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I.  Background and Literature Review 
 
The purpose of run reconstruction is to assess the numbers of fish returning from various origins, 
i.e., to divide the gross numbers of fish returning into different stocks and release groups.  This 
information is useful for salmon managers to gauge the success of various smolt and pre-smolt 
groups originating 2 to 6 years prior.  Although run reconstructions are reported in a number of 
publications, very little statistical assessment has been carried out.  Most, but not all, run 
reconstruction studies report numbers of fish of each stock without standard errors or confidence 
intervals.  Beamesderfer, et al. (1997) report confidence intervals for mean return numbers for 22 
index stocks by using annual data over 22 to 53 years (depending on location). Roettiger, Harper, 
and Chikowski (2002) collected data from a stratified random sample and were able to obtain 
confidence intervals using standard sample survey formulae. 
 
Simulation and modeling is sometimes used for run reconstruction.  Generally no precision is 
attached to the numbers.  Templin, Collie, and Quinn (1994) used a migration model to predict 
stock numbers by reconstructing a probable sequence leading to observable counts.  In other 
cases, historical and current data from a variety of sources are combined to reconstruct the run 
(see for example English, K.K., W. J. Gazey, D. Peacock, and G. Oliver (2004)).  Gable (2002) 
used discriminant analysis of scale data for run reconstruction, but discriminant analysis does not 
provide estimates of precision of numbers for each stock. 
 
The run reconstruction studied in this report deals with a single year and allocates fish returning 
to Lower Granite Dam on the Snake River of Washington, USA to various stocks and/or release 
groups on the basis of coded wire tags, adipose fin clips, PIT tags, and scale samples collected on 
a subset of the run.  The end result is an estimate of numbers and origins of fall Chinook 
returning including wild fish.  Numbers are reported for adults and jacks.  Both the estimates of 
numbers of adults and jacks returning and of the group composition are a result of statistical 
sampling.  The purpose of this study is to evaluate the statistical properties of the estimators 
obtained for the 2005 run.  Bootstrap methods were used to derive confidence intervals on return 
numbers and composition. 
 
II.  Conceptual Development 
 
Run reconstruction at Lower Granite Dam is based primarily on three data sets, 1) fish counts 
past the window at the dam, 2) data collected on fish trapped at the dam, and 3) detailed fish data 
derived from processing fish trapped at Lower Granite Dam and hauled to Lyons Ferry Hatchery 
(LFH) or Nez Perce Tribal Hatchery (NPTH).   
 
In 2005, window counts of fall Chinook started on August 18 and ended on December 15.  From 
August 18 to October 31, the window was staffed for 50 minutes per hour from 4 a.m. to 8 p.m.  
Data collected from 24-hour window counts in 2000-2002 show that 96.5% of the fish arrive at 
the window during those 16 hours.  A 24-hour estimate of fish arrival from August 18 to October 
31 is obtained by dividing the daily counts by 5/6 to convert them to a full 16 hours and then 
dividing by 0.965 to convert them to 24 hours.  From November 1 to December 15, video 
cameras were used to record fish passage at the window for 10 hours per day.  Dividing these 
daily numbers by 10/16 converts them to 16-hour counts which are then divided by 0.965 to 



generate daily counts.  The window count data show numbers of adults and jacks with and 
without adipose (ad) fin clips. 
 
The trap at Lower Granite was opened four times an hour during each 24-hour period from 
September 6 to November 20 so that the trap was open 13% of the time.  Daily trap counts are 
expanded to 24-hour counts by dividing by 0.13.  Data collected on each fish in the trap includes 
among other variables trap date, sex (F,M,jack), fork length, clip/no-clip, other marks and tags, 
presence/absence of coded wire tag, and origin based on scale samples for a portion of 
unclipped, unmarked fish. 
 
The data collected on fish processed at the hatcheries included coded wire tag information, sex 
(F,M,jack), fork length, VI tag information, adipose fin clip status, operculum punch 
information, PIT or radio tag status, and origin from scale data for a portion of untagged, 
unmarked fish. 
 
Run composition data are derived from the detailed data collected at the hatcheries for those fish 
trapped during September 6 to November 20 and by allocation of unmarked, untagged fish using 
a set of heuristic allocation rules. 
 
Bootstrap confidence intervals were derived for numbers of each group of fish returning 
(including wild fish) via parametric and nonparametric bootstrap samples of the three data sets 
described above along with a multinomial parametric bootstrap sample of composition. 
 
From September 6 to November 20 there were two estimates of numbers of fish returning--
window counts and trap counts.  The window counts were derived from complete enumeration of 
80% (5/6 x 0.965) of the fish.  It is reasonable to assume that these counts provide more accurate 
return data than the trapping data which comprise only 13% of the returning fish.  This may be 
true, but we have to assume that there were no errors in window counts and that the 5/6 and 
0.965 multipliers are the correct expansion factors.  The 5/6 multiplier is clearly defensible.  The 
0.965 depends on the accuracy of the 2000-2002 data and its appropriateness for 2005.  While 
the trap counts represent only 13% of the returning fish, the expansion obtained by dividing 
counts by 0.13 follows from assuming systematic random sampling each hour for the entire 24 
hours. 
 
One difficulty in evaluating the window counts is that we have only one realization of the time 
series of daily returns from August 18 to December 20.  One can't select bootstrap samples from 
a single sample.  If we assume that the window count time series represents a biological process 
observed with noise (see Figure 1), then we can model the process and bootstrap the noise.  The 
fish return time series takes a predictable form.  Few fish arrive before and after the trapping 
period.  During the trapping period the window counts rise rapidly, peaking in the third week in 
September and falling off just as rapidly thereafter.  The sampling variation (noise) depends on 
time period—pre-trapping, peak, after peak, and after trapping.   
 
A 15 term Fourier series was fitted to the adult and jack window data and then the residuals were 
bootstrapped after dividing them into 4 subsets—pre-trapping, peak, post peak, and post-trapping 
(see Figure 1).  Bootstrapped residuals were added to the Fourier model of returns to get 



bootstrap window counts for each day. Each bootstrap cycle produces daily counts, which can be 
summed to get estimates of season long returns and returns pre-trapping and post-trapping.  By 
ordering the bootstrap estimates of total returns for the season and taking the 100α/2-th and 
100(1-α/2)-th ordered value, we get a 100(1-α)% confidence interval on numbers of fish 
returning based on window counts.  A similar process gives confidence intervals for pre- and 
post-trapping returns. 
 
Bootstrapping the trap data is somewhat more straightforward.  A parametric bootstrap sampling 
process was used to represent the variability inherent in trapping 13% of the fish.  In each 
bootstrap cycle, a bootstrap number of fish trapped was generated from a binomial distribution, 
X~binomial (n ,0.13) where n is the estimate of number of fish caught in the trap based on this 
year’s trap data.  That many records were then sampled from the 1,689(total number of fish 
trapped during 13%, includes fish released at the trap) records in the trapping database with 
replacement.  Note that the number of records selected can be greater or less than 1,689 
depending on the value of X. 
 
 
 Figure 1. Daily window counts and fast Fourier transform model fit 

 
The hatcheries processed 1,423 Lower Granite fish.  For each cycle of the bootstrap process, 
1,423 records were randomly selected with replacement from the processed fish database. 
 
Finally the composition database consists of numbers of fish for each of 99 groups of fish.  These 
numbers were converted to proportions, which were used for multinomial sampling.  The 
number of adults (nA) and jacks (nJ) generated was determined from the numbers of adults and 
jacks in the current bootstrap copy of the processed fish data base.  So nA multinomial samples 
were generated in 99 categories where proportions are taken from the observed proportions in the 
run reconstruction, i.e., (X1,…,X99)~Multinomial(nA,p1A,…,p99A)  A similar multinomial sample 



was generated for jacks.  Given these bootstrapped numbers of each group for adults and jacks, 
bootstrap proportions of each group for adults and jacks is found by dividing each group number 
by the total (for adults or jacks respectively).  These bootstrap proportions are then multiplied by 
the current bootstrap estimate of the total run size (hybrid total) to produce bootstrap estimates of 
the numbers of each group returning. 
 
The number of bootstrap samples was set at 1,000.  The process described above produced 1,000 
time series of window counts, 1,000 trapping data bases consisting of a variable number of 
trapped fish determined from a binomial number of fish trapped, 1,000 copies of the hatchery 
fish processing data base with each copy consisting of 1,423 records, and 1,000 copies of the 
percent composition database (along with bootstrap estimates of numbers returning by group). 
 
Using each copy of the window time series, 1,000 before trapping, after trapping, and total 
window counts were calculated.  Using each bootstrap copy of the trapping database, 1,000 
estimates of the number of fish arriving during trapping were calculated.  The percent jacks and 
other numbers needed to perform the regression for wild fish during the pre-trapping period were 
also calculated.  And for both adults and jacks, 1,000 regressions of % wild versus week were 
calculated.  When the regression was undefined, the numbers of pre-trapping wilds was set to 0.  
Using each bootstrap copy of the processed fish database, numbers of adults and jacks for the 
multinomial bootstrap of composition were then calculated.  The composition bootstrap sampling 
produced two 1,000 by 99 matrices of % compositions--each row consisting of percent of adults 
or jacks of each of 99 groups.  Finally, numbers of each group for adults and jacks were 
produced by multiplying the hybrid window/trap estimates of adults and jacks by the percent 
compositions producing two 1,000 by 99 matrices of numbers of adults or jacks of each 
category.  
 
We now have 1,001 estimates of each quantity required for the run reconstruction--the estimates 
from the original data and 1,000 bootstrap estimates.  In particular we have 1,001 estimates of 
before trapping, after trapping, and total window counts.  We have 1,001 estimates of numbers of 
adults and jacks trapped.  We have 1,001 estimates of numbers of each sex and origin for 
processed fish.  We have 1,001 numbers of adults and jacks for each of 99 groups. 
 
To get a bootstrap confidence interval for any estimate, e.g., total fish arriving at Lower Granite 
based on the hybrid window/trap estimator, we order the 1,001 values and locate the 5 and 95 
percentage points.  These two values give the 90% confidence interval--in this case for total 
numbers of fall Chinook arriving at the dam. 
 
III. Results 
 
We present 90% confidence intervals for numbers of fish arriving at Lower Granite Dam based 
on window counts (Table 1).  We are 90% confident that the true numbers of adults arriving at 
the Lower Granite window is between 10,840 and 12,383.  Similar statements hold for each entry 
in the table. 



 
Table 1.  Window count estimates of fall Chinook to Lower Granite Dam with lower and upper 
confidence intervals. 
Estimator Adults (lower, upper) Jacks (lower, upper)   Total (lower, upper)
2005 Season 11608 (10840,12383) 3410 (3176,3605) 15018 (14192,15801) 
Pre-trapping     803 (577,1042)   166 (138,194)     969 (745,1207) 
Trap period 10785 (10048,11487) 3240 (3027,3449) 14025 (13250,14764) 
Post-trapping       20 (7,78)       4 (-6,13)       24 (4,85) 
 
 
From the 13% trapping data we get estimates of numbers of adults and jacks arriving at Lower 
Granite Dam from September 6 to November 20--the trapping period.  These numbers are 
combined with window count data before and after trapping (Table 1) to give a "hybrid" estimate 
of total numbers of adults and jacks arriving at Lower Granite Dam.  For 2005, the estimate for 
adults arriving during the trapping period is 10,815 with a 90% confidence interval of (10346, 
11238).  The estimate for jacks is 2,178 with a confidence interval of (1962, 2377).  When 
combined with the pre-trapping value of 803 and the post-trapping value of 20, we get an adult 
estimate of 11,638 with a 90% confidence interval of (11107, 12140).  The hybrid estimate of 
jacks is 2,347 (166+4+2177) with a 90% confidence interval of (2133, 2549).  Adults and jacks 
together totaled 13,985 with a confidence interval of (13434, 14523). 
 
Table 2.  Trap count estimates of fall Chinook to Lower Granite Dam with lower and upper 
confidence intervals. 
Estimator Adults (lower, upper) Jacks (lower, upper) Total  (lower, upper) 
Trapping 10815 (10346, 11238) 2177 (1962, 2377) 12992 (12477, 13446) 
Hybrid 11638 (11107, 12140) 2347 (2133, 2549) 13985 (13434, 14523) 
 
 
The window estimate of adults during the trapping period (10,785) is similar to the trapping 
estimate of adults (10,815).  The window (3,240) and trap (2,177) estimates of number of jacks 
arriving during the trapping period differ in point estimates as well as confidence intervals. 
 
The point estimate of numbers of wild fish (adults and jacks) is found by taking the trap estimate 
of adult and jack wild fish and adding regression estimates from pre-trapping window counts and 
window estimates from post-trapping.  The value obtained for 2005 is 2,939 (2,835 adults and 
104 jacks).  The 90% confidence interval is (2566, 7388). 
 
Run composition numbers and confidence intervals are given in Table 3.  The origin listed below 
is abbreviated.  The hatchery of origin can be LF (Lyons Ferry), NPTH (Nez Perce Tribal 
Hatchery), KLICK (Klickitat), UM (Umatilla), BONN (Bonneville) or unknown.  The brood 
year consists of the last two digits of the year.  Smolt age at release is either listed as sub 
(subyearling) or yrl (yearling) or res reared (reservoir reared in river and migrated as a yearling).  
The next few digits indicate the release site where O indicates an onstation release from the 
hatchery listed in the prefix.  Other release sites include UM (Umatilla River), BC (Big Canyon 
on the Clearwater R.), CJ (Captain John Rapids on the Snake R.), PL (Pittsburg Landing on the 
Snake R.), and CC (near Couse Creek on the Snake R.).  The next abbreviation is either a D or an 



A indicating direct release or release from an acclimation pond.  The 1 and 2 listed at the end of 
the code indicate the first release or the second release from the same site that year.  For instance, 
LF01SBCA1 means Lyons Ferry Hatchery produced, broodyear 2001, subyearling release, from 
Big Canyon acclimation facility.  Likewise LF01SBCA2 unm/untag unassociated indicates the 
same hatchery, broodyear, smolt age at release and release site as listed above but this is the 
second release from that site and it was an unmarked/untagged release that was not associated 
with a CWT release group.    
 
The groups with the largest return were:  LF01SBCA2 (unassociated) with 1,175 adults.  
Because these fish were not associated with a CWT group the estimate is not as solid as those 
with CWTs.  Current tagging protocols are designed to minimize the number of unassociated 
groups released.  The intent is to have all releases associated with a CWT but unassociated 
releases may occur if tagged and untagged fish are not the same size at release.  
 
 
The next largest return of adults was from LF01YO (Lyons Ferry hatchery origin broodyear 01 
yearling released onstation) with 901 adults, WILD subs age 3 with 871 adults in the return, 
followed by LF01SCJA12 with 730 adults.   



 
Table 3. Composition of fall Chinook return to Lower Granite Dam with 90% CI.   

Stock Origin by CWT or scales CWT Adults
Lower 

limit
Upper 

limit Jacks
Lower 

limit
Upper 

limit 
out-of-basin STRAY-09BLANK unknown hatchery 09BLANK 139.3 82 198.7 0 0 0 
out-of-basin STRAY-63BLANK unknown hatchery 63BLANK 49.2 17.7 87 0 0 0 
out-of-basin STRAY-BLANK unknown hatchery BLANK 139.3 85.7 198.9 37 0 82.9 
out-of-basin STRAY-Presumed Umatilla Hatchery-09BLANK sub age 5 09BLANK 8.2 0 26.8 0 0 0 
out-of-basin STRAY-KLICK01S 631395 58.6 26.3 100.1 0 0 0 
out-of-basin STRAY-KLICK02S 631797 97.8 52.9 148.9 0 0 0 
out-of-basin STRAY-UMA00SUMA 93255 8.2 0 26.9 0 0 0 
out-of-basin STRAY-UMA01SUMA 93501 8.2 0 27 0 0 0 
out-of-basin STRAY-UMA01SUMD 93504 8.2 0 26.1 0 0 0 
out-of-basin STRAY-UMA03SUMA 94030 8.4 0 26.6 0 0 0 
out-of-basin STRAY-Presumed Bonneville Hatchery 09BLANK yrl age 4 09BLANK 16.4 0 37.2 0 0 0 
out-of-basin STRAY-Presumed Bonneville Hatchery BLANK yrl age 4 BLANK 8.2 0 27.3 0 0 0 
out-of-basin STRAY-Presumed Bonneville Hatchery BLANK yrl age 5 BLANK 32.8 8.9 63.4 0 0 0 
out-of-basin STRAY-BONN00YUMD 93346 41 9.2 73.9 0 0 0 
out-of-basin STRAY-BONN01YUMD 93627 8.4 0 26.9 0 0 0 

out-of-basin 
Presumed STRAY unknown hatchery LOST tag yrl age 3  
CWT only LOST 8.2 0 27 0 0 0 

Snake R. Hatchery LF02SCCD 631391 33 8.9 64.5 0 0 0 
Snake R. Hatchery LF00YO 631273 322.6 234.8 418 0 0 0 
Snake R. Hatchery LF01YO 631585 901.3 748.5 1043.2 10.7 0 35.3 
Snake R. Hatchery LF02YO 632167 189.6 122.6 263.1 0 0 0 
Snake R. Hatchery LF03YO 631769 0 0 0 339 222.9 454.4 
  631770 0 0 0 268.6 166.6 377.2 
  632368 0 0 0 9.8 0 34.2 
Snake R. Hatchery LF99YO 630476 16.6 0 37.2 0 0 0 
Snake R. Hatchery LF01SO 630890 82.4 37.8 129.3 0 0 0 
Snake R. Hatchery LF02SO 631545 41.4 9.3 72.6 0 0 0 
Snake R. Hatchery LF03SO 631786 0 0 0 41.7 0 86.7 
Snake R. Hatchery NPTH02SNLVA 610109 8.2 0 26.7 0 0 0 
Snake R. Hatchery NPTH02SO1 610107 8.4 0 27.2 0 0 0 
Snake R. Hatchery NPTH02SO2 610110 96.2 46.5 147.7 0 0 0 
Snake R. Hatchery NPTH03SA 612675 0 0 0 40 0 84.8 



Stock Origin by CWT or scales CWT Adults
Lower 

limit
Upper 

limit Jacks
Lower 

limit
Upper 

limit 
Snake R. Hatchery LF00YCJA 630183 25.9 8.4 54.6 0 0 0 
Snake R. Hatchery LF01YCJA 610118 231.2 160.3 308.4 0 0 0 
Snake R. Hatchery LF02YCJA 612503 112.8 63.5 166.1 19.3 0 51.8 
Snake R. Hatchery LF00SCJA1 unm/untag (unassociated)  19.1 0 45.2 0 0 0 
Snake R. Hatchery LF01SCJA1 610106 382.9 282.9 475.5 0 0 0 
Snake R. Hatchery LF01SCJA2 610105 729.5 593.1 866.4 0 0 0 
Snake R. Hatchery LF02SCJA1 610121 171.4 106.7 242 0 0 0 
Snake R. Hatchery LF02SCJA2 612654 119.8 71 174.8 8.8 0 34.5 
Snake R. Hatchery LF03SCJA 612600 0 0 0 150.8 75.6 235.6 
Snake R. Hatchery LF99SCJA 630168 16.8 0 37.5 0 0 0 
Snake R. Hatchery LF99SBCA1 unm/untag (unassociated)  0 0 0 0 0 0 
Snake R. Hatchery LF99SBCA2 unm/untag (unassociated)  0 0 0 0 0 0 
Snake R. Hatchery LF00SBCA1 630271 41.7 17.1 74.5 0 0 0 
Snake R. Hatchery LF00SBCA2 unm/untag (unassociated)  126.9 72.6 189.7 0 0 0 
Snake R. Hatchery LF01SBCA1 612639 430.8 333 533.9 0 0 0 
Snake R. Hatchery LF01SBCA2 unm/untag (unassociated)  1174.7 997 1337.5 0 0 0 
Snake R. Hatchery LF02SBCA 610122 193.2 126.3 266.3 0 0 0 
Snake R. Hatchery LF03SBCA 612500 0 0 0 161.7 87 253.2 
Snake R. Hatchery LF00YBCA 630677 32.8 8.9 64.1 0 0 0 
Snake R. Hatchery LF01YBCA 610119 73.7 36 120.5 0 0 0 
Snake R. Hatchery LF02YBCA 612659 49.4 17.8 86.4 0 0 0 
Snake R. Hatchery LF03YBCA 610145 0 0 0 114.1 47 185.1 
  610147 0 0 0 83.6 29.4 156.8 
Snake R. Hatchery LF00YPLA 630678 69 27.4 111.2 0 0 0 
Snake R. Hatchery LF01YPLA 610120 60.3 26.8 100.6 0 0 0 
Snake R. Hatchery LF02YPLA 612502 92.2 46.1 139.2 17.2 0 49.2 
Snake R. Hatchery LF03YPLA 610146 0 0 0 47.8 0 95.8 
  610149 0 0 0 58.1 15.5 115.1 
Snake R. Hatchery LF99SPLA1 unm/untag (unassociated)  0 0 0 0 0 0 
Snake R. Hatchery LF01SPLA 612501 165.4 105.3 231.2 0 0 0 
Snake R. Hatchery LF02SPLA 610123 101.1 54.3 154.2 0 0 0 
Snake R. Hatchery LF03SPLA1 unm/untag (unassociated)  8.9 0 26.9 426.7 302.2 560.6 
Snake R. Hatchery LF03SIPCPLA 107976 0 0 0 19.9 0 51 
  108076 0 0 0 19.9 0 53 



Stock Origin by CWT or scales CWT Adults
Lower 

limit
Upper 

limit Jacks
Lower 

limit
Upper 

limit 
Snake R. Hatchery LF-COE research near Couse Cr. by PIT tag sub age 4  24.6 0 54.3 0 0 0 

Snake R. Hatchery 
LF-COE research near Couse Cr. by PIT tag sub res rear 
age 3  16.4 0 37.3 0 0 0 

Snake R. Hatchery 
LF-COE research near Couse Cr. by PIT tag sub res rear 
age 4  16.4 0 36.8 0 0 0 

Snake R. Hatchery 
LF-COE research near Couse Cr. by PIT tag sub res rear 
age 5  8.2 0 26.9 0 0 0 

Snake R. Hatchery LF-NOAA research near PLA by PIT tag sub age 3  16.4 0 36.5 0 0 0 
Snake R. Hatchery LF-IPC near HC Dam AD only hatchery sub age 3  8.2 0 26.8 0 0 0 
Snake R. Wild WILD sub age 2  18.1 0 44.3 123.9 50.5 204 
Snake R. Wild WILD sub age 3  870.8 727.8 1019 17.7 0 50.4 
Snake R. Wild WILD sub age 4  632.5 504.5 762.6 0 0 0 
Snake R. Wild WILD sub age 5  71.5 28.2 115.4 0 0 0 
Snake R. Wild WILD sub age 6  9 0 27.5 0 0 0 
Snake R. Wild WILD sub res rear age 2  0 0 0 70.8 18.3 127 
Snake R. Wild WILD sub res rear age 3  507.1 398 629.4 106.3 45.7 181.8 
Snake R. Wild WILD sub res rear age 4  687.5 559.6 816.7 0 0 0 
Snake R. Wild WILD sub res rear age 5  286.3 204.8 371 0 0 0 
Snake R. Wild WILD sub res rear age 6  8.8 0 26.9 0 0 0 
Snake R. Wild PIT tag WILD sub age 3  8.5 0 26.9 0 0 0 
Snake R. Wild PIT tag WILD sub age 4  8.5 0 26.9 0 0 0 
out-of-basin STRAY unm/untag hatchery yrl age 2  0 0 0 8.5 0 32.7 
out-of-basin STRAY unm/untag hatchery yrl age 3  17 0 37.2 0 0 0 
out-of-basin STRAY unm/untag hatchery yrl age 4  85.7 44.9 128.9 0 0 0 
out-of-basin STRAY unm/untag hatchery yrl age 5  61.2 26.6 102.3 0 0 0 
out-of-basin STRAY unm/untag hatchery sub age 2  51.4 18.1 85.1 102.6 40.6 169.5 
out-of-basin STRAY unm/untag hatchery sub age 3  415.9 320.4 518.1 0 0 0 
out-of-basin STRAY unm/untag hatchery sub age 4  69.5 27.8 116 0 0 0 
Snake R. Hatchery Inbasin unm/untag hatchery sub age 3  362.7 268.4 454.1 42.7 0 87.5 
out-of-basin STRAY AD only hatchery yrl age 4  17.3 0 38 0 0 0 
out-of-basin STRAY AD only hatchery yrl age 5  8.7 0 26.5 0 0 0 
Snake R. Hatchery Presumed IPC-AD only STRAY hatchery sub age 2  8.7 0 27.1 0 0 0 
Snake R. Hatchery Presumed IPC-AD only STRAY hatchery sub age 3  346.4 256.3 433.9 0 0 0 
Snake R. Hatchery Presumed IPC-AD only STRAY hatchery sub age 4  103.9 55.9 157.9 0 0 0 



Stock Origin by CWT or scales CWT Adults
Lower 

limit
Upper 

limit Jacks
Lower 

limit
Upper 

limit 
Snake R. Hatchery Presumed IPC-AD only hatchery sub age 3  52 18.2 91 0 0 0 
Snake R. Hatchery Presumed IPC-AD only hatchery sub age 4  43.3 17.4 80.3 0 0 0 
Snake R. Hatchery Presumed IPC-AD only hatchery sub res rear age 4  26 0 54.4 0 0 0 
  TOTALS 11,638   2,347   
 



IV.  Discussion 
 
From a statistical viewpoint, the most difficult calculation is the calculation of wild fish 
during the pre-trapping period.  The start date for trapping at LGR is dictated by water 
temperatures.  Generally, early season water temperatures are too high to allow handling 
or trapping of fall Chinook.  While trapping at that time would be best for run 
reconstruction purposes, it would not be best for the fish.  The methodology used for 
estimates during the pre-trapping period has two issues.  Chinook biologists consider the 
window estimate of jacks to be too high because jack determinations occur as fish swim 
past pieces of tape on the counting window, allowing for visual error.  The number of 
jacks estimated from the trapping data is more accurate because fish are physically 
measured.  This claim is supported by the larger estimates of jacks in the window count 
table above (Table 1) compared to the trap count table (Table 2).  For this reason the pre-
trap window counts are adjusted so that there is the same percentage of jacks in the pre-
trap window sample as in the trapping sample collected from September 6 to November 
20--17%.  The second issue is that there is evidence (see Figure 2 below) that the 
proportion of wild fish in the non-clipped fish is higher early in the season than later.  For 
this reason the weekly %wild in non-clipped fish is regressed against week and the 
resulting curve is used to predict pre-trap wild fish. 
 
Figure 2. Regression of % wild versus week for adult fall Chinook at Lower Granite Dam 
(Henry Yuen, USFWS, personal communication). 
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In the run reconstruction document, data from 2005 is used for the regression but some of 
the 2005 data are omitted (points in the upper right portion of the graph).  Data from 2002 
is overlaid in Figure 2 for comparison with the 2005 estimate for the pre-trapping period.  
While this regression makes sense when a human can look at the trend and make 
decisions, it is not clear that the process works under bootstrap simulation.  In a number 
of cases, the records selected at random from the trapping database do not lead to a 
reasonable regression.  In these cases, the number of wild fish cannot be estimated or are 
estimated too high.  Since the numbers of wild fish reported above (2,939) is over 20% of 
the fish returning, we have reason to be concerned about the accuracy of the regression.  
On the other hand, the number of wilds estimated pre-trap (301 adults and 32 jacks) is 
only about 10% of the wild fish reported.  This means that the pre-trap estimate of wild 
fish contributes only about 2% of the overall run.  Although a minor component, it would 
be worth finding another way to deal with this problem. 
 
The second item of interest from a statistical viewpoint is the difference between the 
window count and hybrid estimates of numbers of jacks—3,392 and 2,347.  The 
confidence intervals don't even overlap.  This difference in jack counts carries over into 
the season estimates—15,020 and 13,985--a difference of over 1,000 fish.  This is worth 
further investigation. 
 
Confidence intervals for numbers of fish in each group are wider for larger groups than 
smaller groups.  This suggests a somewhat constant coefficient of variation.  For small 
groups, the lower limit was often 0. 
 
The larger variability seen for groups with more fish is seen in Tables 1 and 2 as well.  
The standard error for jacks from window counts is 133.  The coefficient of variation is 
3.9% (100 x 133/ 3392).  For adults the standard error is 457 with a coefficient of 
variation of 3.9% also (100 x 457/ 11,629).  For trapping data, one gets a coefficient of 
variation of 5.8% (100 x 126/ 2,177) for jacks and 2.5% (100 x 272 / 10,815) for adults.  
These relatively constant coefficients of variation indicate that it is harder to estimate 
large groups with the same precision as one gets for small groups of fish.  The variability 
in the estimates increases as the estimate increases.   
 
Given that the precision with which we know numbers of fish returning is not constant, it 
is more important to estimate precisely the numbers of a group with a small return as 
opposed to a group with many fish returning.  For these data, this appears to be what is 
happening. 
 
Another year's analysis will help us understand the behavior of the point and interval 
estimates derived in this run reconstruction of fall Chinook to Lower Granite Dam.  To 
this point, researchers have viewed run reconstruction as an accounting exercise--usually 
implemented in spreadsheet form.  It is important to understand the statistical properties 
of such estimates.  The 2005 analysis was a good first step. 



 
It is important that we have statistically sound estimates.  Reconstructing the run is time 
consuming and complicated.  It requires input and time from several people who are busy 
with other duties during the time the work needs to be done.  If methods were 
standardized and funds were available for a dedicated person to coordinate the work, the 
results could be published in a more timely fashion. 
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