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Class 13



In the news & 
announcements



• WADERS
• Bug Spray
• Water
• Sunscreen

Group 1 will go!
Meet in the parking lot in front of 
Thompson

Lab this week



I know you will be sad, but…

No class or lab 
next week! @ 
Sturgeon & 
Paddlefish Society 
meeting…



WE LEFT OFF DISCUSSING SIZE 
STRUCTURE IN AGE STRUCTURED 
POPULATIONS



MANAGEMENT CASE STUDY
LAKE WASHINGTON CRAPPIE HARVEST



What is the problem?
• 595 anglers sign petition

– Increase length limit to 12”
– Claimed catch rates and size had decreased

• Recreational anglers and subsistence anglers
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2. Length-Weight Relationship
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Caveat emptor- on growth 
overfishing….



RECRUITMENT MANAGEMENT
What is it & how do we do it?



Conceptually
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Adding age structure
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Conceptually
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Bits of information needed

1. Natural Mortality
2. Length-Age
3. Weight-Length
4. Fecundity
5. Maturity
6. Sex ratio



Management  parameters

Fecundity is a function of spawning stock 
abundance or biomass
Minimize recruitment overfishing
- Maintain enough spawning abundance or 

biomass in system
- Reproductive potential

Fishing mortality & Length limit



Management parameters



We do we want to manage 
recruitment?

• Angler satisfaction
– Recruitment drives year to year variability in 

abundance and biomass
– Recruitment drives fish abundance and biomass



0 1 2 3 4 5 6 7

0

100

200

300

Age

Le
ng

th
 (m

m
)

Age-Length

?



0 1 2 3 4 5 6 7

0

100

200

300

Age

Le
ng

th
 (m

m
)

Age-Length

00.3( )430 1 -  ( )age tL e− −⋅=



0 1 2 3 4 5 6 7

0

100

200

300

Age

Le
ng

th
 (m

m
)

Age-Length

00.3( )430 1 -  ( )age tL e− −⋅=



Age-Length

00.3( )430 1 -  ( )age tL e− −⋅=

0 1 2 3 4 5 6 7

0

100

200

300

Age

Le
ng

th
 (m

m
)



Fecundity

Number of eggs an animal produces during each 
reproductive cycle; the potential reproductive 
capacity of an organism or population. Usually 
increases with age and size

http://www.fishbase.org/Glossary/Glossary.php?q=fecundity
&language=english&sc=is
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WOW, That is a lot of potential 
offspring…Too bad the probability of all 
those eggs surviving is very, very low 
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In terms of reproductive potential a 
11in fish is equal to ~2, 9 in Black 
Crappie.



Fecundity & Age
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Relative to a 9 inch MLL
- 10 inch:  ~0.5 extra year to spawn
- 11 inch:  ~1 extra year to spawn 



Fecundity & Age
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This might not make a bit of difference 
in terms of reproductive potential, if I 
become sexually mature at age-2.  Your 
silly length limit won’t protect my 
potential offspring!



Maturity

A stage at which fish are able to develop ripe 
gonads and to participate in spawning.

Length at first maturity
Mean length at which fish of a given population 
develop ripe gonads for the first time.



Determining sexual maturity & ratio

• Link maturity (yes or
no) to length

• Sex ratio
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Yep right about my 
second birthday!



Maturity function & MLL
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Wohoo… I might get 1 additional 
spawn before recruitment to the 

fishery if the MLL is 11 inches!



Abundance
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Not a lot of fish in the sea, If 
you know what I mean, with 
those lower MLLs.  Might be 

harder to find a mate



Complex interactions? You bet!
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Evaluation of recruitment overfishing

• Limited in practice
• Set regulations that are robust to recruitment 

overfishing
– Ratio of spawning biomass to unfished biomass 

(SSR)
– Ratio of spawning potential to unfished potential 

(SPR)



Spawning potential ratio

• Spawning potential:  The number of eggs that 
could be produced by an average recruit over its 
lifetime 

• Ratio:  the fished stock is divided by the number 
of eggs that could be produced by an average 
recruit over its lifetime when the stock is 
unfished. 

• Compares the spawning ability of a stock in the 
fished condition to the stock’s spawning ability in 
the unfished condition. 



Example
• 10 fish survive the first couple of years of life and are now large enough to 

be caught (recruited) in the fishery. 
• Four are caught before they spawn (no eggs produced)
• Three others are caught after they spawn once (some eggs produced), 
• The last three live to spawn three times (many eggs produced) before 

dying of old age. 
• During their lifetime, the 10 fish produced 1 million eggs and the average 

recruit produced 100,000 eggs (1 million divided by 10). 
• Unfished population, 10 fish survive as before. Three die of natural causes 

after spawning (some eggs produced) and the other seven spawn three 
times (very many eggs produced) before dying of old age. 

• During their lifetime, these 10 fish produced 5 million eggs and the 
average recruit produced 500,000 eggs (5 million divided by 10).

• The spawning potential ratio is:  100,000 eggs produced by the average 
fished recruit divided by the 500,000 eggs produced by the average 
unfished recruit and is equal to 0.20 or 20 percent. 



Spawning stock biomass (SSB) & Spawning 
stock biomass per recruit (SSBR)

• Biomass (weight):
– entire adult stock, 
– mature females in the stock, 
– eggs they produce. These measures are called 

Spawning stock biomass (SSB) or spawning stock 
biomass per recruit (SSBR) 



What is the SPR for Crappie?

What is my 
SPR?



Stock specific SPR?

• Studies show that some stocks (depending on 
the species of fish) can maintain themselves if 
the spawning stock biomass per recruit can be 
kept at 20 to 35% (or more) of what it was in 
the unfished stock. 

• Lower values of SPR may lead to severe stock 
declines. 



Conceptually
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SPR-Mature female biomass
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Adding a 6 inch MLL
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Adding a 6 inch MLL
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