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Evaluating Sockeye 

Escapement Goals in 

the Kenai River Utilizing 

Brood Tables and 

Markov Tables 



This presentation pertains to all proposals related to Kenai 

River late-run sockeye salmon escapement goals: 

   Proposal Numbers 157, 159-163 

   Committee of the Whole (Group 5) 

 

 

Escapement Goals 
 

The purpose of an escapement goal is to ensure 

sustainability and to maximize yield (harvest). 

State policy requires that escapement goals be 

developed from the best available data and be 

scientifically defensible. 
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Kenai River late-run sockeye is the only stock in the state 

that is managed with five escapement goals. 

These goals include a Sustainable Escapement Goal, an 

Optimum Escapement Goal and three Inriver Goals 

depending on the projected strength of the run. 

Is this really best management? 

90% of Kenai River late-run sockeye rear in either Skilak Lake (70%) or 

Kenai Lake (15-20%). 
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Tools for evaluating sockeye escapement goals in 

the Kenai River: 

Brood Tables - 
Are combined with other data sets to show the 
interaction of some of the significant factors that 
influence the returns and age class diversity of past 
escapements (e.g. food availability, average fry weight 
and returns per spawn year by age class). 

 

Markov Tables - 
 Use historic data on escapements, returns, returns per 
spawner and yields to illustrate the relationship between 
escapements and returns. 

 

All data comes from ADF&G 
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Utilizing the data provided by both of these tools 

make it possible to evaluate and optimize 

escapement goals. 

 

 

Appropriate sockeye escapement goals provide for: 

• Maximum sustained yield (harvest); 

• A well-distributed range of age classes in each 

return. This diversity strengthens the stocks’ 

resilience to periodic catastrophic events; 

• Equal numbers of males and females.  
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Brood Table Overview 

 Kenai River late-run sockeye salmon 

Each row lists the data from one brood year including number of 

spawners, fall fry abundance and weights, euphotic zone depth (EZD), 

zooplankton biomass, the adult return in subsequent years by age 

class, total adult return, yield (harvest), harvest rate and return per 

spawner. 
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Brood Table Definitions 

Brood Year – 
 
The spawning year. 

 
 
Spawners –  

 

Number of late-run sockeye 
spawners in that brood year. 

 

 
The number of spawners is derived 
from the sonar escapement estimate 
minus the number of fish harvested 
by sport fisheries upstream of the 
counters at river mile 19. 
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Brood Table Definitions 

    Fall Fry Abundance and Weight – 
 

•Fry are counted and weighed in Skilak 
Lake every fall. Fry counts and weight 
are presented in the Brood Table 
according to the brood year (year 
spawned) 

•Age 0 fry spend less than 1 year in 
fresh water 

•Age 1 fry spend 1 year in fresh water 

•Fry Weight is measured in grams. 

•Fry tend to spend 2 years in freshwater 

if they do not grow large enough in their 

first year for out-migrating. 

 

2014                            UCIDA 



Brood Table Definitions 

EZD -  

Euphotic Zone Depth – depth in meters of 
the penetration of sufficient light in the lake 
to allow for photosynthesis to occur. It is 
affected by seasonal changes in turbidity 
and irregular effects like flooding. EZD is 
directly related to the Zooplankton 
Biomass (food levels). 

 
Zoop Biomass – Food Supply  

Zooplankton Biomass - (measured in 
micrograms of zooplankton per square 
meter) an estimate of food levels available 
for fry residing in lake. 
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Brood Table Definitions 

Age class columns  

Adult Return Age Class Columns –  

Show the subsequent adult returns from the brood year in columns by fish age. 

Each age class of returned adults is further broken down by the time the fish spent in 
freshwater before migrating. The first number is the number of years spent in freshwater, 
the second number is the number of years spent in saltwater. 

The full age in years (in red) of the adult fish is the combined total of the fresh and 
saltwater years plus one. 

 
 

Actual age in years of returned adult fish: 

          3            3            4            4            4             5               5            5             5            6              6             6            7             7   
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Brood Table Definitions 

It takes 7 years to see the total adult returns (escapement plus yield) on 
a single spawning brood year. 
 

Healthy sockeye (and chinook) stocks include a variety of age classes in 
each return. This diversity strengthens the stocks’ resilience to periodic 
catastrophic events.  
 

 

 Actual age in years of returned adult fish: 

          3            3            4            4            4             5               5            5             5            6              6             6            7             7   
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Brood Table Definitions 

•Total Return - escapement plus harvest 
of adults returned from the brood year. 

 

•Yield – the available, harvestable 
surplus of salmon. 

 

•R/S - Return per spawner – number of 
adults returned per spawner for the brood 
year. 
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 3,888,195      2,664,745               3.5       -  Average 1987 - 2006 



Brood Table Utilization 

Organizing these data by brood year illustrates the 

relationships between some of the factors that influence 

sockeye production. 

 

The Zooplankton abundance (food supply) is reflective of the 

EZD. (These are seasonally adjusted average values.) 
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* 

The importance of the relationship between the food supply and the number of 

spawners is illustrated in the comparison of these three data sets from the Brood 

Table.  
 

An above average food supply will produce a higher yield from fewer spawners.  
 

An average or below average food supply significantly reduces yield when the 

number of spawners is above average. 
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What the Brood Table Tells Us: 

2003 - Lots of spawners – below average food supply –  
  poor yields – worst yield we’ve seen in over 30 years 
 
2007 - Fewer spawners with above average food supply –  
  better yields 
 
2008 - Even fewer spawners, best food supply –  
  still waiting on yields* 

 

* It takes a full 7 years to see the adult returns (escapement plus 
yield) on a single spawning year 
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A closer look at the results from the 2003 

spawning year: 

•1.4 million spawners were put into the Kenai River with a 
below average food supply in Skilak Lake. 

•The average fall fry weight was only half of the 20 year 
average (.6 gm fry versus 1.2 gm  fry). 

•Food supply could not support the number of fry in Skilak 
Lake and the return was significantly reduced (return per 
spawner was 1.4 versus 20 year average of 3.5) 

•Total Yield was 513,000; only 20% of the 20 year average 
yield of 2.6 million 

•No seven year olds came back. 

•No three year olds came back. 

•Majority of the fish came back as five year olds 
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Risks of maintaining excessively high 

escapement goals: 

•Continued excessive escapements will lead to density-

dependent effects that result in poor returns and the eventual 

collapse of the fish stock. 

•Examples of areas that were devastated by density dependent 

effects resulting from persistent over-escapements: 

•Coghill (Prince William Sound) 

•Karluk (Kodiak) 

•Frazer (Kodiak) 

•Excessively high escapement goals cause density-dependent 

processes that lead to declines in reproductive success due to 

intensified competition for limiting resources including juvenile 

food, suitable rearing habitat and adult spawning habitat. 
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A closer look at the results from the 2007 

spawning year: 

 

•960,000 spawners were put into the Kenai with an 
above average food supply in Skilak Lake. 

•The average fall fry weight was 1.3 gm; eight percent 
above the 20 year average. 

•Return per spawner was average (4.6) and the yield 
was 3.4 million sockeye, 38% greater than the 20 
year average. (The seven year old class of fish from 
this year has not yet been counted) 

•The return age classes were well-distributed across 
a wide range, providing a diversity that can buffer the 
effects of catastrophic events 
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What we need for healthy salmon 

stocks 

*   

•Correct escapement levels  

•Good food supply in the lakes 

•Wide range of age class in returns 

 

 

 The food supply (Zooplankton 

biomass) is one of the main 

predictors of healthy return but 

is not itself predictable. 

Other variables include 

healthy habitat. 
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Brood Tables Summary 

Brood Tables, with the inclusion of other data sets: 

 

•Show the details of the return of each brood year 
of salmon from the number of spawners to the ratio 
of return per spawner. 

 

•Indicate the interaction of some of the various 
factors that influence the returns and age class 
diversity of past escapements (e.g. food supply, 
average fry weight and returns per spawn year by 
age class). 

 

Brood Tables provide a foundation for understanding 
and interpreting Markov Tables. 
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Markov Tables 

 

 

•Use historic data on escapements, returns, returns per 

spawner and yields to illustrate the relationship 

between escapements and returns. 

 

•Provide a straightforward model to predict return/yield 

based on escapement levels. 
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Markov Table 

We start with the following data 
for late-run Kenai River sockeye: 
 

•Brood Year 

•Spawners 

•Return 

•Return per Spawner 

•Yield (harvest) 
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Markov Table 

We choose the Escapement (Spawner) Interval - 200,000 in this case  

The brood year data is then grouped into the appropriate escapement 

interval.  

“n” is the number of brood years in each interval. 

*   

 Markov Table for late-run Kenai River sockeye salmon, brood years 1969 - 2006

Escapement n Mean Mean Return per                  Yield

Interval (000) Spawners (000) Returns (000) Spawner Mean (000) Range (000)

0-200 3 120 679 5.7 559 358-871

100-300 3 165 798 5.0 633 449-871

200-400 2 292 1,055 3.6 763 578-948

300-500 4 414 2,180 5.1 1,766 580-3,419

400-600 9 495 2,450 5.0 1,955 580-3,419

500-700 8 555 3,048 5.3 2,493 999-6,393

600-800 8 724 4,798 6.6 4,075 788-8,697

700-900 7 771 4,731 6.1 3,960 788-8,697

800-1,000 5 931 3,458 3.8 2,527 698-4,840

900-1,100 5 971 3,289 3.4 2,318 698-4,840

1,000-1,200 3 1,148 3,483 3.0 2,335 1,377-3,084

1,100-1,300 2 1,181 3,412 2.9 2,231 1,377-3,084

1,200-1,400 3 1,343 2,863 2.2 1,520 513-2,301

> 1,300 8 1,655 4,212 2.5 2,557 513-8,396

2014                            UCIDA 



Markov Table 

The table shows the escapement (spawner) interval level, the number of 
years the escapement fell within that level, the mean spawners, mean 
returns, return per spawner and yield (harvestable surplus). 
 

The highlighted rows are the intervals that had the best returns, best return 
per spawner rates and best mean yields (harvestable surpluses). 

*   

 Markov Table for late-run Kenai River sockeye salmon, brood years 1969 - 2006

Escapement n Mean Mean Return per                  Yield

Interval (000) Spawners (000) Returns (000) Spawner Mean (000) Range (000)

0-200 3 120 679 5.7 559 358-871

100-300 3 165 798 5.0 633 449-871

200-400 2 292 1,055 3.6 763 578-948

300-500 4 414 2,180 5.1 1,766 580-3,419

400-600 9 495 2,450 5.0 1,955 580-3,419

500-700 8 555 3,048 5.3 2,493 999-6,393

600-800 8 724 4,798 6.6 4,075 788-8,697

700-900 7 771 4,731 6.1 3,960 788-8,697

800-1,000 5 931 3,458 3.8 2,527 698-4,840

900-1,100 5 971 3,289 3.4 2,318 698-4,840

1,000-1,200 3 1,148 3,483 3.0 2,335 1,377-3,084

1,100-1,300 2 1,181 3,412 2.9 2,231 1,377-3,084

1,200-1,400 3 1,343 2,863 2.2 1,520 513-2,301

> 1,300 8 1,655 4,212 2.5 2,557 513-8,396
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Markov  

Table Graph 

Kenai Late-run 

Sockeye  

*   

The graph clearly illustrates that for 37 years  (1969 – 2006) the yields 

were highest when spawner levels were between 600,000 – 900,000. 

When spawner levels are between 600,000 – 900,000 we see the 

greatest potential for maximum returns and this means the maximum 

yield (harvestable surpluses) for all user groups. 

 

(x 1,000) 

(x 1,000) 
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*   

Average yields drop significantly once the number of 

spawners surpasses 900,000. 

 

(x 1,000) 
(x 1,000) 

Markov  

Table Graph 

Kenai Late-run 

Sockeye  
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The data trend angles upward again once the escapement exceeds 1.3 

million spawners. 
 

However, if we refer back to the table, at these escapement levels we 

see a very wide range in the yield (513,000 – 8,396,000) and a significant 

drop in the Return per Spawner.  
 

The extreme highs and lows reflect the variability and unpredictability of 

food supply and other habitat factors.  

*   

(x 1,000) 

(x 1,000) 

Markov  

Table Graph 

Kenai Late-run 

Sockeye  
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*   

The extreme highs and lows also illustrate the oscillation of returns 

when escapement levels exceed habitat carrying capacity. Excessively 

high escapements cause returns to decrease in the next generation. 

Escapements then decrease, resulting in higher returns in subsequent 

generations.  

These effects can be blurred by changes in habitat conditions and other 

factors. When factors aren’t positively favorable, returns per spawner in 

the down cycles can fall below replacement levels. 

Markov  

Table Graph 

Kenai Late-run 

Sockeye  
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Conclusions 

“Overescapement, in general, is not sustainable…”             

 (Clark, Robert, et al, 2007, Biological and fishery-related aspects of 

overescapement in Alaskan sockeye salmon, ADF&G.) 

Over-escapement is not a myth. Whether escapement goals are 

exceeded or escapement goals are set too high, salmon 

populations are at risk when they exceed the carrying capacity of 

the habitat. 

Escapement goals should be based on production capacity, food 

supplies and historical data. Increasing escapement goals based 

on annual variations in run size is not scientifically defensible. 

Large escapements produce oscillating returns, low return per 

spawner rates and other density-dependent effects. The extreme 

variability of returns on large escapements puts at risk future runs 

and the economies that are built around the harvest of the surplus 

stocks. 
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Historical data for Kenai River late-run sockeye indicate that 

spawner levels between 600,000 and 900,000 provide the best 

returns, best returns per spawner and best yields. 

 

Kenai River late-run sockeye is the only stock in Alaska that is 

managed with three different inriver escapement goals 

depending on the projected strength of the run. This has led to 

Kenai River late-run sockeye spawner counts between 1.1 

million and 1.28 million for each of the past 4 years. 

 

Kenai River late-run sockeye should be managed for a 

Sustainable Escapement Goal and the Optimum Escapement 

Goal should be dropped from regulation. This management goal 

should apply to all user groups and will benefit all user groups.  

Conclusions 

2014                            UCIDA 


