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• Each CA sea lion must be individually identifiable – this requires  
trapping, marking, and releasing the animal, AND

• individual sea lions must be observed at Bonneville Dam for 5  days, 
AND*

• individual sea lions must be observed eating salmonids at  
Bonneville Dam, AND

• individual sea lions must be subjected to nonlethal deterrence
while at  Bonneville Dam.

*Criteria changed in 2019 to 5 days of observation OR 
observed eating salmonids

MMPA §120 Permit Removal Criteria



• 392 individually identifiable California sea lions were designated as 
having a significant negative impact on Endangered Species Act (ESA)-
listed salmonids at Bonneville Dam, and listed for removal

• 240 listed CSLs were removed in the period from 2008-2021

• NOAA Fisheries authorized the eligible entities’ MMPA §120f permit in 
August 2020. Lethal removals after August 14, 2020, were conducted 
under this new authorization, except for those CSLs already on the list 
of animals approved for removal under the §120 authorization.  During 
2021 4 CSLs were removed under §120 authority, and 17 were 
removed under §120f authority. 

Removal Summary 2008-2021



• Removals limited to a maximum of 1% of potential biological removal 
(PBR) annually

• PBR for population of California sea lions set at 8,511 from 2008-2011, 
and 9,200 from 2012-2021

• Highest yearly removal level was 59 animals in 2016, 0.64% of PBR

• All removed animals were male

Removal Summary 2008-2021



• Age data based on sectioned teeth have been obtained for 197 CSLs 
lethally removed since 2009

• Average age of euthanized animals over the course of §120 
authorization was 7.7 years, with a range of 2-15 years

• No shift in age composition over time

Age of lethally removed animals



• The average weight of euthanized CSLs (n = 116) was approximately 
266 kg (587 lbs.), with a range of 140-659 kg (310-1454 lbs).

• The average length of euthanized CSLs (n = 78) was approximately 
220 cm (7.2 ft), with a range of 196-246 cm (6.4-8.1 ft).

Size of lethally removed animals



Diet analysis
Summary of prey remains recovered from gastrointestinal tracts of 72 California sea 
lions removed at Bonneville Dam, 2017-2019. 
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Total 174 572 37 27 2 7 10 1 1 1 4

*All identified as Chinook salmon except nine that were unidentified to species. 

• Of these GI tracts, 94% (n = 68) contained remains of adult salmonids, and 38% 
(n = 27) contained remains of juvenile salmonids 

• 174 adult salmonids were recovered from the GI tracts of CSLs, with 90% (n = 
156) of those being adult Chinook salmon
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Benefits analysis

• How many (future) fish were saved by sea lion removals?

• Depends on sea lion:

- age 

- weight

- annual site fidelity (recurrence)

- daily site fidelity (residency)

- prey

> composition

> energetic density

> weight



Methods

• Agent (Individual) Based Model

• See Appendix 3 of MMPA §120(f) Sea Lion Management Annual 
Report (12/1/2021) for details

• Ongoing development
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Questions?



Survival sub-
model



Growth sub-
model



Fidelity and residency sub-models



Residency 
sub-model



Diet sub-model



Bioenergetics sub-model

𝐺𝐸𝑅 =
𝑃 + 𝐴𝑗 × 𝐵𝑀𝑗

𝐸𝐻𝐼𝐹 × 𝐸𝑓+𝑢
,𝐵𝑅𝑖𝑗 𝑘𝑔 𝑑

−1 =
𝐺𝐸𝑅 𝑘𝐽 𝑑−1 ×𝑝𝑟𝑒𝑦𝑖

𝐸𝐷𝑖 𝑘𝐽 𝑔
−1 ÷ 1000, 𝐴𝑗 = 𝑤𝑎𝑡𝑒𝑟𝑗 ∗ 𝐴𝑤𝑎𝑡𝑒𝑟 + 1 − 𝑤𝑎𝑡𝑒𝑟𝑗 ∗ 𝐴𝑙𝑎𝑛𝑑
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