Susitna River Chinook Salmon
Stock-Recruit Analyses


Presenter
Presentation Notes
The title of this presentation is “Susitna River Chinook salmon run reconstruction”. So what does that mean? What is a run reconstruction? Well, what we are referring to is an analysis that uses data from multiple sources to look back through time at characteristics of Susitna River Chinook salmon such as spawning escapement, total run size, stock and age composition, productivity, and several other measures of stock status, and also the spawner – recruit relationship for specific drainage groupings. This presentation will provide a brief overview of the analysis design, the types of data used, and examples of some of the outputs. I realized when preparing this presentation that the word “reconstruction” could be confused with “re-building”, and could lead one to think I was going to talk about re-building Chinook runs. That is not the case! 


Terms for Speaking about Salmon Production

Return = Adult salmon produced from a single brood year
escapement; synonymous with Recruitment

Run = Adult salmon returning to the vicinity of the natal stream in
a calendar year

Escapement = Count of spawners in a year (or index)
Stock = Two or more salmon populations which occur in the

same geographic area and are managed as a unit.
Sustainable Salmon Fisheries Policy 5 AAC 39.222(f)(34)

Yield = Adult salmon produced in excess of escapement from a
single brood year



Understanding Age Structure

Simple model

The “run” in year 5 comes from fish spawned inyears 1, 2 & 3

The “return” from year 5 contributes to years 7, 8 & 9


Presenter
Presentation Notes
This diagram provides a picture of a few of our definitions.  First, the run in a given year (year 5 here) comes from fish spawned in previous years (1, 2 & 3  here).  Second, the return from the spawners in a given year (year 5 again) comes back at several ages spread across mutliple years (7, 8 & 9 here).

As you can see, understanding the return in any given year requires knowledge of some number of years (e.g., 4 years here) in the past and it takes some number of years (e.g., again, 4 additional years) to measure the total production from a given escapement.  Understanding salmon production is a longterm process.  Another aspect of the age-structure of the salmon life history is that interannual variability in productivity is mitigated by the fact that the return is composed of the production from 3 separate years.
  


Theory of Salmon Production

...with a Replacement Line where escapement = production (i.e. no yields).
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Presenter
Presentation Notes
The model starts with a graph that has escapement on the bottom axis and production from that escapement on the left axis.  Note that the scale is the same for both axes; namely adult salmon.  Because the axes are both in adult salmon, we can draw a diagonal line through the graph where production equals escapement.  It is commonly called the replacement line.

The area above the replacement line is where potential sustainable yields can occur since production is greater than escapement in this part of the graph. For example there is potential yield from escapement of 1,000 fish only if the return is greater than 1,000 fish.




Theory of Salmon Production

We can model the interaction of reproductive potential and competition using our data.
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Presenter
Presentation Notes
Yields are realized due to the high reproductive capacity of salmon that serves to increase the production of fish as escapements increase. The rate of reproduction is generally highest at low escapements when competition is lowest.  The rate of reproduction of a salmon stock is also called it’s productivity.

However, there is a limit to this increase due to the productivity of the stock and it occurs due to increased competition among adults and/or rearing juveniles as escapement increases.

We can measure the interaction of these two biological forces with a production model, the dotted curve, that uses our escapement, harvest, and age composition data.


Theory of Salmon Production

...and is associated with a level of escapement that is expected to produce MSY.
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Presenter
Presentation Notes
The model helps to better define the range of potential yields, the area between the replacement line and the model, relative to escapements.

Once we have a model, then we can define the spot on the curve that maximizes the yield, also called MSY. This is where the distance from the replacement line to the production model is maximized. 

And we can find the escapement level that produces MSY or what we call SMSY or spawners at MSY depicted by the green arrow in this graph.  

One additional quantity of the production model is the carrying capacity, where escapement equals production and no yields can occur. In this case, production is around 3,000 fish per year, but all of those fish must escape to keep escapements in this range.  Another way to think of this is the escapement that would occur if we stopped fishing.  



Theory of Salmon Production

A range around the escapement that produces MSY is the theoretical basis of an escapement
goal.
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Presenter
Presentation Notes
From this information we can construct a range around the escapement that produces MSY for our escapement goal shown by the red bars in this graph. Generally, the range is constructed so that escapements in the range will produce the highest percentages, usually 70 to 90% or more, of MSY.  This is the theoretical basis of our escapement goals as defined by the two policies.


Escapement Goal with Full Harvest Information


Presenter
Presentation Notes
Example using data for a SEAK Chinook salmon stock.

>For this stock we have used a spawner-recruitment model to estimate the range of escapements that are likely to maximize the long-term yield (recruits minus spawners; blue arrow).  The escapement goal range is set around the escapement estimated to produce maximum sustained yield (25,000; green arrow).

>From the table on the far right you can see that median yield for escapements within the goal range is 27,000 and and yield decreases to 5,800 when escapements are above the goal range. For escapements below the goal range the median yield is slightly higher, but this is due to the small number of spawners required for replacement; the average return is actually smaller than returns for escapements within the range.
			


Uncertainty and Escapement Goals

Actual production data will look very different from our simple production model ...


Presenter
Presentation Notes
Here we depict the uncertainty around each data point in both dimensions (Production and escapement).  

However, we do factor all of this uncertainty into our model and choice of escapement goal.  Another way to look at the production model is to view it as a collection of plausible production models given the uncertainty in the production data.

This is the last slide for this topic, so at this point, we can entertain questions.


Our simple model works well in the theoretical world, but in reality a single model line through these data doesn’t seem reasonable given the variability in production shown by the brood year numbers on the plot, nor the amount of uncertainty of these assessment data show by the blue bars. This example is Canadian Yukon Chinook salmon.
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Deshka River Stock
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Deshka River Stock

Deshka River Stock Probability Profiles
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Presenter
Presentation Notes
Proposed EG – 9,000 – 18,000. emphasize that this can’t be done with only SAS’s. 


Area of Detail
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Susitna Chinook Productivity
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Susitna Chinook Run Reconstruction and EG
Analysis Summary

 This approach is advantageous for setting escapement
goals because it uses all available data sets to describe
the stock recruit relationship, and stocks are the level we
manage to.

« This analysis has the potential to shape future
management strategies.

 Adetalled report of this analysis is scheduled for
publication in early winter 2020.
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Deshka River Stock

Deshka River Stock Escapement and Inriver Run
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Eastside Susitna Stock

Eastside Susitna Stock Escapement and Inriver Run
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Talkeetna River Stock Probability Profiles
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Presentation Notes
Proposed EG 9,000 – 17,500


Eastside Susitna Stock

Eastside Susitna Stock Probability Profiles
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Presenter
Presentation Notes
Proposed EG 13,000 – 25,000


Yentna River Stock

Yentna River Stock Probability Profiles
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Presentation Notes
Proposed EG 13,000 – 22,000


Yentna River Stock

Yentna River Stock Probability Profiles
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Presentation Notes
Proposed EG 13,000 – 22,000
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