (1890) (73) (20)         

OG3  (EBO-4) 3 4 3         

 (1485) (43) (19)         

OG5  (FBO-1) 0 1 0         

 (146) (4) (1)         

OG7  (FBO-3) 3 1 0         

 (539) (9) (2)         

OG9  (GBO-1) 50 1 2         

 (2783) (22) (4)         

OG10  (GBO-4) 8 3 0         

 (712) (12) (0)         

OG11  (HBO-1) 15 2 0         

 (1087) (15) (2)         

OG12  (HBO-5) 1 1 0         

 (265) (11) (4)         
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Appendix Table C1.  Continued.   

 
      
 1998  2000  2001 

Entrance App. Ent. Exit  App. Ent. Exit  App. Ent. Exit 

 
 

BONNEVILLE DAM (continued) 

 
OG14  (JBO-1) 11 1 1         

 (1384) (9) (1)         

OG16  (JBO-4) 15 0 2         

 (1416) (17) (6)         

OG18  (KBO-1) 3 5 2         

 (568) (41) (9)         

OG20  (KBO-4) 1 9 8         

 (671) (72) (37)         

NShPH2-1 (LBO-1) 164 51 67  87 43 57  125 39 76 

 (1736) (270) (373)  (979) (159) (261)  (1035) (131) (225) 

NShPH2-2 (LBO-5) 106 56 90  30 21 16  55 18 14 

 (2737) (256) (354)  (970) (140) (93)  (1279) (84) (67) 

Unknown WA  1 20 34  2 41 34  8 66 15 

fishway (76) (126) (171)  (98) (178) (138)  (45) (188) (71) 

            

 
 

THE DALLES DAM 

 
EL (CTD-1/HTD-1) 241 323 29  447 551 52  297 437 39 

 (1658) (834) (79)  (3316) (2095) (185)  (1886) (1319) (94) 

WPH (BTD-1/JTD-1) 152 88 70  126 29 45  156 53 42 

 (905) (220) (175)  (955) (134) (178)  (868) (168) (152) 

SSpillway (ATD-1) 208 142 233  134 97 401  217 176 343 

 (628) (313) (573)  (659) (323) (1560)  (853) (458) (1098) 

Unknown E Fishway 4 13 37  0 0 2  1 4 3 

 (107) (108) (109)  (0) (1) (4)  (5) (23) (9) 

NL (ETD-1) 61 90 65  75 97 68  94 83 62 

 (416) (361) (269)  (646) (576) (465)  (602) (460) (359) 

Unknown N Fishway 0 0 2  0 0 0  0 0 0 

 (0) (0) (5)  (0) (0) (0)  (0) (0) (0) 

            

 
JOHN DAY DAM 

 
SL (CJD-1/LJD-1) 312 223 195  438 365 247  419 322 240 

 (4284) (2083) (1064)  (8920) (4892) (3372)  (5033) (3025) (2505) 

Sspillway-1 (BJD-1) 97 54 145  115 72 194  109 74 176 

 (1788) (382) (1241)  (3920) (730) (2690)  (2634) (536) (1789) 

Sspillway-2 (BJD-2) 28 20 94  24 2 61  25 14 67 

 (1631) (132) (911)  (3137) (36) (809)  (2164) (83) (812) 

Unknown S Fishway 66 202 50  30 145 70  33 176 65 

 (2332) (2350) (403)  (1378) (2784) (851)  (1350) (2651) (636) 

NL (AJD-1) 42 41 38  23 44 40  21 19 19 

 (1762) (1214) (1064)  (2628) (1834) (1638)  (896) (538) (509) 

Unknown N Fishway 0 0 0  0 0 1  0 0 1 

 (1) (1) (17)  (0) (0) (4)  (0) (0) (6) 
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Appendix Table C1.  Continued.    

 
      
 1998  2000  2001 

Entrance App. Ent. Exit  App. Ent. Exit  App. Ent. Exit 

 
 

MCNARY DAM 

 
SSh (3MN-1) 115 101 119  208 98 116  212 196 220 

 (1229) (337) (407)  (1731) (411) (436)  (1772) (717) (815) 

OG1 (5MN-1) 10 8 0         

 (582) (28) (0)         

OG3 (5MN-4) 6 3 0         

 (425) (10) (0)         

OG4 (6MN-1) 9 4 1         

 (614) (24) (1)         

OG8 (6MN-4) 1 4 0         

 (119) (12) (0)         

OG14 (7MN-1) 26 10 0         

 (875) (31) (1)         

OG21 (7MN-4) 16 0 0         

 (590) (10) (0)         

OG26 (8MN-1) 19 40 4         

 (629) (123) (16)         

OG32 (8MN-4) 6 4 0         

 (466) (19) (0)         

OG37 (9MN-1) 13 7 0         

 (614) (32) (0)         

OG41 (9MN-4) 16 18 2         

 (818) (43) (2)         

OG43 (AMN-1) 17 11 0         

 (761) (40) (0)         

OG44 (AMN-3) 7 4 1         

 (539) (18) (2)         

NPH (BMN-1) 86 67 108  183 108 153  204 97 108 

 (860) (212) (324)  (1738) (361) (558)  (1539) (361) (442) 

Unknown S Fishway 5 17 15  9 92 8  21 119 29 

 (43) (45) (35)  (202) (406) (33)  (360) (611) (101) 

NSh (CMN-1) 79 131 79  68 169 120  58 82 60 

 (653) (457) (230)  (1057) (769) (471)  (691) (480) (332) 

Unknown N Fishway 0 0 0  0 0 0  0 0 0 

 (0) (0) (0)  (0) (0) (1)  (0) (0) (0) 
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Appendix Table C2.  Number of approaches, entrances, and exits from each fishway 

entrance before and after fallback events.  Both categories contain 

only data from fish that did, at some time, fall back at this dam.  

Both the number of first approaches, entrances, or exits and the total 

number of approaches, entrances, or exits (in parentheses) are 

shown.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
         

Bonneville Dam – Approaches 

 
SShPH1  (4BO-1) 5 4  4 7  3 5 

 (32) (12)  (46) (27)  (63) (17) 

SG9  (5BO-1) 1 0  1 0  0 0 

 (4) (2)  (14) (5)  (5) (1) 

SG21 (6BO-1) 7 0  2 1  1 0 

 (34) (10)  (45) (27)  (49) (17) 

SG34 (6BO-4) 3 1  3 1  1 0 

 (21) (8)  (35) (23)  (28) (8) 

SG58 (7BO-1) 0 0  1 0  0 1 

 (4) (1)  (16) (10)  (14) (6) 

SG64 (7BO-4) 2 1  0 1  1 0 

 (21) (4)  (40) (26)  (60) (7) 

NShPH1-1 (8BO-1) 1 0  2 4  5 1 

 (18) (2)  (37) (22)  (56) (5) 

SSpillway (BBO-1) 0 1  3 2  2 2 

 (10) (1)  (7) (8)  (14) (14) 

Unknown B1 fishway 0 0  1 0  0 0 

 (1) (1)  (3) (1)  (0) (0) 

NSpillway (CBO-1) 0 0  0 0  0 1 

 (5) (0)  (4) (9)  (5) (10) 

SShPH2-1  (DBO-1) 3 2  2 1  1 3 

 (37) (10)  (6) (15)  (29) (25) 

SShPH2-2  (DBO-5) 0 1  0 1  2 2 

 (42) (10)  (5) (17)  (52) (28) 

OG1  (EBO-1) 0 1       

 (27) (5)       

OG3  (EBO-4) 0 0       

 (20) (3)       

OG5  (FBO-1) 0 0       

 (2) (0)       

OG7  (FBO-3) 0 0       

 (10) (1)       

OG9  (GBO-1) 0 0       

 (31) (7)       

OG10  (GBO-4) 0 0       

 (10) (7)       
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Appendix Table C2.  Continued.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
         

Bonneville Dam – Approaches (continued) 

 
OG11  (HBO-1) 0 0       

 (19) (6)       

OG12  (HBO-5) 0 0       

 (4) (0)       

OG14  (JBO-1) 0 0       

 (20) (10)       

OG16  (JBO-4) 1 0       

 (17) (8)       

OG18  (KBO-1) 0 0       

 (12) (5)       

OG20  (KBO-4) 0 0       

 (7) (8)       

NShPH2-1 (LBO-1) 4 3  1 2  6 5 

 (20) (10)  (4) (9)  (30) (27) 

NShPH2-2 (LBO-5) 4 1  0 1  1 1 

 (32) (13)  (1) (13)  (31) (32) 

Unknown WA fishway 0 0  0 0  0 0 

 (1) (0)  (1) (0)  (1) (0) 

         

Bonneville Dam – Entrances 

 
SShPH1  (4BO-1) 11 4  6 6  8 1 

 (21) (5)  (14) (6)  (12) (1) 

SG9  (5BO-1) 0 0  2 0  0 0 

 (1) (0)  (2) (0)  (0) (0) 

SG21 (6BO-1) 2 0  0 0  0 0 

 (3) (0)  (0) (0)  (0) (0) 

SG34 (6BO-4) 0 0  0 0  0 0 

 (1) (0)  (1) (0)  (0) (0) 

SG58 (7BO-1) 0 1  0 0  0 0 

 (0) (1)  (1) (0)  (0) (0) 

SG64 (7BO-4) 0 0  1 0  0 0 

 (1) (0)  (2) (0)  (0) (0) 

NShPH1-1 (8BO-1) 2 0  2 1  1 0 

 (10) (0)  (3) (3)  (1) (1) 

SSpillway (BBO-1) 1 1  2 1  1 5 

 (6) (1)  (4) (2)  (7) (7) 

Unknown B1 fishway 2 0  3 3  1 0 

 (4) (1)  (4) (4)  (1) (0) 

NSpillway (CBO-1) 2 0  1 1  0 1 

 (3) (0)  (2) (1)  (3) (4) 

SShPH2-1  (DBO-1) 4 0  0 1  0 0 

 (10) (1)  (2) (2)  (1) (0) 
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Appendix Table C2.  Continued.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
         

Bonneville Dam – Entrances (continued) 

 
SShPH2-2  (DBO-5) 3 1  2 2  5 0 

 (7) (2)  (3) (3)  (16) (1) 

OG1  (EBO-1) 0 0       

 (1) (0)       

OG3  (EBO-4) 0 0       

 (0) (0)       

OG5  (FBO-1) 0 0       

 (0) (0)       

OG7  (FBO-3) 0 0       

 (0) (0)       

OG9  (GBO-1) 0 0       

 (1) (0)       

OG10  (GBO-4) 0 1       

 (1) (1)       

OG11  (HBO-1) 0 0       

 (0) (0)       

OG12  (HBO-5) 0 0       

 (0) (0)       

OG14  (JBO-1) 0 0       

 (0) (0)       

OG16  (JBO-4) 0 0       

 (0) (0)       

OG18  (KBO-1) 0 0       

 (0) (0)       

OG20  (KBO-4) 0 0       

 (0) (0)       

NShPH2-1 (LBO-1) 2 1  0 2  1 3 

 (7) (3)  (0) (2)  (3) (4) 

NShPH2-2 (LBO-5) 1 3  0 0  1 2 

 (3) (5)  (0) (1)  (1) (2) 

Unknown WA fishway 0 2  1 0  2 3 

 (2) (2)  (2) (0)  (4) (4) 

Bonneville Dam – Exits 

 
SShPH1  (4BO-1) 9 2  3 0  0 0 

 (18) (2)  (5) (0)  (0) (0) 

SG9  (5BO-1) 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 

SG21 (6BO-1) 0 0  0 0  0 0 

 (1) (0)  (0) (0)  (0) (0) 

SG34 (6BO-4) 0 0  0 0  0 0 

 (0) (0)  (1) (0)  (0) (0) 

SG58 (7BO-1) 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 
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Appendix Table C2.  Continued.  

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
         

Bonneville Dam – Exits (continued) 

SG64 (7BO-4) 0 0  1 1  0 0 

 (0) (0)  (1) (1)  (0) (0) 

NShPH1-1 (8BO-1) 0 0  3 1  5 0 

 (1) (0)  (5) (1)  (6) (0) 

SSpillway (BBO-1) 2 1  1 0  1 1 

 (6) (1)  (2) (1)  (5) (1) 

Unknown B1 fishway 1 0  0 0  0 0 

 (4) (1)  (1) (0)  (0) (0) 

NSpillway (CBO-1) 3 0  0 1  0 0 

 (4) (1)  (1) (1)  (2) (2) 

SShPH2-1  (DBO-1) 3 2  0 2  2 1 

 (8) (3)  (1) (3)  (10) (1) 

SShPH2-2  (DBO-5) 2 0  0 0  0 1 

 (4) (0)  (0) (0)  (0) (1) 

OG1  (EBO-1) 0 0       

 (0) (0)       

OG3  (EBO-4) 0 0       

 (0) (0)       

OG5  (FBO-1) 0 0       

 (0) (0)       

OG7  (FBO-3) 0 0       

 (0) (0)       

OG9  (GBO-1) 0 0       

 (0) (0)       

OG10  (GBO-4) 0 0       

 (0) (0)       

OG11  (HBO-1) 0 0       

 (0) (0)       

OG12  (HBO-5) 0 0       

 (0) (0)       

OG14  (JBO-1) 0 0       

 (0) (0)       

OG16  (JBO-4) 0 0       

 (0) (0)       

OG18  (KBO-1) 0 0       

 (0) (0)       

OG20  (KBO-4) 0 0       

 (0) (0)       

NShPH2-1 (LBO-1) 1 1  0 0  3 1 

 (3) (2)  (0) (0)  (4) (1) 

NShPH2-2 (LBO-5) 0 1  0 1  1 0 

 (3) (1)  (1) (1)  (1) (0) 

Unknown WA fishway 0 1  2 2  0 1 

 (2) (1)  (3) (2)  (2) (2) 
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Appendix Table C2.  Continued.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
         

The Dalles Dam – Approaches 

 
EL (CTD-1/HTD-1) 17 6  33 10  17 5 

 (144) (41)  (183) (39)  (102) (21) 

WPH (BTD-1/JTD-1) 14 5  11 8  9 5 

 (81) (20)  (62) (27)  (34) (17) 

SSpillway (ATD-1) 27 8  13 3  15 7 

 (68) (22)  (44) (29)  (51) (17) 

Unknown E Fishway 0 1  0 0  0 0 

 (2) (2)  (0) (0)  (0) (0) 

NL (ETD-1) 8 4  5 5  9 10 

 (41) (15)  (39) (25)  (33) (33) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 

         

The Dalles Dam – Entrances 

 
EL (CTD-1/HTD-1) 29 10  38 7  29 7 

 (70) (27)  (121) (27)  (70) (19) 

WPH (BTD-1/JTD-1) 7 4  7 3  1 0 

 (15) (9)  (8) (6)  (4) (3) 

SSpillway (ATD-1) 19 4  10 7  13 8 

 (31) (8)  (21) (19)  (33) (13) 

Unknown E Fishway 0 0  0 0  0 0 

 (2) (1)  (0) (0)  (0) (0) 

NL (ETD-1) 11 4  7 6  7 10 

 (36) (14)  (33) (29)  (26) (27) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 

         

The Dalles Dam – Exits 

 
EL (CTD-1/HTD-1) 2 1  0 1  1 0 

 (4) (3)  (4) (4)  (3) (2) 

WPH (BTD-1/JTD-1) 5 3  10 3  2 0 

 (6) (11)  (14) (5)  (5) (1) 

SSpillway (ATD-1) 23 7  24 8  23 10 

 (46) (13)  (79) (27)  (56) (19) 

Unknown E Fishway 4 1  0 0  0 0 

 (8) (3)  (0) (0)  (0) (0) 

NL (ETD-1) 9 3  6 3  6 5 

 (24) (10)  (24) (25)  (18) (19) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 
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Appendix Table C2.  Continued.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
John Day Dam – Approaches 

 
SL (CJD-1/LJD-1) 10 2  10 1  9 2 

 (87) (11)  (132) (16)  (141) (12) 

Sspillway-1 (BJD-1) 3 1  2 3  4 2 

 (40) (7)  (81) (18)  (45) (8) 

Sspillway-2 (BJD-2) 1 0  1 0  2 0 

 (27) (2)  (65) (14)  (40) (7) 

Unknown S Fishway 3 1  1 1  0 0 

 (45) (5)  (23) (6)  (24) (2) 

NL (AJD-1) 2 2  0 1  0 0 

 (36) (5)  (37) (16)  (11) (4) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 

         

         
John Day Dam – Entrances 

 
SL (CJD-1/LJD-1) 7 2  7 2  11 0 

 (42) (6)  (73) (7)  (98) (6) 

Sspillway-1 (BJD-1) 0 0  2 0  2 1 

 (8) (2)  (9) (2)  (8) (1) 

Sspillway-2 (BJD-2) 1 0  0 0  0 0 

 (2) (0)  (0) (0)  (1) (0) 

Unknown S Fishway 8 2  4 1  2 2 

 (45) (5)  (8) (7)  (51) (6) 

NL (AJD-1) 2 0  1 1  0 0 

 (26) (3)  (26) (8)  (4) (4) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 

         

John Day Dam – Exits 

         
SL (CJD-1/LJD-1) 4 1  3 2  7 0 

 (36) (5)  (44) (13)  (69) (6) 

Sspillway-1 (BJD-1) 6 1  9 0  4 2 

 (22) (3)  (46) (0)  (48) (4) 

Sspillway-2 (BJD-2) 4 0  0 0  3 1 

 (18) (3)  (13) (1)  (15) (1) 

Unknown S Fishway 0 1  0 1  0 1 

 (8) (2)  (19) (2)  (13) (1) 

NL (AJD-1) 3 0  2 1  0 0 

 (20) (1)  (21) (7)  (4) (3) 

Unknown N Fishway 0 0  0 0  0 0 

 (1) (0)  (0) (0)  (0) (0) 
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Appendix Table C2.  Continued.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
         

McNary Dam – Approaches 

 
SSh (3MN-1) 6 1  5 0  9 6 

 (26) (29)  (54) (1)  (66) (21) 

OG1 (5MN-1) 0 0       

 (6) (7)       

OG3 (5MN-4) 0 0       

 (4) (4)       

OG4 (6MN-1) 0 0       

 (13) (8)       

OG8 (6MN-4) 0 0       

 (3) (1)       

OG14 (7MN-1) 0 0       

 (14) (20)       

OG21 (7MN-4) 0 0       

 (13) (6)       

OG26 (8MN-1) 0 1       

 (13) (12)       

OG32 (8MN-4) 0 1       

 (9) (5)       

OG37 (9MN-1) 1 0       

 (16) (10)       

OG41 (9MN-4) 0 0       

 (19) (17)       

OG43 (AMN-1) 1 0       

 (18) (22)       

OG44 (AMN-3) 0 0       

 (10) (17)       

NPH (BMN-1) 1 2  2 0  7 3 

 (17) (18)  (61) (1)  (50) (11) 

Unknown S Fishway 0 0  0 1  0 0 

 (0) (0)  (2) (1)  (1) (0) 

NSh (CMN-1) 0 2  2 1  1 0 

 (8) (9)  (48) (3)  (23) (6) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 
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Appendix Table C2.  Continued.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
 

McNary Dam – Entrances 

 
SSh (3MN-1) 2 2  4 0  8 3 

 (6) (6)  (11) (1)  (30) (5) 

OG1 (5MN-1) 1 0       

 (1) (0)       

OG3 (5MN-4) 0 0       

 (0) (0)       

OG4 (6MN-1) 0 0       

 (1) (0)       

OG8 (6MN-4) 0 0       

 (0) (0)       

OG14 (7MN-1) 0 0       

 (0) (0)       

OG21 (7MN-4) 0 0       

 (0) (0)       

OG26 (8MN-1) 2 0       

 (4) (1)       

OG32 (8MN-4) 0 0       

 (1) (0)       

OG37 (9MN-1) 0 0       

 (2) (0)       

OG41 (9MN-4) 0 0       

 (1) (0)       

OG43 (AMN-1) 0 0       

 (0) (0)       

OG44 (AMN-3) 0 0       

 (0) (0)       

NPH (BMN-1) 3 1  3 1  3 1 

 (7) (2)  (7) (2)  (7) (1) 

Unknown S Fishway 0 0  1 1  2 1 

 (0) (0)  (7) (1)  (6) (1) 

NSh (CMN-1) 1 1  1 0  4 4 

 (6) (3)  (31) (2)  (16) (4) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 
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Appendix Table C2.  Continued.   

 
      
 1998  2000  2001 

Entrance before after  before after  before after 

         
 

McNary Dam - Exits 

 
SSh (3MN-1) 1 1  4 0  6 1 

 (7) (4)  (10) (0)  (25) (1) 

OG1 (5MN-1) 0 0       

 (0) (0)       

OG3 (5MN-4) 0 0       

 (0) (0)       

OG4 (6MN-1) 0 0       

 (0) (0)       

OG8 (6MN-4) 0 0       

 (0) (0)       

OG14 (7MN-1) 0 0       

 (0) (0)       

OG21 (7MN-4) 0 0       

 (0) (0)       

OG26 (8MN-1) 1 0       

 (1) (0)       

OG32 (8MN-4) 0 0       

 (0) (0)       

OG37 (9MN-1) 0 0       

 (0) (0)       

OG41 (9MN-4) 0 0       

 (0) (0)       

OG43 (AMN-1) 0 0       

 (0) (0)       

OG44 (AMN-3) 0 0       

 (0) (0)       

NPH (BMN-1) 3 2  3 1  1 0 

 (9) (3)  (11) (2)  (3) (0) 

Unknown S Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 

NSh (CMN-1) 1 0  1 0  3 3 

 (3) (2)  (26) (0)  (16) (3) 

Unknown N Fishway 0 0  0 0  0 0 

 (0) (0)  (0) (0)  (0) (0) 

 
 


