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Data from mark-and-recapture population estimates by the  Petersen Method (simple proportion) are binomial data, since they dealwith a certain proportion (p) of marked fish and another proportion (q = 1-p) of unmarked fish. Where:  


N1 = number of fish caught, marked and released in first sample.  


N2 = total number of fish caught in second sample (including recaptures). 


N12 = number of recaptures in the second sample (of fish marked and released in the first sample). 


� EMBED Equation.2  ��� (Note that  p is estimated from the proportion of marked fish in the N2 sample.) 


� EMBED Equation.2  ���


Population estimate (Pop.) � EMBED Equation.2  ��� 					Formula (1) 


 Variance of � EMBED Equation.2  ��� 						Formula (2) 





Example: If the second sample contained 80 fish of which 10 were marked recaptures, p = 0.125.  


Var. of � EMBED Equation.2  ���


Standard error of � EMBED Equation.2  ���


Standard error of � EMBED Equation.2  ���


For 95%0 confidence limits (Pop. t L), L = ts_ = 2sx = 2/Pq(where 2 is taken as the approximate value of t).  


Thus p + 2~ is used to compute Pop. i 95% confidence limits. 


N, N,


Upper limit = X Lower limit = Formula (3) P fiENg P  


The binomial theory for computing standard error of p = Pq requiresthat npq>9. In the previous example, N2 = 80, p = .125, and q = . 875. Thus npq = 8. 75 which falls somewhat short of the requirement, and in such an instance the confidence limits should be stated with the qualification that npq is slightly less than 9. If the values had been, say: N2 = 80, p = . 25, and q = . 75, then npq = 15 and the requirement would be met.  


Bailey (1951, Biometrika, 38: 293-306) gave a formula for the variance of the population estimate by the simple Petersen formula: 


N, N2





Pop. est. =   


Variance = N2 N2 (N2 - N,z) Formula (4) 


N.2





He then pointed out that the above formula for Pop. is applicable where Pop., N,, N2 and N,2 all tend to be infinitely large; whereas with a population, say, of 1, 000 and N, and Nz about 100, the formula N gives a biased estimate which is too large. Bailey gives an adjusted formula for population estimate, which should be used in most of our fish population estimates because such estimates generally involve populations numbering in the thousands or less, and N~ and N2 samples numbering in the hundreds. The adjusted formula, and its variance, are:  


N, (N2 * 1)





Pop. est. (Nlz + 1) Formula (5) 


P P (Ns + 1) (Nl2 t 2) Formula (6) 


See Ricker (1958, Fish. Res. Bd. Canada Bull. 119, p. 84) for comments on Bailey`s variance formula (6). Ricker states that, rather than use Bailey`s formula for variance, it is better to obtain approximate confidence intervals from charts or tables of binomial distribution, such as the charts in Clopper and Pearson (1934, Biometri}ra, 26: 404-413). Photographic copies of the two charts of interest in Clopper and Pearson are attached to the present outline. See Ricker (pp. 85-86) for an example in determining confidence limits. The Clopper and Pearson charts give the same results as obtained by the use of Formulas (2) and (3) in the present outline.  


To illustrate the use of the accompanying Clopper and Pearson charts (e. g., the one for 95% confidence), assume an Nz sample of 50 fish of which 20 were marked recaptures. In this example, p = x (in the chart) = 50 = 0. 40. The confidence limits of p are read along the vertical line which �
ends at x = o. 4. For p = 0. 4 and a sample size of 50, the 95% confidence limits of p are 0. 27 and 0. 55, and the confidence limits for the number of recaptures in a sample of 50 are (0. 27 X 50 =) 13. 5 and (0. 55 X 50 =) 27. 5 fish. Confidence limits for the population estimate are obtained by substituting 13. 5 and 27. 5 for N,2 + 1 in the formula  


N, (N2 + 1) Pop. est. =  


(Nlt + 1)





In certain studies the investigator may desire to add several population estimates and have confidence limits for the total population. For example, one might have separate population estimates for 7-, 8-, 9- and 10-inch trout which could be added to give the total number of legal-size trout. Formulas (4) and (6) give variances in terms of numbers of fish, which can be pooled and can be used to determine confidence limits for the total population where separate estimates have been added. On the other hand, variances obtained from Formula (2) cannot be pooled, and therefore do not provide a method of determining confidence limits for total population where separate estimates are added. 


In studies where population estimates are not to be added, the recommended procedure is to compute the population estimate by Formula (5), and compute its variance and confidence limits by Formulas (2) and (3) or by the Clopper and Pearson charts and the method described by Ricker (1958, pp. 84-86). 


Where population estimates are to be added, and confidence limits for the total are desired, compute population estimates by Formula (5), and compute the variance of each estimate; by Formula (6). The variances can then be pooled. 


Where confidence limits are computed from variance = Nq' and where p < 0. 50, which is usual in fish population studies, the lower "half" of the confidence interval is smaller than the upper "half" (see charts and the accompanying table). When the Bailey formulas (4) or (6) are used for variance, the confidence limits are equidistant from the estimate. Where variances from the Bailey formulas are used (either singly or pooled), allowance should be made for the fact that there is some error involved in the symmetry of confidence limits. Also, where variance is computed by the Bailey formulas, it would be safe to hold to the requirement that Ns pq > 9. 


The accompanying table is based on mark-and-recapture data for trout in Section E of the Pigeon River, 1955. Formulas (1), (2) and (3) are used in the upper part of the table; Formulas (5) and (6) in the lower part. The trout are grouped by 1-inch size classes because recapture rate with the electric shocker varies greatly with size of fish. 
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+ At an in-service session on statistics at Higgins Lake in January, 1960, Institute biologists worked out the sample problem in the accompanying table. Estimates were computed by Formulas (i) and (5), and variances by Formulas (2) and (4) but not by Formula (6). Formula (6) is the one recommended by Bailey} however. 





