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Group 2 

Committee of the Whole 

Kenai River Late Run King Salmon Management Plan 

Sport and Commercial 

Proposals 207 thru 218 

 

Supporting Documents – Attached or Referenced: 

 Kenai River Sockeye Escapement Goals 

 Cook Inlet Salmon Fishery Management 

 A King Without a Crown:  Chinook Vulnerable to Ocean Forces – Morris 

Communications 

 

Proposals: 

207 – Oppose – Creating any form of an OEG that allocates Kings to benefit one stakeholder 

 group 

208 – Oppose – This proposal is attempting an allocation utilizing the establishment of a 

 new OEG 

209 – Oppose – Attempting to allocate Kings to one user group, no paired conservation 

 burdens, catch & release effects on spawning grounds are ignored 

210 – Support – Sets the SEG/BEG around the MSY escapement values, eliminates the 

 imbedded 3,000, attempt at allocating Kings, proposal speaks to salt water harvests 

211 – Oppose – Unnecessary, increases costs for all commercial users, we use similar 45 

 mesh nets, increases gear (webbing) costs for the drift fleet.  Will the PU gillnet gear 

 also be reduced to 29 mesh? 

212 – Oppose – Unnecessary, complicates management with unspecified allocations 

213 – Oppose – Unnecessary, complicated management with unspecified allocations 

214 – Support – Housekeeping, simplifies management 

215 – ? – Legal issues:  Equal treatment?  Allocative 

216 – ? – Unspecified allocation will result 

217 – Support – Restores balance to management plans 

218 – Oppose – Kings in this area move around Anchor Point to Bluff Point with the tide, 

 not sure what this proposal accomplishes 
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Kenai River 
Sockeye 
Escapement 
Goals  

United Cook Inlet Drift 
Association 
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Evaluating Sockeye 
Escapement Goals in 
the Kenai River Utilizing 
Brood Tables and 
Markov Tables 
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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. 
 

2014                            UCIDA 
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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%). 

2014                            UCIDA 
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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 

2014                            UCIDA 
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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.  
  

2014                            UCIDA 
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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. 

2014                            UCIDA 
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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. 

 
 

2014                            UCIDA 
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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. 
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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. 

 

2014                            UCIDA 
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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   

 

2014                            UCIDA 

PC 476
13 of 78



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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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.) 

2014                            UCIDA 
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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. 

2014                            UCIDA 
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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 

*   2014                            UCIDA 
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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 

 
* 2014                            UCIDA 
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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 

  * 2014                            UCIDA 
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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. 

2014                            UCIDA 
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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. 

*   2014                            UCIDA 
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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 

 

*   2014                            UCIDA 
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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) 
 

*   2014                            UCIDA 
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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 

PC 476
25 of 78



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

2014                            UCIDA 

PC 476
26 of 78



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 
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Salmon Fishery 
Management 

Cook Inlet 

      2014                  United Cook Inlet Drift Association 
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Utilizing Salmon 
Migration Patterns 
and Run Timing 
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The management that has evolved for UCI over the past 
decades was largely based on a set of assumptions that 
we now realize were incorrect. (For further information see 
“Fishery Related Aspects of Faulty Sonar Data, Over-Escapement and 
Impaired Habitat for Susitna Sockeye” in Board packet.) 

 
Scientific data from genetic stock identification, Test Boat 

fishing and the recognition that Susitna sockeye 
escapements had been grossly undercounted since 1982 
have contradicted those previous assumptions.  

 
Scientific data can now inform an empirically-based 

management plan.  

*   

Cook Inlet Salmon Fishery Management 
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Previous assumptions: 
 

–The Yentna Bendix sonar counter was assumed to be accurate 
when it indicated that escapements goals in the Susitna were not 
being met;  
–Northern-bound sockeye stocks were thought to migrate though 
central Cook Inlet at particular times in particular areas. 
–Assumptions were made that time and area restrictions to the drift 
fleet would help conserve those northern-bound stocks. 
 

Through multi-year studies on escapement counts, stock 
composition, Test Boat fishing and genetic stock identification, 
ADF&G has accumulated data that refute these assumptions. (See 
References, final slide.) 
 

It is critical to change UCI management to reflect the new 
information because management based on the flawed 
assumptions has had significant adverse effects. 

*   

Cook Inlet Salmon Fishery Management 
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*   

 
 
 

 

Issues with current management: 
 
• Compressed escapement and harvest of Kenai late-run 

sockeye;  
• There is no methodology for measuring the effects of 

commercial fishery restrictions currently in regulation; 
• Management focus on commercial fishery restrictions has 

diverted attention from growing habitat problems affecting 
salmon production; 

• Harvest opportunity has been lost. 
 

In 2013 UCI sockeye salmon had “one of the most 
compressed, if not the most compressed runs in UCI 
history.” (ADF&G 2013 UCI Commercial Salmon Season Summary) 

Cook Inlet Salmon Fishery Management 
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*   

 
 
 

 

These problems have been the result of efforts to restrict 
commercial fishing areas to allow the passage of Susitna 
salmon through the Central District. The restrictions were 
based on assumptions about fish migrations to solve a 
problem that did not exist.   

 

These restrictions would not have been implemented if the 
Yentna sonar counter had been accurately counting 
sockeye salmon going back to 1982. 

 

The restrictions were never scientifically evaluated. No 
studies were ever done, no data was ever generated that 
would allow the department or stakeholders to determine 
the effectiveness of the restrictions. 

Cook Inlet Salmon Fishery Management 
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The restrictions placed on commercial fisheries to 
conserve northern sockeye stocks and other 
mandatory restrictions have been part of the state’s 
prescriptive management approach to UCI salmon. 
 
The management plans have been prescriptive and 
theory-based (on flawed assumptions.)   
 
UCI salmon management plans should be adaptive 
and empirically-based.  
 
We now have scientific data and tools to move in that 
direction. 

Cook Inlet Salmon Fishery Management 

2014                            UCIDA 

PC 476
39 of 78



The next seven slides illustrate the UCI Central 
District commercial fishing areas and restricted 
areas currently in regulation. 

Cook Inlet Salmon Fishery Management 
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Upper Cook Inlet Central District Commercial Fishing Area 

   This is the Central 
District of UCI where 
all of the drift fishing 
and most of the 
setnetting occurs. 
   The black lines mark 
the southern and 
northern boundaries of 
the district. 
   The Susitna River is 
about 50 miles north of 
the northern boundary 
of the Central District. 
  The green lines mark 
the transects of the 
North and South 
Offshore Test Boat 
Fisheries. 
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   Area 1 is shown on the 
map in blue and is 
currently in regulation. 
 
  The red shaded area is 
closed to drift gillnetting 
when the drift fleet is 
restricted to Area 1. 
  
   Area 1 was created 
with the assumption that 
northern stocks might be 
more prevalent within the 
closed area at particular 
times.  
 
   There is no method for 
measuring the 
effectiveness of this 
restriction. 

Restricted Area 1 
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Restricted Area 2 

Area 2 is shown on the 
map in blue and is currently 
in regulation. Restricting 
the commercial fishery to 
this area is based on 
assumptions about 
northern bound sockeye.  
 
There is no method for 
measuring the  
effectiveness of this 
restriction. 
 
Studies utilizing genetic 
stock identification have 
found that northern-bound 
sockeye are intermingled 
with other Cook Inlet stocks 
both spatially and 
temporally. 
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Restricted Area 3 

Area 3 was placed in 
regulation 9 years ago to 
provide for coho fishing 
opportunities in August.  

   Area 3 is a coho fishery 
rather than a sockeye 
fishery. It functions for its 
purpose. 
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Restricted Area 4 
Area 4 was placed in 
regulation 9 years ago. It 
was intended to provide 
coho, late sockeye, pink 
and chum fishing 
opportunities in August. 

   The boundaries were 
based on assumptions with 
no method for measuring 
the  effectiveness of this 
restriction. 

 

   The green dot at the 
northeast corner of the 
area is the Kalgin 
Navigation Buoy (the 
“Can”) marking the 
southern tip of a sandbar 
that extends north to Kalgin 
Island and is dry at low 
tide. 
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Restricted Area - Corridor 

   This Corridor is a revision 
of the Corridor that has been 
in regulation since 1982 to 
target Kenai and Kasilof 
sockeye.  
   Genetic testing has shown 
that salmon stocks, including 
northern-bound sockeye, can 
be as intermingled in the 
Corridor as they are in the 
central inlet. 
   The first mile and a half 
offshore in this area is open 
to setnetting only. 
   This Corridor is difficult to 
fish and greatly reduces 
efficiency. 

2014                            UCIDA 

PC 476
46 of 78



Restricted Area - Expanded Corridor 
   This Expanded Corridor 
was put into regulation 3 
years ago. It has been 
used in place of regular 
Monday and Thursday 
Central District or Area 1 
fishing periods. 
   It was based on 
assumptions about the 
movement of northern 
stocks.  
   In 2011 the percentage 
of Susitna sockeye 
caught in this Corridor 
was slightly higher than 
the percentage caught 
during inlet-wide 
openings.  
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Setnet Areas 

   Setnet Areas have been 
in use and regulation for 
over 75 years.  
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There is no evidence that the fishing restrictions used in the 
Central District work to conserve northern stocks. 
 
What we have learned from the use of mandatory restrictions 
is that they prevent fishery managers from reacting to real-
time information during the season and they interfere with 
their ability to manage the whole fishery. 
 
The results of restrictions have been compressed harvests 
and escapements and over-escapements. Compressed 
escapements and over-escapements both contribute to 
adverse density effects.  
 
Compressed harvests undermine the ability of all users to 
harvest salmon and significantly reduce the quality of the 
processed product. 
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The science-based tools and data sets that are available to 
manage the fishery include: 

 
• Commercial harvest in real-time 

• Commercial catch records 

• Escapement counters 

• Genetic stock identification 

• Off-shore Test Boat fishing 

 
 

Cook Inlet Salmon Fishery Management 
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Upper Cook Inlet Offshore Test Boat Fishery 

Data is now available from two test boats to track how, when 
and what salmon are moving through Cook Inlet. 

The program is designed to estimate the number of sockeye 
salmon that enter the district per index point or “CPUE.”  

Chartered gillnet vessels fish in predetermined locations for 
a specific time period. These stations are fished every day 
starting July 1 for about a month. Time, air and water 
temperature, wind direction and speed, turbidity and salinity 
are all recorded. 

An ADF&G technician on board selects sockeye and coho 
salmon for measurement and genetic sampling. The genetic 
samples are sent to the ADF&G laboratory for testing. 

A numeric index based on the number of salmon caught is 
generated for all species to estimate run strength. 
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Upper Cook Inlet Offshore Test Fish Project 

The 2 green lines show 
the locations of the 
Offshore Test Fishery  
 
North Boat - Kasilof Line 

 

Fishes 7 locations 
on a transect line 
that runs just north 
of Kalgin Island 
 

South Boat - Anchor 
Point Line 
 

Fishes 6 locations 
on a transect line 
that runs between 
Anchor Point and 
the Red River Delta 
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What do the test boats tell us? 

Salmon can move very quickly through Cook Inlet. 

Northern stocks are intermingled with other stocks both 
temporally and spatially. 

Many variables including wind, tide and water temperatures 
all affect the entry patterns. 

Kenai River stocks often move toward the river in large 
groups. 

There is a high level of variability in migration patterns from 
year to year. 
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   In 2011 ADF&G used 
only the South Test Boat.  
   The numbers in the 
second column (”Index”) 
are mathematically derived 
to reflect sockeye passage.  
   The spike in the index on 
July 10 indicates a large 
movement of sockeye into 
the Central District. 
   Seven days later those 
fish had moved 40 miles up 
Cook Inlet and 19 miles up 
the Kenai River. 

 

2011 Test Boat Index and Kenai Escapement 
Date South Test Boat Kenai River Mile 19 Kenai River Mile 19

Index Daily Sonar Count Sonar Count Total

7/1/2011 18 2,256 2,256

7/2/2011 62 4,260 6,516

7/3/2011 57 3,084 9,600

7/4/2011 13 2,244 11,844

7/5/2011 19 4,272 16,116

7/6/2011 13 4,647 20,763

7/7/2011 4 5,302 26,065

7/8/2011 7 4,737 30,802

7/9/2011 34 6,522 37,324

7/10/2011 257 6,846 44,170

7/11/2011 158 3,510 47,680

7/12/2011 172 3,102 50,782

7/13/2011 312 3,822 54,604

7/14/2011 243 6,400 61,004

7/15/2011 378 2,916 63,920

7/16/2011 291 27,826 91,746

7/17/2011 131 230,643 322,389

7/18/2011 109 177,053 499,442

7/19/2011 36 87,978 587,420

7/20/2011 135 113,178 700,598

7/21/2011 54 90,426 791,024

7/22/2011 263 37,974 828,998

7/23/2011 162 106,313 935,311

7/24/2011 153 110,772 1,046,083

7/25/2011 121 79,518 1,125,601

7/26/2011 138 77,982 1,203,583

7/27/2011 29 73,092 1,276,675

7/28/2011 138 55,470 1,332,145
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Date South Test Boat North Test Boat Kenai River Mile 19 Kenai River Mile 19

Index Index Sonar Daily Count Sonar Total Count

7/1/2012 66 23 3,970 3,970

7/2/2012 25 5 8,970 12,940

7/3/2012 45 11 7,067 20,007

7/4/2012 49 7 5,514 25,521

7/5/2012 64 10 4,913 30,434

7/6/2012 58 7 3,426 33,860

7/7/2012 70 10 3,648 37,508

7/8/2012 62 8 5,466 42,974

7/9/2012 11 7 6,470 49,444

7/10/2012 53 24 6,774 56,218

7/11/2012 151 15 12,054 68,272

7/12/2012 181 84 9,726 77,998

7/13/2012 127 431 10,548 88,546

7/14/2012 136 381 20,214 108,760

7/15/2012 67 109 119,274 228,034

7/16/2012 16 285 196,356 424,390

7/17/2012 196 284 72,726 497,116

7/18/2012 84 273 31,606 528,722

7/19/2012 137 240 28,722 557,444

7/20/2012 217 217 40,230 597,674

7/21/2012 91 278 97,914 695,588

7/22/2012 43 258 110,898 806,486

7/23/2012 15 142 88,255 894,741

7/24/2012 5 168 51,222 945,963

7/25/2012 3 126 61,420 1,007,383

7/26/2012 7 106 61,812 1,069,195

7/27/2012 47 49 65,250 1,134,445

7/28/2012 15 57 63,438 1,197,883

2012 Test Boat Index and Kenai Escapement 

 In 2012 ADF&G used 
the South and North 
Test Boats.  
   The highlighted cells 
show the rapid 
movement of sockeye 
salmon up Cook Inlet 
and 19 miles up the 
Kenai River. 
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    In 2013 the South Test 
Boat did not detect a 
large movement of 
sockeye into the Central 
District. 
   On July 14 the North 
Test Boat detected a 
very large body of fish. 
   Within 24 hours those 
fish were starting to 
show at the Kenai sonar 
counter 19 miles up the 
river.  
    

Date South Test Boat North Test Boat Kenai River Mile 19 Kenai River Mile 19

Index Index Sonar Daily Count Sonar Total Count

7/1/2013 47 1 7,530 7,530

7/2/2013 46 4 4,380 11,910

7/3/2013 73 24 4,164 16,074

7/4/2013 60 13 10,655 26,729

7/5/2013 93 6 11,454 38,183

7/6/2013 49 4 4,915 43,098

7/7/2013 101 6 3,508 46,606

7/8/2013 6 39 3,514 50,120

7/9/2013 105 52 6,814 56,934

7/10/2013 11 32 18,270 75,204

7/11/2013 113 107 33,702 108,906

7/12/2013 88 3 10,086 118,992

7/13/2013 17 49 9,090 128,082

7/14/2013 No Data 632 24,520 152,602

7/15/2013 18 807 93,151 245,753

7/16/2013 183 217 247,084 492,837

7/17/2013 No Data 162 215,636 708,473

7/18/2013 No Data 116 117,785 826,258

7/19/2013 No Data 51 92,771 919,029

7/20/2013 20 93 81,281 1,000,310

7/21/2013 12 12 38,302 1,038,612

7/22/2013 64 15 24,900 1,063,512

7/23/2013 14 16 29,796 1,093,308

7/24/2013 108 18 17,993 1,111,301

7/25/2013 42 48 13,542 1,124,843

7/26/2013 6 15 21,954 1,146,797

7/27/2013 21 20 29,100 1,175,897

7/28/2013 5 13 28,039 1,203,936

2013 Test Boat Index and Kenai Escapement 
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Adaptive management is essential in order to respond 
to this rapid movement of salmon. 
 
Managers should be able to open fisheries with as 
little as one hour notice, regardless of any pre-
determined restrictions to time or area. 
 
Timely responses utilizing both the drift and setnet 
fleets to observed fish movements can prevent 
compression of escapement timing.  
 
Historical observation has shown that commercial 
fishing activity disperses large schools of fish, slowing 
their migration to the river.  

Utilizing Migration Patterns and Run Timing 
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General Sockeye Patterns 2011 & 2013 

This map depicts movements of 
sockeye through the Central 
District in 2011 and 2013. Major 
fish movements are shown with 
the blue arrows, minor 
movements in other colors. 
   The arrow segments represent 
approximate half-day, or 12 
hour, movements in the direction 
of the arrow. Dates, where 
known, are placed appropriately. 
   Both years had similar 
patterns with east and west 
components. 2011 had a steady 
east side pattern throughout the 
season. In 2013 there was an 
east side movement, but only 
during the early part of July. 
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General Sockeye Patterns 2012 

In 2012 almost the entire fish 
movement pattern was 
concentrated in the center of 
the inlet.  
   As seen in the previous 
slide, some salmon moved 
into the Northern District 
before heading back south. 
This is a typical pattern. 
Kenai and Kasilof sockeye 
can exceed 50% of the stock 
composition of the Northern 
District setnet harvest. 
   It is also typical for those 
fish to move close to shore 
along Salamatof Beach on 
their way back south. 
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General Sockeye Patterns 2011, 2012, 2013 and Restricted Area 1 

As this map indicates, all 
northward movements of 
sockeye pass through Area 1.  

   They generally spend 2 to 2.5 
days in Area 1. 
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General Sockeye Patterns 2011, 2012, 2013 and Restricted Area 2  

This map shows that 
sockeyes may be in Area 2 
for only 12-24 hours before 
moving out of the area. 

   If Area 2 is intended to be 
used for harvesting fish 
detected at the North Test 
Boat line, then Emergency 
Openings with 1-2 hour 
notices should be utilized. 
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General Sockeye Patterns 2011, 2012, 2013 and Corridors 

Sockeye spend a day or less 
moving through both Corridors. 

Genetic testing has shown that 
salmon stocks, including 
northern-bound sockeye, are 
as intermingled in the Corridor 
as they are in the central inlet. 
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This salmon movement information can be used to spread the 
harvest and the escapement throughout the run. 

 
It is ADF&G policy to spread the escapement throughout the run. 

Compressed run timing and escapement decreases biological diversity. 
Diversity adds to a stock’s resilience 

Diversity decreases the risk of a local catastrophic event that could 
jeopardize an entire stock.  

Spreading escapement reduces potential for adverse density 
dependent effects. 

High densities of salmon passing through the sonar beam leads to 
undercounting of escapement. 

All user groups benefit as harvest opportunity is spread out over time. 

 
 

*   

Utilizing Migration Patterns and Run Timing 
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The restrictions placed on the drift fleet to conserve northern 
sockeye stocks and other mandatory restrictions such as 
setnet fishing “windows” have been part of the state’s 
prescriptive management approach to UCI salmon.  

These restrictions have prevented fishery managers from 
responding appropriately to real-time information during the 
season. 

In 2012, from July 15 through 23, at least 785,981 sockeye 
entered the Kenai River. This was 50% of the total 
escapement (1,581,555) in just 9 days. 

In 2013, from July 15 through 20, at least 844,462 sockeye 
entered the Kenai River. Over 62 % of the total escapement 
(1,354,554) in just  6 days. Possibly the most compressed 
run in Cook Inlet history. 

 
*   

Current UCI management amplifies compressed run 
and escapement timing. 
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Compressed harvests result from compressed runs. 

In recent years Cook Inlet seafood processors have been 
forced to purchase 25% of their entire season’s sockeye 
pack in one day. 

Compressed harvests lead to significant decreases in the 
quality and value of fish harvested. Harvesters don’t have 
the time to chill and handle the fish carefully. Seafood plants 
get plugged and can’t process the fish in a timely manner. In 
response, the seafood companies often have to put the 
harvesters on limits, with economic losses for all. 

The additional consequence is that the harvestable surplus 
of salmon at that point cannot be effectively harvested, 
resulting in over-escapements into the rivers. 

Premium quality fish destined for a fresh market are worth 2 
to 3 times more than a lesser quality frozen product. 

*   

Current UCI management amplifies compressed harvest  
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The management that has evolved for UCI over the past 
decades was largely based on a set of assumptions that we now 
realize were incorrect.  

Scientific data from genetic stock identification, Test Boat fishing 
and the recognition that Susitna sockeye escapements had been 
grossly undercounted since 1982 have contradicted those 
previous assumptions.  

Scientific data can now inform an empirically-based 
management plan. Any fishing restrictions should be scientifically 
justifiable, have set goals and measurable objectives. 

UCI salmon management plans need to be adaptive rather than 
prescriptive so that fishery managers can respond appropriately 
to real-time run information.  

 

Conclusions 
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A king without a crown: Chinook vulnerable to 
ocean forces 
By Abby Lowell, Morris News Service-Alaska/Juneau Empire 
Share on facebookShare on twitterShare on stumbleuponShare on favoritesMore Sharing Services2 
 
Published: 2013.12.24 03:00 PM 
 

Joe Edwards of Houston, Texas, watches as his king salmon weights in at 16.2 pounds at the Douglas 
Harbor for the Golden North Salmon Derby in August of 2011. Scientists with the National Oceanic and 
Atmospheric Administration in Juneau said the 28-inch size limit for chinook salmon, while intended as 
a conservation measure, may be removing fast-growing fish from the population over time. 

Photo/Michael Penn/Juneau Empire 

Editor’s note: This is the ninth in the Morris Communications series “The case for conserving the Kenai 
king salmon.” 

Alaska’s long-lived monarch — the king salmon — has fallen from its throne. 

The species, which once thrived as a fabled ruler in state waters, was sought-after by fisherman from all 
over the world. Their massive presence in rivers like the Kenai, the Yukon and the Taku, to name only a 
few, brought sport and commercial fisherman to banks and river mouths for a chance to harvest this 
mighty resource. 

The largest known king — weighing in at 126.5 pounds — was caught in a fish trap off Prince of Wales 
Island in Southeast Alaska in 1938. 

Today, fish of that caliber are seemingly nonexistent. Alaska has seen unprecedented declines in recent 
years resulting in declarations of economic disasters in some regions, or simply empty freezers in others. 
Researchers, management officials, commercial fisherman, subsistence users and sport fisherman are 
coming to the same conclusion — the fish are fewer and the sizes smaller. 

That’s why scientists like Joe Orsi and Jim Murphy, both fisheries research biologists with the National 
Oceanic and Atmospheric Administration, are digging deeper into decades of research to put forth 
evidence and findings that may lead to a solution or at least a clue to the cause of the startling downward 
trend. 

Orsi has studied chinook salmon, Oncorhynchus tshawytscha, for nearly his entire career. As part of 
NOAA’s Ecosystem Monitoring and Assessment Program he has helped to gather data for the Southeast 
Alaska Coastal Monitoring project, which aims to understand and examine ocean conditions and the 
factors that affect king salmon. He and his team have collected and sampled juvenile salmon, as well as 
any data they may be packing, migrating through Southeast Alaska waters since 1997. 

He said the first step to understanding what factors and forces may be affecting the chinook is to take a 
look at the ecological niche they occupy. 
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“chinook salmon are different from the other salmon species,” he said. “For instance, they tend to prefer 
colder, deeper waters than the other four salmon species, and they’re more long-lived. So that takes 
them to different parts of the ocean.” 

Kings are also primarily fish-eaters, while the other four species of salmon feed on invertebrates. Like 
the coho, for instance, which migrates far into the Gulf of Alaska to prey on squid. 

Second, it’s important to understand the lifecycle and migration trends of this species, Orsi said. 

Scientists speculate that king salmon migrate great distances during their time in the ocean, though the 
exact patterns of migration are still largely a mystery. Historically, before the construction of dams on 
the Columbia and Snake rivers in the Pacific Northwest, kings from those systems would be caught in 
Southeast Alaska waters. In an article published this spring, Orsi references “one exceptional chinook 
salmon stock harvested in this fishery, the Columbia River ‘summer hogs,’” which he said was a 
summer run fish that returned to the Columbia at an average weight of 30 pounds. 

Researchers do know, however, that chinook typically move northward and westward in the ocean with 
respect to their stream of origin. So a juvenile king salmon leaving the Kenai River, for instance, would 
likely spend a portion of its time in Cook Inlet, before later moving westward down the Alaska 
Peninsula. They also know king salmon hang closer to coastlines than other species.  

But when it comes to digesting the impacts affecting the productivity of king salmon in Alaska, both 
Orsi and Murphy said it’s tough, to say the least. Many of the impacts affecting king salmon in the state 
are unique to particular stocks; each group will migrate in a different pattern during their five-year 
tenure in salt water. 

Hence, each king salmon, as it follows its unique migration pattern, will encounter different influences, 
different factors and hurdles, and to varying degrees. And stocks that migrate in the Bering Sea, for 
instance, do not show up in Southeast. And those that originate in Cook Inlet aren’t caught off the coast 
of the Panhandle. Both researchers said it’s unlikely the movements of the juveniles in each of the areas 
interact much over the course of their lives. Furthermore, there’s just not a good way to accurately 
monitor the timing and pattern of how each stock moves. Orsi said they know what research needs to be 
done, they just don’t have access to the proper technology to do so. 

Take sharks in Hawaii, for instance. This year, researchers have been able to fit sharks with satellite 
tracking devices to monitor their movements and real-time updates are available regularly. But when it 
comes to king salmon, Orsi said even the big size of the species isn’t large enough to support the size of 
today’s satellite devices. However, such a technological development may be on the horizon, he said, 
providing opportunities for scientists to monitor exactly where Alaska’s king salmon are swimming. 

“Once we know where they are going and when, we can better identify the interactions they face and 
subsequently provide better recommendations for management tools,” Orsi said. 

Murphy, a researcher who has studied Southeast stocks, but has more recently focused on Bering Sea 
kings, said the species doesn’t live up to its mighty moniker. 

“Kings are very fragile, the most timid fish in the river,” he said. “Chums, for instance, will just barrel 
through … even a tiny shadow will cause the kings to scatter.” 
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Physically, Murphy said the kings are also not as stout as they seem. 

“We catch these fish in trawls,” he said. “They’re beat up, so they lose a lot of scales. The coho we catch 
are tanks — they’re just tough. All the kings are just … dead.” 

Yet the chinook have evolved with resilience to colder waters, Orsi said. 

“In the winter time, they can go to areas that other salmon can’t go to because they can tolerate the 
colder temperatures,” he said. 

That’s also why they like to swim deep in the ocean column, and where commercial and sport fisherman 
have learned to target the species with downriggers that take herring-baited hooks down to where the 
juveniles are feeding. 

Encounter rates 

“Most recently, there’s been more use of downriggers than ever and more targeting of immatures that 
are revolving around through fisheries,” Orsi said. “And as a result, the encounter rates are increasing.” 

In other words, fisherman and king salmon have been interacting more and more over the course of the 
five years they spend maturing in the ocean. And more interactions mean more potential for mortality. 

Officials have also set a size limit of 28 inches on the king salmon in Alaska, meaning only fish that size 
or larger may be harvested. 

Orsi said the harvest size requirement is another factor that could be contributing to population declines 
throughout the state. 

“What that does is it tries to ensure that the fish basically live three ocean winters before they are 
harvested in the spring, so a three-ocean fish in May is probably always 28 inches or larger, which I 
think is a good assumption,” Orsi said. “But the flipside of it is, the really fast-growing two-ocean fish 
will grow into that size limit in the fall.” 

Those fast-growing fish are being culled from the population, which over time removes from the 
existing population the genetic predisposition to grow king-sized quickly. 

In order to retain the characteristics most valued in king salmon — the large size, for instance — it’s not 
in the best interest of fisherman to harvest fish that most readily show those characteristics, Orsi said. 
Instead, he and others have suggested that current management techniques — specifically the size limit 
of 28 inches — are set up to fail over long periods of time. We may be starting to see the effects of 
harvesting the largest and fastest-growing fish, he said. 

“If they’re genetically predisposed to grow fast, that’s why they’re reaching legal size in two-ocean 
winters and we’re taking those out of the population continually and you add a few decades on there and 
pretty soon, fish start getting smaller,” Orsi said. “That’s one of those concepts examining how the 
increased fishing effort using size limits is having on productivity, because we may be having the same 
size fish coming back, and their fecundity — the amount of eggs they have in their skeins — is lower, 
too, because the females are smaller size.” 

PC 476
70 of 78



Fewer eggs being laid by smaller females have effects that go beyond the obvious. Not only can they not 
produce as many eggs as their larger counterparts, but they also cannot swim up the strongest of currents 
or carve out redds, or spawning nests, quite as deeply. 

Hence, the eggs that do get deposited may be further downstream, in areas that might be more congested 
and that means increased competition. Furthermore, it’s likely the eggs from smaller females will be 
deposited in shallower redds, ultimately lessening their chance at survival, Orsi said. 

Back on the water open water, commercial fisheries have expanded and developed over the decades in 
Alaska. For example, there’s now a chum salmon troll fishery in Southeast’s Icy Strait that targets adult 
returning chums. 

“Well there are also immature chinook out there, too,” Orsi said. “They’re being handled and released 
… and there is increased charter fishing everywhere. You have to ask the question: What’s the mortality 
of those fish that were handled?” 

Orsi and his team launched a series of studies to determine just that. Essentially, the team observed 
commercial troll-caught-and-released king salmon in marine net pens after their release.   

“When they release a fish, they bring it up out of the water and they grab it with the crook of the gaff, 
and they shake it off, so there’s one hook point into it, and the fish is rolled out — they’re pretty good 
sized hooks, too — and what we had them do is roll them out into a tub, and we assessed the injury 
location at the time of shaking, and then the fish were run out to net pens where they were tagged and 
transferred into the net pens and then they were observed for three days.” 

After that time the fish were released en masse … the ones that could, anyway. Orsi said the dead ones 
were tallied, as were the dead on arrival, and the team came up with mortality estimates for that fishery. 
They found 20 percent of legal-sized fish died after being released, as did 25 percent of sub-legal fish. 

The larger fish — those of legal size — had a higher likelihood of surviving a commercial fishing 
encounter. In this case, an encounter with a trolling boat. But those of sublegal size — 28 inches or 
smaller — were less likely to survive, based on Orsi’s findings. He said it comes down the location of 
key features on the fish, such as the eye and the gill arches, which may or may not come in contact with 
a gaff or fishing hook. 

A smaller fish has features that are closer together and a “frisky” attitude that raises the potential for 
injury. He found a king may swim away just fine immediately after being released, but within three days 
that fish may die anyway from injuries sustained while being caught, or face predation due to being 
impaired from the interaction. 

“That’s a one-time hook and release,” Orsi said. 

Just one. Over the course of a king salmon’s time in the ocean, this type of interaction has the potential 
to could occur hundreds, if not thousands of times. 

“When we do studies in Icy Strait, we see injury locations on fish that have been released. We know that 
it’s happening. Then you look at the sport and charter fisheries. Many of those fish get handled by a net, 
which is not good for fish that are immature and have real deciduous scales; they flake off easily. If you 
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use a knotted dip net on a fish and you peel of 20 to 30 percent of the scales, chances are its probably 
going to die,” he said. 

The importance of scales on a fish is paramount — it serves to not only protect the fish from bacteria 
and parasites, but it also goes a step farther — it supports proper osmoregulation, which regulates the 
proper salt balance in their bodies. 

An improper balance “will stress them out the make them more vulnerable to predation,” Orsi said. 

Inexperienced fishermen  

When it comes to catch-and-release, commercial fisherman are quite adept at the process — they have to 
be. But sport fisherman may not have the process down pat. 

“Imagine someone picking a fish out of the water — with two hooks in it — off a herring, it’s wiggling 
around in a dip net, it’s pulled in the boat, bouncing around, get it back, measuring it to see if it’s legal, 
get it back over the boat (for release) … I suspect the mortality on fish that encounter those situations is 
higher than what we saw on troll-caught fish,” he said. 

Also consider the predation factor, too, Orsi said. “The fish may seemingly swim away just fine, but if 
they have an eye rupture, for example … we don’t see too many one-eyed fish coming back to weirs or 
that you catch on a hook-and-line. They just don’t survive.” 

The most dramatic example of size selection affecting the size of returning king salmon, according to 
Orsi, is the proliferation of salmon derbies in the Southeast region and around the state. 

Of the historic derbies in Alaska’s panhandle, the Golden North Salmon Derby is perhaps one of the 
most well known. According to an article written in 1989 by Karleen Alstead Grummett titled “The First 
Golden North Salmon Derby,” the initial derby kicked off in the summer of 1947 and was organized by 
the Territorial Sportsmen, in an effort to “establish Juneau as the greatest tourist and sports center in 
Alaska.” The winning prizes, a 1947 Plymouth “Deluxe” automobile and an outboard boat and motor, to 
name a few, went to the participant who turned in the largest king salmon. That year, on Sept. 7, Dick 
Harris was proclaimed the winner with a 38-pound, 4-ounce king salmon. In 2013, the winner of the 
Golden North Salmon Derby turned in a 29.2-pound king, the largest the derby had seen since 2008.  

Orsi said organizers of the Golden North Derby have made efforts to preserve the region’s king salmon 
stocks. 

“Around the 1970s, (the derby) was shifted to occur in August, instead of earlier in the year, because of 
conservation issues,” he said. “The adults were declining in numbers.” 

Today, king salmon derbies are held in nearly every community in Southeast Alaska; two are annually 
held in Juneau. Private lodges, too, will hold chinook salmon derbies for guests. Farther north in Alaska, 
these derbies also continue. Take the Winter King Salmon Tournament in Homer, for example. That 
event has been held annually for 20 years. 

Regardless of where the derbies are held, each event clings to the historic trend of catching and 
awarding fisherman for turning in the biggest fish. 
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“All (the derbies) are selectively pulling the large fish out of the population,” Orsi said. “So, it may not 
seem like it at the time — and I’m guilty of it too — but all these little incremental ticks against the 
population could be catching up with us. I know of folks who will actually sort through fish during 
derbies to keep the biggest one. So, (the participants are) releasing fish because they are not going to win 
them a prize. At the same time, as they release them, they could be imparting mortality.” 

Orsi supports the idea of catch it, keep it, call it good enough. Instead of having a derby based on fish 
weight, he suggested organizers should consider running the event like a lottery, where fish of legal size 
are turned in and a winner is selected at random, like drawing a name out of a hat. 

In short, the idea prevents participants from not only pursuing only the largest fish, but also aims to 
prevent hook-and-release encounters. 

One big mixing pot 

While not much is known about the specific migration patterns, scientists do believe the stocks mix to 
some degree. Hence, similar factors could be affecting both Kenai River and Southeast Alaska stocks. 

“These factors would be the ocean conditions or distant coastal fisheries where both stocks might be 
present, such as areas off Kodiak and in the western Gulf of Alaska,” he said. 

When it comes to fisheries in Alaska, fishing pressure is consistently put “on two-, three-, four-, five-
ocean fish all at once,” he said. 

 “It’s not like it’s a returning stream (of king salmon) coming back,” he said. “So you have multiple age 
classes that are being affected.” 

In other words, current commercial and sport fishing practices aimed at ocean swimming chinook are 
not effectively targeting only the most mature fish, which would be ideal to ensure that younger kings 
have a chance to fully develop. Whether it’s the trollers or trawlers, the gear is being set deep enough to 
reach juvenile king salmon of varying age. As the fishing pressure increases from each user group, so 
does the potential for encounters and subsequently the potential for increased mortality. 

Meanwhile, farther north 

While researchers may not know the exact forces and factors contributing to the decline in both 
abundance and size of Alaska’s king salmon, one this is for sure: The stocks that swim in the Gulf of 
Alaska and those that swim in the Bering Sea don’t face exactly the same challenges. 

“It depends on the stock group and the factors they get exposed to,” Orsi said. 

His counterpart at NOAA, Jim Murphy, has spent more than a decade studying the kings that swim the 
waters of the Bering Sea. From his perspective, Murphy sees the chinook salmon as one quite unlike any 
others — the mighty king is actually quite fragile. 

“chinook salmon are an entirely different beast than the other salmon,” he said. “They like their protein 
(and therefore) are piscivorous, meaning they feed on fish, much more so than other species. Even the 
small chinook, they feed on fish prey very early in their life. In Southeast they’ll feed on invertebrate 
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prey and fish prey, when available. In the northern Bering, there’s not a lot of invertebrate prey. 
(Instead) they’re feeding on the larval fish. That holds true for most of their life.” 

Murphy said it’s this protein-rich diet, which mostly consists of a small, oil-rich fish called a capelin that 
may be contributing to their decline. More specifically it’s a little enzyme found in high concentrations 
in the capelin that may be causing a vitamin deficiency in king salmon. 

The enzyme is called thiaminase and it effectively breaks down thiamine — vitamin B1 — rendering it 
impossible to be absorbed by the body. But, as Murphy explained, thiamine is vital. 

“It’s what’s used in the Krebs cycle, a basic biochemical dependency that all animals have,” he said. 

Vitamin deficiencies are rare in wild populations due to the variety of foods consumed. Yet Murphy said 
these types of deficiencies have been well studied and documented in the Great Lakes, and researchers 
have been able to link population crashes of Great Lakes salmon to a deficiency in thiamine. Similar 
shortages crop up in groups of animals kept in captivity, as well. 

“In the embryonic development stage is when it’s most vital,” he said. “In some cases it causes complete 
mortality. In other cases (the fry) would have impaired vision, or an immune system that is 
compromised — all of which would arise from thiamine deficiencies in the eggs.” 

All nutrients for a healthy egg and embryo come from the female, Murphy said. When he and his team 
examined thiamine tallies in king salmon eggs, they found average levels showed evidence of some 
deficiency. 

He and his team have also studied the diets of juvenile chinook in the northern Bering Sea and found 70 
percent of their diet consists of capelin. 

“That hasn’t always been the case,” he said. “But it is true they are very dependant on fish. Hence, they 
always run the risk of becoming deficient.” 

Yet in the early 2000s, research indicated there was no deficiency, Murphy said. 

“That’s important; the 2001 brood run on the Yukon River was reasonable — about two recruits per 
spawner,” he said. “Right now, and the way it’s been for the past six to seven years, the returns per 
spawner are just above one. In other words, the fish are barely replacing themselves.” 

At that rate, you cannot harvest, he said. “It’s obvious there is a significant issue with the productivity of 
the Yukon.” 

When it comes to the historic size of kings on the Yukon, most accounts will share the same story — 
they were prolific and huge. But Murphy, like Orsi, points out the long-term and highly effective use of 
gillnets, which have been widely used on the lower Yukon, to harvest the largest fish. Others in the state 
have said the problem was further compounded by the widespread use of drift nets, beginning in the 
1970s, as a likely factor that contributed to the decline in king runs. 

“There’s no doubt (gillnets) had a culling effect by removing the large females and males from the 
population for many years,” Orsi said. “And (the Yukon) stock may have lost that large size component 
because of it.” 
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These days, the 2013 regulations on the lower Yukon River restrict gillnet size to six inches, according 
to the management strategies outlined in the Alaska Department of Fish and Game Yukon River Salmon 
Fisheries Outlook, which is a reduction from years past. 

“But if you think about it, the (larger fish are) an ecological legacy, in that they may have gone to areas 
way up the river, in faster water, selected bigger cobble to spawn in that smaller fish just couldn’t 
utilize,” Orsi said. 

He said influences on Yukon stocks such as these — aggressive selective fishing that went on for so 
many years — may have already altered the makeup of the population. 

 Yet Murphy said tightened management of the Yukon River king runs, including blanket fishing 
closures, reduced mesh sizes on nets and the closure of other fisheries, such as the strong chum fishery, 
were all good steps to take toward rebuilding a struggling population. 

But Murphy shares some of the same concerns voiced by Orsi about incidental catches on the river 
leading to increased mortality rates, especially when one factors how many miles those fish have left to 
swim and spawn. 

For years Alaska has had a king salmon management agreement with Canada that outlines how many 
chinook should pass over the border on the Yukon. It’s all about making sure enough salmon reach their 
natal spawning grounds. 

“They’ve not been able to meet the border passage requirements and they haven’t been making them 
consistently over the past few years,” Murphy said. “That has an undesirable effect down the road 
because you’re not allowing spawners.” 

It’s not all dismal, however. Murphy said the effects felt as a result of selective harvest are not 
irreversible and the right management techniques could see a potential reversal of trends within a few 
generations. 

Cooling waters 

Since 2002, Murphy and his team have conducted surface trawl surveys in the Bering Sea to assess, 
along with the Japanese and Russians, the ecology of the area and the abundance of juvenile chinook 
leaving the river. 

A paper published this year, titled “Linking abundance, distribution, and size of juvenile Yukon River 
chinook salmon to survival in the Northern Bering Sea,” authored by Murphy and others, points to the 
fact winter and spring ice in the Bering Sea had not declined. Instead, the authors found the opposite to 
be true; the extent of winter and spring sea ice had actually increased in recent years. 

In other words the Bering Sea has cooled. 

Juvenile king salmon primarily use marine habitat on the eastern Bering Sea shelf, according to Murphy, 
to feed. But colder water means sea ice is forming a bit sooner and staying a bit longer, subsequently 
forcing young kings to either limit their migrations or forage in fewer places — or both. Traditionally, 
according to Murphy their conventional forage habitat is in the northern Bering Sea. 
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“Sea ice begins to form in coastal habitats utilized by juvenile chinook in early November and the entire 
northern shelf is ice covered by early January,” Murphy wrote. 

Those that do migrate too far north, or accidentally get trapped by the ice, are facing death due to the 
freezing water temperatures. But since king salmon stocks in the Bering Sea feed primarily on capelin, 
which grazes on plankton hanging near the edge of the ice shelf, it makes sense the young salmon would 
also swim nearby. 

The paper also indicates the cooling of the Bering Sea is altering the migration range of juvenile 
chinook. A graph showing distribution patterns from surface trawl surveys on the eastern Bering Sea 
Shelf from 2002-2007, a time when the sea was warmer, show strong distributions of fish stretching 
from Bristol Bay to north of the Bering Strait. Yet the same surveys done from 2009-2011, at a time 
when sea water temperatures were lower, show limited distributions of fish and at lower concentrations. 
This time, juvenile kings ranged from roughly Nunivak Island in the south to Point Spencer in the north. 

In addition, Murphy and his team found a high mortality rate for juvenile king salmon. Murphy also 
found juvenile abundance and size were lower in colder years. 

“If the juvenile numbers are tracking with the numbers of adults coming back, it can provide an 
indicator for management,” Murphy said. “It helps to identify when and where are the critical periods. Is 
it happening in freshwater? Or is it tied to something that is happening offshore?” 

Another one of his main areas of concern are the Asian hatcheries, which use the Bering Sea as a 
summer rearing area for hatchery chum salmon. 

With surveys, Murphy said he’s been able to show the number of juveniles can provide an indicator for 
adults down the road — “it’s correlated with the adult return,” he said. “Which implies whatever factors 
are impacting them, are happening prior to their first year at sea.” 

What he’s not sure of, he said, is whether it’s happening in the river or in the estuaries. 

Bycatch  

For many years, bycatch has been to blame, or so it seems, for the production decline of king salmon in 
Alaska. In response, fisheries managers have implemented monitoring plans, sampling guidelines and 
catch caps to help regulate incidental catch of chinook in fisheries such as pollock in the Gulf of Alaska, 
and chum salmon in the Bering Sea by trawlers. 

According to ADF&G Commissioner Cora Campbell, there have been solid improvements to the 
methods for collecting chinook salmon bycatch samples in the Gulf of Alaska. 

“The 2014 observer plan changes the methods for collecting chinook salmon samples in the GOA to 
improve the representativeness of the samples and increase the number of samples,” she said. “For 
vessels with less than 100 percent coverage, (the National Marine Fisheries Service) will sample 
chinook salmon from randomly selected observed trips for both pollock and non-pollock trawl vessels. 
NMFS will not rely on dockside observers for genetic sampling and will instead put all resources toward 
at-sea coverage, which should result in a considerable increase in the number of genetic samples 
obtained.” 
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She said they expect to generate more than three times the number of samples. 

Indeed, the sampling of bycatch done by observers does reap valuable information, such as the DNA 
samples referenced by Campbell that could help scientists understand what stocks are being incidentally 
harvested. 

Yet of the recent papers penned by longtime researchers such as Orsi, few mention bycatch directly as a 
factor in the decline of king salmon production in Alaska. 

According to Orsi, there’s not quite enough being done with the samples being gathered from king 
salmon bycatch. In a letter he penned to the 2012 chinook Salmon Symposium organizers Eric Volk and 
Robert Clark, he pointed out one hurdle in particular: “Scales are sampled in the bycatch from federal 
fisheries, but there is presently no project to digitize or read them.” Digging into this information would 
reveal, he said, if compounding fishing effects occur regularly in particular ocean stocks of kings and in 
particular age groups, such as juveniles. 

“It is conceivable that the same brood year of a given chinook salmon stock from Cook Inlet is 
encountered and harvested at ‘low’ levels in the bycatch of both the (Bering Sea) and (Gulf of Alaska) 
trawl fisheries over successive ocean years,” he said, “thus having a compounding effect on the stock’s 
overall productivity.” 

His point circles back to the issue of size limit and underscores the importance of identifying where 
exactly certain stocks of kings migrate in Alaska waters and when. 

Fukushima 

Since 2011, when a large-scale earthquake off the coast of Japan sent a tsunami of devastating 
proportions careening into the country’s coastline, the Fukushima Dai-ichi Nuclear Power Plant has 
been leaking nuclear waste into the Pacific Ocean. Current reports from news outlets around the world 
have said leakage continues today, with some indicating the waste is as prolific as ever. 

In August of 2013, the Juneau Empire penned an editorial that took a surface look at what may be 
happening in the Pacific surrounding to the flow of currents and the migration patterns of marine life. In 
short, they urged officials, as well as state and federal agencies “to be proactive about conducting 
research and monitoring our salmon species.” 

When asked about the potential impact Fukushima may be having on king salmon stocks in the Gulf of 
Alaska and elsewhere in the state, Orsi would not comment. 

“I’ve been told to refer you to the (Environmental Protection Agency),” he said, “Because I’m not an 
expert on the topic.” 

Calls and emails to the EPA were not returned and digging on the federal agency’s site revealed no 
current information on radiation from the Fukushima disaster; the last posted monitoring results 
occurred in June of 2011. In a report issued by the EPA after the disaster, the agency stated the 
“Japanese sand lance is only fish that exceeded radiation standards — does not migrate … Migratory 
patterns of North American Pacific salmon most commonly do not reach the coastal or offshore waters 
of Japan … The majority of Alaska salmon spend most of their ocean residence in the Gulf of Alaska.” 
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In a September 2013 update from the Food and Drug Administration, the FDA stated it “has no evidence 
that radionuclides from the Fukushima incident are present in the U.S. food supply at levels that would 
pose a public health concern. This is true for both FDA-regulated food products imported from Japan 
and U.S. domestic food products, including seafood caught off the coast of the United States.” 

The notice went on to state the FDA is not advising consumers to alter their consumption of particular 
foods “imported from Japan … including seafood.” 

So while it appears seafood is safe to eat, it remains unclear if there are factors negatively and 
specifically affecting Alaska’s king salmon production.   

In an Oct. 24 article the New York Times reported emissions from the damaged plant are such that 
oceanographer Michio Aoyama believes "radioactive cesium 137 may now be leaking into the Pacific at 
a rate of about 30 billion becquerels per day, or about three times as high as last year. He estimates that 
strontium 90 may be entering the Pacific at a similar rate. … scientists suspect that the new releases are 
having measurable effects beyond the harbor.” 

The final word 

Understanding the complex migration and fishery interactions of chinook stocks is foundational to 
unraveling causes of the production decline. Researchers stress the importance of knowing where king 
stocks are swimming in Alaska’s salt water and when is paramount. 

“Stock-specific chinook salmon distributions need to be mapped for all three life history phases,” Orsi 
said. We need to know the “early marine migration of juveniles (in) their first ocean winter, (the) 
seasonal ocean-rearing localities of immatures and (the) return migrations of maturing adults.” 

Next week: The conclusion of our series. 

Abby Lowell can be reached at abby.lowell@juneauempire.com. Comments on this series can also be 
sent to kenaikings@morris.com. 
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