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III. APPLICATION CONSIDERATIONS
(F). The expected benefits of the program (pg. 35)

1. Bioenergetic estimate of expected benefit (pg. 36)

Table 18 (pg. 36)
Table 19 (pg. 39)
Figure 10 (pg. 37)
Appendix 4 (pg. 93)



 Expected benefits estimated by...
 Bioenergetic modeling of daily per capita prey requirements...
 Applied to three management scenarios and two sea lion population 

sizes
 Requirements ≠ consumption

 Presentation outline
 Motivate model with familiar example
 Explain model in detail
 Explain management scenario calculations
 Answer questions

Outline



Where do these number come from?



2000 cal/day
180 cal/filet

=

11.1 filets/day

Calories provide a measure 
of how much energy you get 
from a serving of food.  

100% salmon filet diet:

2500 cal/day
180 cal/filet

=

13.9 filets/day



2000 cal/day
410 cal/filet

=

4.9 filets/day

Requirements also depend on 
energy content of food

2000 cal/day
180 cal/filet

=

11.1 filets/day



Model based on Winship et al. 2002 and Winship and Trites 2003



Gross Energy Requirement (𝐺𝐺𝐺𝐺𝐺𝐺) =
𝑃𝑃 + (𝐴𝐴𝑗𝑗 × 𝐵𝐵𝐵𝐵𝑗𝑗)

𝐸𝐸𝑢𝑢 × ∑𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖 × 𝐸𝐸𝑓𝑓𝑖𝑖 × 𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖

𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖[𝑘𝑘𝑘𝑘 𝑑𝑑−1] =
𝐺𝐺𝐺𝐺𝐺𝐺[𝑘𝑘𝑘𝑘 𝑑𝑑−1] × 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖

𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑[𝑘𝑘𝑘𝑘 𝑔𝑔−1]
÷ 1000

i = salmonid
j = CSL

i = sturgeon
j = SSL

Biomass requirement (BR) of prey i for predator j

Basal Metabolism 𝐵𝐵𝐵𝐵𝑗𝑗 𝑘𝑘𝑘𝑘 𝑑𝑑−1 = 292.88 × 𝑀𝑀𝑗𝑗0.75,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑀𝑀𝑗𝑗 ~ 𝑁𝑁(𝜇𝜇𝑗𝑗 ,𝜎𝜎𝑗𝑗) 

Production 𝑃𝑃 = energy invested in daily growth = 0*

Energetic Cost of Activity 𝐴𝐴𝑗𝑗 = 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑗𝑗 ∗ 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 + 1 −𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑗𝑗 ∗ 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

Proportion of time spent in the water 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑗𝑗 ~ triangle(𝑚𝑚𝑚𝑚𝑚𝑚𝑗𝑗 ,𝑚𝑚𝑎𝑎𝑎𝑎𝑗𝑗 ,𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜𝑗𝑗)

′On land′multiplier of 𝐵𝐵𝐵𝐵 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ~ triangle(1.0, 1.4, 1.2)

′In water′multiplier of 𝐵𝐵𝐵𝐵 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ~ triangle(2.5, 5.5, 4.0)



Gross Energy Requirement (𝐺𝐺𝐺𝐺𝐺𝐺) =
𝑃𝑃 + (𝐴𝐴𝑗𝑗 × 𝐵𝐵𝐵𝐵𝑗𝑗)

𝐸𝐸𝑢𝑢 × ∑𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖 × 𝐸𝐸𝑓𝑓𝑖𝑖 × 𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖

𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖[𝑘𝑘𝑘𝑘 𝑑𝑑−1] =
𝐺𝐺𝐺𝐺𝐺𝐺[𝑘𝑘𝑘𝑘 𝑑𝑑−1] × 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖

𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑[𝑘𝑘𝑘𝑘 𝑔𝑔−1]
÷ 1000

i = salmonid
j = CSL

i = sturgeon
j = SSL

Efficiency of utilizationof metabolizable energy 𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖 =

Urinary digestive efficiency 𝐸𝐸𝑢𝑢 ~ 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 0.90, 0.93

Biomass requirement (BR) of prey i for predator j

Fecal digestive efficiency 𝐸𝐸𝑓𝑓𝑖𝑖 =
𝛼𝛼

1 + 𝑒𝑒−𝜃𝜃(𝐸𝐸𝐸𝐸𝑖𝑖−𝛾𝛾) ,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝛼𝛼,𝜃𝜃, 𝛾𝛾 ~ 𝑁𝑁

1 −
𝛽𝛽0 + 𝛽𝛽1 × 𝐸𝐸𝐸𝐸𝑖𝑖

𝐸𝐸𝑢𝑢 × 𝐸𝐸𝑓𝑓𝑖𝑖
,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝜷𝜷 ~ 𝑁𝑁

Proportion by wet mass of prey 𝑖𝑖 in diet 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖 = �0.9, 𝑖𝑖 = 1
0.1, 𝑖𝑖 = 2



Gross Energy Requirement (𝐺𝐺𝐺𝐺𝐺𝐺) =
𝑃𝑃 + (𝐴𝐴𝑗𝑗 × 𝐵𝐵𝐵𝐵𝑗𝑗)

𝐸𝐸𝑢𝑢 × ∑𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖 × 𝐸𝐸𝑓𝑓𝑖𝑖 × 𝐸𝐸𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖

𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖[𝑘𝑘𝑘𝑘 𝑑𝑑−1] =
𝐺𝐺𝐺𝐺𝐺𝐺 𝑘𝑘𝑘𝑘 𝑑𝑑−1 × 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖

𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑘𝑘𝑘𝑘 𝑔𝑔−1
÷ 1000

i = salmonid
j = CSL

i = sturgeon
j = SSL

Proportion by wet mass of prey 𝑖𝑖 in diet 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖 = �0.9, 𝑖𝑖 = 1
0.1, 𝑖𝑖 = 2

Biomass requirement (BR) of prey i for predator j

Energetic density of diet (𝐸𝐸𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑) = �
𝑖𝑖

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖 × 𝐸𝐸𝐸𝐸𝑖𝑖



i = salmonid
j = CSL

i = sturgeon
j = SSL

Number of fish of prey i for predator j

# 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖 𝑑𝑑−1 = 𝑘𝑘,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖 𝑘𝑘𝑘𝑘 𝑑𝑑−1

∑𝑘𝑘 𝑁𝑁 𝜇𝜇𝑖𝑖 ,𝜎𝜎𝑖𝑖
> 1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑘𝑘 − 1

Example: 𝐵𝐵𝐵𝐵 = 10 𝑘𝑘𝑘𝑘 𝑑𝑑−1

10
∑𝑘𝑘=11 (3.5)

> 1,
10

∑𝑘𝑘=12 3.5 + 5
> 1,

10
∑𝑘𝑘=13 3.5 + 5 + 4.1

≤ 1

∴ k = 3 fish/d
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10
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10
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10
∑𝑘𝑘=13 3.5 + 5 + 4.1

≤ 1

∴ k = 3 fish/d
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10
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> 1,
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Example: 𝐵𝐵𝐵𝐵 = 10 𝑘𝑘𝑘𝑘 𝑑𝑑−1

10
∑𝑘𝑘=11 (3.5)

> 1,
10

∑𝑘𝑘=12 3.5 + 5
> 1,

10
∑𝑘𝑘=13 3.5 + 5 + 4.1

≤ 1

∴ k = 3 fish/d



i = salmonid
j = CSL

i = sturgeon
j = SSL

j Mj (lbs) Mj (kgs)

CSL ~N(600, 100) ~N(272, 45)

SSL ~N(1200, 267) ~N(544, 121)

i EDi kJ g-1 Mi (lbs) Mi (kgs)

Chinook salmon ~uniform(5, 9) ~N(14.3, 2.6) ~N(6.5, 1.2)

Winter steelhead ~uniform(5, 9) ~N(10, 1.67) ~N(4.5, 0.8)

White Sturgeon 4.4 ~N(4, 0.7) ft
34.9 lbs

~N(121.9, 20.3) cm
15.8 kgs

Eulachon ~N(9.7, 1.13) 0.09 0.041

Secondary prey (i = 2) ~uniform(3, 11) NA NA

Predator-prey inputs (Appendix 4)



i = salmonid
j = CSL

i = sturgeon
j = SSL

Results

 Monte Carlo simulation implemented in R
 Each combination of j and i run 10K times
 1-day estimates in Table 18 are averages over the 10K runs



Model validation

*Adult males



Next step: Scale up from 
individual to population



Figure 10

Species Management 
scenario

Annual 
recruitment rate

Annual removal rate

Bonneville Willamette

CSL None 10% 0% 0%

Current 10% 29% 66%

Proposed 10% 75% 75%

SSL None/Current 10% 0% 0%

Proposed 10% 50% 50%



Population-level bioenergetics Results (requirements) “Savings”



=-

∑



Willamette Falls:
Reduction in CSL abundance = Fish saved



Questions?
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