State of Washington

Department of Fish and Wildlife

2108 Grand Blvd., Vancouver, WA 98661

Phone: (360) 696-6211

May 20, 2002

TO:

Steve Theisfeld

FROM:
Dan Rawding

SUBJECT:
Simulation of Petersen mark-recapture estimates for Klickitat River Spring Chinook Salmon based on Lyle Falls trapping and Klickitat Hatchery recovery

The primary purpose of the Lyle Falls trapping is to determine if bull trout in the Klickitat River are migrating to the Columbia River, or the adfluvial bull trout in the Bonneville Pool enter the Klickitat River.  However, the bycatch of other salmonids will be greater than the catch of bull trout at Lyle Falls.  It is cost effective to obtain biological and genetic data on all trapped salmonids, and tag trapped salmonids to develop accurate and precise population estimates.  You had indicated that bull trout are likely to pass upstream between November and July on a feeding or spawning migration.  Spring chinook salmon are likely to migrate through the ladder between March and June and be trapped concurrently with bull trout.   To better understand the potential benefits for fishery management, run size forecasting, and determining the freshwater capacity, I simulated a population estimate for the 2000 spring chinook run based on trap data from the hatchery and natural spawning escapement estimated from field survey using Stratified Population Analysis Software (SPAS).  I used spring chinook in this example but these types of estimates may be made for fall chinook, coho, and steelhead. 

To develop simulations I needed to estimate the total run size at Lyle Falls, the timing of fish passing the falls, the percentage using the ladder, the percentage of the run that is recovered, and the timing of recoveries.  At our May 16, meeting at the Lyle Falls fish ladder, Bill Sharpe (YN) and Tom Burns (WDFW) estimated that 20 to 30% of the spring chinook use the fish ladder, with the remainder jumping the falls.  Both agreed that ladder use was a function of flow, with ladder use increasing with higher flows.  So I plotted the mean flow for the period of spring chinook passage (March through June), and mean flow is relatively constant but increases from 2200 cfs in March to 2500 cfs in May to 1500 cfs in late June (Figure 1).  Based on the flow data I estimated ladder usage is 25% for March and April, 30% for May, and 20% for June.

Next I estimated a monthly timing of spring chinook at Lyle Falls.  Based on our site visit and a brief look at catch per unit effort (CPUE) from the sport fishery in the lower Klickitat River, it appears that peak passage time varies from late April to mid-May in most years.  Therefore, I assumed that monthly timing of spring chinook was 7%, 23%, 50%, and 20% from March through June, respectively.

The total adult run size used in this simulation was the estimated number of spring chinook salmon that passed Lyle Falls in 2000 and was estimated summing the number of spawners and mortalities from the hatchery, the natural escapement, and the sport fishery catch in June.  These numbers were 729, 516, and 100, respectively for a total of 1,345.  For this exercise I assumed that tag recoveries were only available from the fish spawned at hatchery or pre-spawn mortalities.  The recovery rate for spawners was 54% in 2000.  Additional tags would be recovered from the naturally spawning carcasses and swim-ins released for spawning; these would be added to the recoveries.  The percentage of mortalities before the first spawn and during the four egg takes are 8%, 33% 34%, 23% and 4%, respectively.  I had no information on how tagging strata distributed through the egg takes and generally skewed the early egg takes to early entry fish and later egg takes to late entering fish.

The input data for simulations included the total run size at Lyle falls, the timing of fish passing the falls, the percentage using the ladder, the percentage of the run that is recovered, and the timing of recoveries are found in Table 1.  The run size value for 1,000 simulations at Lyle Falls was 1,346 adult spring chinook.  The simulations allow us to examine the relative bias and precision in the estimate.  The mean simulated stratified estimate had a relative bias of +2.7% and had good precision.  The mean stratified population estimate was 1,382 with a mean 95% CI (1071-1621) or a mean of (+/- 20%).  Recommended guidelines for the precision of population estimates for fish management are 95% CI of +/-25%.  The results of the simulations for the pooled Petersen estimate were unbiased and precise producing a mean population estimate of 1,348 with a mean 95% CI of 1,231-1,461 or 1346 (+/- 9%).  The precision of this estimate is excellent and more precise than the recommended guidelines for research of 95% CI of +/- 10%.  The results of the simulations are in Table 2.

The simulations suggest that precise and unbiased estimates may be made for Klickitat spring chinook, for the Petersen estimate to be valid assumptions needs to be meet regarding 1) closure, 2) tagging effects, and 3) equal catchability.  To validate these assumptions separate experiments are generally conducted.  Closure for salmon populations is typically achieved by tagging throughout the run and recovering tags throughout the migration or spawning period.

Tagging related effects in fisheries include: tag induced mortality, tag loss, tag non-reporting, and tag identification.  To minimize tag induced mortality, we will minimize the time fish spend in the trap, ensure the trap is as fish friendly as possible (no sharp edges), and handle all fish with care.  In our experience short-term mortality is not usually a concern given all the precautions taken.  However, long-term mortality may still be an issue.  To examine if long-term mortality, the salmon hatchery will hold tagged and untagged salmon until spawning, and chi-square test will be used to detect if there is a differential mortality rate between tagged and untagged fish.  If there is the appropriate adjustments will be made to the population estimate.

Tag loss will be evaluated by double tagging, fish will be floy tagged and an opercle punch will be used as a secondary mark.  This secondary mark has proved to be 100% effective in WDFW fall chinook studies.  Adjustments will be made if tag loss occurs.  When recovers are in the ten of thousands, non-reporting can become a problem because it may be difficult for samplers to remain focused on detecting tags after sort through many fish.  It is our observation that the small sample sizes for spring chinook should not cause this oversight.  If there are concerns we could resample recovered fish for missing tags.  To ensure all tag are readable floy tags will be uniquely number.  Floy tag numbers on repeat spawning steelhead and bull trout are still readable two or more years after tagging.  To facilitate reading, tags will be treated with algaecide.

Equal catchability is defined as the probability of being recovered is independent of its marked/unmarked status.  Previous mark-recapture studies have indicated that at times there has been unequal catchability between sexes, size, tagging strata, recovery strata, and recovery location (hatchery vs. natural spawners).  To test for equal catchability , a chi-squared diagnostic test will be used to test for differences between these parameters with the exception of size which Kolmogorov-Smirnov test  is more appropriate.  Stratified population estimates will be calculated if the diagnostic tests indicate bias. 

WDFW and YN have used redd, live, and carcass counts to estimate spring chinook escapement in Columbia River tributaries.  However, using these methods it is very difficult to determine the accuracy and precision of escapement estimates.  For example, in redd surveys water conditions (flow and visibility) can make observer efficiency less than 100% and variable depending on these conditions.  To accurately account for these differences independent measures of observer efficiency need to be calculated over the range of condition and for each observer.  To expand redd counts into adult escapement biologists must known the average number of redds each female constructs and the average sex ratio.  Without these additional measures, we cannot say with any certainty how accurate these escapements.  Currently all we can say about the Klickitat, Wind, Lewis, Kalama, and Cowlitz spring Chinook populations is that we did the best job possible.  

As we try to rebuild salmon populations, forecast runs, allocate harvest, and restore habitat, technical and policy personnel often desire to know how sure we are of our run size and escapement estimates; the simulations suggest that mark-recapture estimates of Klickitat spring Chinook salmon serve that purpose.  In addition, mark recapture estimates can be used to help estimate observer efficiency, and redds or sex ratios for the current program.  This analysis indicates the run size of spring chinook can be accurately estimated at Lyle Falls. For example, the natural escapement of spring chinook can be indirectly estimated by subtracting the known salmon hatchery broodstock collection (729) from the Lyle Falls estimate (1346) for an escapement of 617 adults with 95% CI of (502-732) or (+/- 19%).  The precision of these estimates would be improved with additional data from swim-ins to the hatchery that are released and natural spawners.  I believe that we have a lot to gain and little to lose from trapping.   Please contact me if you have any questions (360) 906-6747.

Table 1.  Klickitat River spring Chinook data for simulations based Lyle Falls tagging and collection of adult spawners and pre-spawning mortalities at Klickitat Hatchery for the 2000 return without a sport fishery above Lyle Falls.

4 rows x 5 columns







    Recovery Statum

             Stratum Si   P(capture)        Morts         Egg1         Egg2         Egg3         Egg4     Survival   

     March       101.00         0.30         0.08         0.40         0.30         0.22         0.00         1.00   

     April       303.00         0.30         0.08         0.35         0.35         0.18         0.04         1.00   

       May       673.00         0.20         0.08         0.30         0.35         0.22         0.05         1.00   

      June       269.00         0.30         0.05         0.25         0.35         0.30         0.05         1.00   

P(recapture)                                 0.54         0.50         0.55         0.57         0.62   

Table 2.  Klickitat River spring Chinook simulatiuons based Lyle Falls tagging and collection of adult spawners and pre-spawning mortalities at Klickitat Hatchery.

Initial seeds        = 123456789   123456789

Final seeds          = 1877360361   1025370644

Good replications required : 1000     Max attempts allowed :20000

Good replications executed : 1000     Total attempts executed : 3130

All statistics based on 1000 good replications 

 > Table of sample sizes : n(cap), m(cap,rec), n(rec)

   Means of table values (over replications)






Recovery Stratum

               Captures        Morts         Egg1         Egg2         Egg3         Egg4   

     March        30.30         1.30         5.97         4.97         3.71         0.00   

     April        90.74         3.95        15.70        17.50         9.10         2.34   

       May       134.72         6.06        19.93        26.08        16.71         4.33   

      June        81.22         2.12         9.87        15.68        13.85         3.04   

 Recovered                     53.94       207.62       256.42       173.40        37.11   

   Standard Deviation of table values (over replications)






Recovery Stratum

             Stratum Si        Morts         Egg1         Egg2         Egg3         Egg4   

     March         4.55         1.14         2.33         2.14         1.90         0.00   

     April         7.42         1.91         3.92         3.99         2.96         1.46   

       May        10.28         2.48         4.48         4.97         4.00         2.08   

      June         7.60         1.47         3.00         3.79         3.53         2.88   

 Recovered                      7.33        13.63        14.55        12.72         6.45   

> End of Table 

Table 2 (continued).  Klickitat River spring Chinook simulatiuons based Lyle Falls tagging and collection of adult spawners and pre-spawning mortalities at Klickitat Hatchery.

> Table of Estimates and Standard Errors 

  Means and Standard Deviations over replications 

                      Estimates            Mean    Std. Dev.

                      ---------            ----    ---------

                    ML Darroch         1382.49       157.80

                     Std. Error       140.55        267.21

               Pooled Petersen         1347.71        64.17

                     Std. Error        58.51          6.71

> End of Table 

 >>ML Darroch 

 > Table of Stratum Estimates & Predicted counts N(cap), m(cap,rec), u(rec) 

   Means of table values (over replications)






Recovery Stratum

             Stratum Si        Morts         Egg1         Egg2         Egg3         Egg4   

     March       216.29         1.30         5.98         4.97         3.71         0.00   

     April       376.82         3.93        15.71        17.49         9.09         2.36   

       May       469.93         6.06        19.92        26.10        16.70         4.34   

      June       346.85         2.12         9.85        15.69        13.84         3.05   

  Unmarked                     42.08       165.53       202.22       137.06        26.79   

   Standard Deviation of table values (over replications)






Recovery Stratum

             Stratum Si        Morts         Egg1         Egg2         Egg3         Egg4   

     March       218.53         1.14         2.34         2.15         1.89         0.00   

     April       230.91         1.88         3.87         3.95         2.95         1.45   

       May       278.04         2.45         4.43         4.93         3.97         2.05   

      June       220.60         1.47         2.98         3.78         3.53         2.87   

  Unmarked                     17.31        55.64        61.41        43.23         9.18   
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Figure 1.  Mean daily discharge in CFS for the Klickitat River near Pitt.  
_1083413882.xls
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