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Mixed fishery  – target marked, retain both marked (clipped) and some unmarked 
(unclipped) 



Mixed fishery – target marked, retain both marked (clipped) and some unmarked 
(unclipped) 
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Lets tag some
And we can cut this fin off to know who we put tags in!



Adipose Fin

CWT

Presenter
Presentation Notes
Lets tag some
And hey, we’re not sure what this fin does. Maybe it’s just decoration? If so, they’re going back to the hatchery, so they aren’t going to be using it anyway.
We’ll cut it off to know who we put tags in!
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Because all fish treated the same, 
we assumed..
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Let’s mark 
all hatchery 
fish!

Uh-oh…

Mass 
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So the fin clip came to be, and these were the marked fish, and they had a tag

Then someone said “Hey, let’s mark all hatchery fish so we know they came from the hatchery”
This was the advent of Mass Marking!

And now as before we would visually sample fish for a tag, samplers were confounded. Some many more marked, untagged fish than tagged fish 



Pre MSF* MSF(s) Escapement

Marked

Unmarked

Let’s go fishing, but keep only marked fish...

* Releases, recruits to fishery, NSFs  

Presenter
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Let’s keep only the marked fish, so these other unmarked, non-hatchery fish can go about their business, and fishers can go about theirs. 

But there will be some unmarked fish that will be killed and samplers won’t see them 
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..leaving a hole in the sampling, We don’t see unmarked mortalities, but we know they are there.

AND most samplers are still only sampling marked fish where we can retain unmarked fish (non-selective)

So now…
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If we view an MSF impact as an Information Impact, more understandable. We want to know if there was an impact to the information coming from marked, hatchery fish on ERs. 

Because 2 problems
Not seeing unmarked mortalities in MSFs AND 
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Still have that pesky visual 
sampling problem…
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BUT we still have a problem…

Samplers still using visual sampling, so in NSFs we still might not recover CWTs of hatchery fish. 



• In relation to assumption that MSFs are the only source of 
return differences
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Assumptions allow us to estimate unmarked mortalities, ERs, or say if MSFs had any impact at all on unmarked ERs.



• Relative return rates marked and unmarked fish – pm and pu , 
respectively

• Ratio of unmarked to marked fish  - U/M or λ

Get comfy with both – we will be using them a lot!
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Release mortality rate sometimes called a incidental mortality rate (IM)
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Release Escapement 
(Returns)

Marked

Unmarked



Release

Returns

MarkedUnmarked

pu pm = 0

= 0

1st metric for total impact – Difference the proportion of returns 
out of releases
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& As Mark K. talked yesturday…
1 loose fin – marked
2. Tagged (CWT shoved up nose)
3. Count # unmarked and tagged
4 Count # marked and tagged
5. Ratio of # unmarked to #marked is lambda at release




Pre MSF MSF (S) Escapement

Marked
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Release Escapement

Marked

Unmarked

λREL λESC

If no 
differential 
impact on 
ERs from 

MSFs

λESC

λREL
= λR = 1

• A metric for total impact  AND 
• Quantity to estimate Unmarked fishery mortalities  

=



Not the important part…
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Looked at distribution of lambda R (Table in Section 2)



YES !    DIT can be informative that marked and 
unmarked fish had different ERs …

…Under the following conditions
• Returns of both marked and unmarked groups > 1000 fish

• 33% of marked CWT recoveries occurred in MSFs

This is the important part, and we’ll see it again





ERU = 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝐶𝐶𝐶𝐶 𝐴𝐴𝐴𝐴𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝐶𝐶𝐶𝐶 𝐴𝐴𝐴𝐴𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 + 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝐶𝐶𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

BUT ….   Don’t recover tags from unmarked fish in 
• Visually sampled non-selective fisheries
• Incidental mortalities in MSFs

What’s the information in DIT on stock/cohort specific unseen mortalities?
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Use the information in the ratio of unmarked to marked fish in the DIT pair 
to estimate unmarked mortalities 

< <

?



𝑈𝑈𝑖𝑖𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑀𝑀𝑖𝑖
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SFM – constant for a fishery, so biases can creep in here.



• Assumptions:
• λ is an unbiased estimate of the λ in the MSF

• sfm is known with certainty

• All marked fish are retained (Mark retention error = 0)

• Unmarked fish are not encountered on multiple occasions in the MSF

• All fish in a DIT pair can be adequately represented as a single 
population
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Appropriate for small fisheries or low impact where
Few CWT recoveries – imprecise estimates of MMSF and UMSF
Little or no observable impact on l
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PR esc is max on the ER – so SIT methods should be lower than this. 
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Marked fish – 50% higher for DIT than FRAM (so split)




FRAM DIT

Unmark Retention Error YES NO

Mark Recognition Error YES NO ( = 0) 

Multiple Encounters (for a fish) YES NO



• DIT may inform FRAM estimates of ERs because based on current 
data

• Fisheries may have changed substantially over time
• Highs and lows ERs are not averaged
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This is to step back and discuss DIT program components to ensure that
DIT program informative 
Reasons why we reviewed DIT programs the way we did
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DIT vs FRAM ERs - information from DIT relative to FRAM
	Can DIT information inform FRAM?
Fisheries –types – MSFs vs NSFs. Relative sizes of each. Commercial vs recreational
Sampling – Visual vs ETD. Subject to sub-sampling? 
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Visual Sampling 

Electronic Tag Detection (ETD) 
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