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1.  Abstract 

     The proportion of hatchery-origin spawners is an important management metric.  This 

report provides guidance on (i) what the metric intends to capture, (ii) how to compute it 

from existing field protocols, and (iii) elements of its variance estimator. 

 

 

2.  Background 

     The proportion of hatchery-origin spawners is an empirical metric of the genetic influence 

of hatchery-origin fish on the naturally spawning population (Ford 2002, HSRG 2004).   

ODFW defines maximum allowable proportions of hatchery fish on the spawning grounds 

during planning processes.  This report provide guidance on estimating the proportion of 

hatchery-origin spawners from site survey observations and clarifies the meaning of the 

resulting calculation. 

     Let H and W represent the abundances of hatchery and natural-origin fish, respectively.  

The simple proportion of hatchery-origin spawners, 

 

may not reflect the breeding and genetic dynamics of salmonids if H and W are counts over 

an entire population and run-year.  Instead, hatchery and natural-origin salmonids often 

exhibit fine scale spatial and temporal heterogeneity in relative abundances.  Capturing fine-

scale heterogeneity is feasible with common field protocols and is necessary to better index 

the breeding and genetic interactions between hatchery and natural-origin fish. 

     Ford (2002) developed a model of fitness decline in a natural-origin population that 

depends on, among many other parameters, the proportion of natural-origin individuals in the 

wild.  Ford (2002) denotes this parameter pc.  The quantity 1- pc is the proportion of 

hatchery-origin fish in the wild.  Importantly, the Ford (2002) model assumes panmixia.  

Since salmonids do not exhibit panmixia, it is important to calculate a metric that is 

commensurate with the assumptions of Ford (2002) and salmonid breeding biology more 

generally.  This metric is hereafter denoted pHOSW, where "W" indicates weighting. 

 

 

3.  Basic protocol 

     Assume that raw data are counts of hatchery-origin (H) and natural-origin (W) spawners.  

Such counts are made over i = 1,2,3,..I survey sites within a given population.  Each survey 

site is resampled over t = 1,2,3,…T occasions throughout the spawning season.   

 

This is a weighted average.  The first parentheses contain the simple proportion of hatchery 

origin spawners for a sampling site and occasion.  This fraction is multiplied by the 
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proportion of wild fish in the site and occasion that exist over all sampling locations and 

occasions within the population.  The resulting product is then summed over all sampling 

locations and occasions. 

 

3.1  Example 

     Consider the hypothetical example below, where counts of hatchery and natural-origin 

salmonids are made at just two sites within a population and there is no temporal component 

to the counts.  Note that pHOSi (the proportion of hatchery fish within a site) is very different 

in the two sites.  Also note that the two sites have very different numbers of natural-origin 

fish.   

  
Hatchery- 

origin 
Natural-

origin pHOSi 

Site i=1 100 500 0.167 

Site i=2 200 20 0.909 

sums 300 520 
  

A spatially naïve estimate is 

.   

The recommended calculation is 

.   

 

3.2  Notes 

 Although the example above assumes just two sites and no temporal component to 

the counts for the sake of illustration, the method can and should be extended to 

multiple sites and times.   It is recommended to use the finest spatial and temporal 

scale possible, yet the added biological realism of  will diminish if observed 

fish are in a migrating rather than actively breeding.  

  will be the same number as a spatially and temporally naïve estimate of 

pHOS if there is no spatial or temporal heterogeneity in the relative densities of 

hatchery and natural-origin fish.   
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4.  Sex and Age Composition 

     In many sampling situations, the sex and age composition of spawners is known.  Since 

older or larger fish can produce more offspring, it is possible to incorporate this information 

into an estimate of pHOSW  (HSRG 2017).  Consider six age classes, a = 1,2,3,…6.  Let Fa,sex 

be the fecundity at age a for female or male fish.   

 

 

 

 

 

     Several things are noteworthy from here.  First, Fa,sex is unitless.  The six values of Fa 

should just index the relative fecundity at age.  For example, in the table below, fecundity is 

highest for 5 and 6 year old fish, and declines with younger fish.  Furthermore, fecundity 

differences between male and female can be expressed as differences between Fa, female and 

Fa, male.  In the artificial example below, 2-year old males have less fitness than 2 year old 

females (0.1 < 0.5), but as the fish age then the fitness differences between sexes disappears 

(1=1). 

 

 

While populating this table (and the equations immediately above) may be difficult, it should 

be noted that ignoring potential differences among these different kinds of fish will result in a 

computation of pHOSW that tacitly assumes homogeneity among all these fish.  This means 

that failure to incorporate Fa,sex is exactly equivalent to assuming Fa,sex =1 for all ages and 

sexes. 

 

 

Age, a Fa, female Fa, male 

1 0 0 

2 0.5 0.1 

3 0.7 0.5 

4 0.8 0.8 

5 1 1 

6 1 1 
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5.  Sampling design, variance estimates, and sampling effort 

     Uncertainty in an estimate pHOSW for a single population and year could be used to help 

inform risk-adverse1 management decisions, and help guide allocation of sampling effort 

across multiple monitoring objectives.  The calculations for pHOSW given above explicitly 

acknowledge that proportions of hatchery-origin fish on the spawning grounds vary across 

space within a population and temporally within a year.  pHOSW may also vary across years.  

It would be ideal to completely randomize sampling in space and time, but several constrains 

could make this unfeasible or inefficient.  Elements of monitoring for pHOSW are provided 

below, but details will depend on field protocols. 

 

5.1. Within site and occasion sampling variance 

     Let the variance of the quantity pHOSi,t =  Hi,t / (Hi,t + Wi,t) be given by the hypergeometric 

distribution.  This is relevant to scenarios where sampling without replacement is performed.  

If all the fish at a survey site on a given occasion are sampled, then there is no uncertainty in 

pHOSi,t.  Let n = number of observed fish, N = total number of fish at the site on the 

occasion, K = true number of hatchery fish at the site on the occasion.  K is never known 

empirically.  This is similar to how the variance of a binomial proportion depends on the 

success rate. 

 

The variances of the all the individual pHOSi,t can be computed in this way.  It may be 

reasonable to assume that all the fish present are detected (n = N) in which case Var(pHOS,i,t) 

= 0.  

 

5.2. Among site and occasion sampling variance. 

    If there is variance in the individual pHOS i,t then we can approximate the sampling 

variance in the average pHOSi,t in the following manner: 

+….  

                                                      

1 “Risk aversion” implies that uncertainty itself is used to make decisions.  If there is no risk aversion, then the 

point estimate is the only metric needed to make decisions.  
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The expression must include all pairwise combinations of pHOSi,t (denoted above as just 

1,2,3 to simplify subscript notation).  The values pHOSi,t are likely to be highly correlated, 

and so the covariance is important. 

     The variance estimator given above does not address the effect of sample size on 

inference about pHOSW at the population scale.  Regard observations of the scalar value 

pHOSi,t =  Hi,t / (Hi,t + Wi,t) as the result of a beta random variable.  Maximum likelihood 

estimates of the parameters of the beta distribution can be made from the (correlated) 

observations of pHOSi,t: 

 

Where B is the beta function, , and Γ is the gamma function, Γ(X+1) = X! 

= . 

 

5.2.1. Example 

     Assume that the true distribution of  within a basin on a given run year has mean 

μ = 0.2 and standard deviation σ = 0.1.  The associated beta distribution has parameters a = 3, 

and b = 12 because 

 

. 

In this case where a = 3 and b = 12, the basin-wide,  generating function looks like 

this: 

 

Now suppose we have the following 5 random observations of  arising from the 

distribution above:  0.053, 0.255, 0.217, 0.241, 0.091.  The maximum likelihood point 
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estimates of a and b, as well as the associated 95% confidence intervals are given in the table 

below:   

Param Point Est. L95% U95% 

a 2.77 0.12 62.34 

b 13.50 0.23 790.68 
While the point estimates are pretty close to the truth (a = 3, b = 12) the confidence intervals 

are huge.  Repeating this exercise with 50 observations yields the following result: 

Param Point Est. L95% U95% 

a 3.27 2.17 8.43 

b 12.93 4.94 19.84 
Note the much narrower confidence intervals when more data are available. 

 

5.3.  Notes 

 The formulas provided in Sections 5.1 and 5.2 could be used to simulate multiple 

potential data sets.  Section 5.1 shows how to simulate other data sets (various 

pHOSi,t) that could have been observed, given the sampling intensity within a site and 

occasion.  This could lead to multiple assessments of the beta distribution given in 

Section 5.2.  Furthermore, Section 5.2 gives methods for assessing the effect of 

different number of observations of pHOSi,t on the certainty in the basin-wide 

distribution of pHOSi,t.  

 Correlation among the  will likely be autocorellated, but were assumed 

independent in Section 5.2.1. 
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