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Goal:  Quantify threat of extirpation posed by sea lions 

Method: Population Viability Analysis (PVA) 

 
 

  

Data Model Model Result 

Scenarios 
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dynamics 

Adult abundance 
Age at maturity 
Proportion hatchery 
Harvest 
Sea lion mortality 

math programming 
Population 
simulator 

Probability of 
extirpation cpu time 

• with sea lions 
• without sea lions 

  

  



A stock-recruitment  model reveals density-dependent  
population d ynamics 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

A
du

lt 
Pr

og
en

y 
Model 
Replacement 

0 500 1000 1500 2000 2500 3000 3500 4000 

Parents 



Goal:  Quantify threat of extirpation posed by sea lions 

Method: Population Viability Analysis (PVA) 

 
 

  

Data Model Model Result 

Scenarios 

Population 
dynamics 

Adult abundance 
Age at maturity 
Proportion hatchery 
Harvest 
Sea lion mortality 

math programming 
Population 
simulator 

Probability of 
extirpation cpu time 

• with sea lions 
• without sea lions 

  

  



 

  
     

 

  

Steelhead Spawner Abundance 

Base enumeration 
• counted at Willamette Falls (WF) 
• 62% at WF spawn in focal populations (U of I) 

Apportion to populations 
• amount of spawning habitat 
• redd-density surveys 
• multiple imputation for missing observations 
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Sea Lion Predation 

Observe (surface) feeding events 

Stratified three-stage cluster sampling design 
• days of week 
• site-shift (block of hours at given site) 
• 30-min observation bouts (3 of 4) 

Predation events assigned to species 
• observed 
• species composition at window (1, 7, 14 d) 
• Monte Carlo 



Sea Lion Predation 

Expand estimated predation for  
steelhead run passing before  
predation monitoring. 
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Age1 Age2 Age2 Age4 Age5 Age6
0 100 200 400 200 100
0 200 400 800 400 200
0 150 300 600 300 150
0 80 160 320 160 80
0 300 600 1200 600 300
0 250 500 1000 500 250
0 300 600 1200 600 300

Plus age composition

Calculate Recruits associated with Spawners at time t, Rs(t) 

Year Spawn 
1 1000 
2 2000 
3 1500 
4 800 
5 3000 
6 2500 
7 3000 



Calculate Recruits associated with Spawners at time t, Rs(t) 

  

   
   

 

Plus age composition Proportion of hatchery fish on spawning grounds 
(hatchery fish not progeny of “spawners”) 

Spawner abundance 

6 
𝑆𝑆𝑡𝑡+𝑎𝑎 ∗ 1 − 𝑝𝑝𝑝𝑝𝑝𝑝𝑆𝑆𝑡𝑡+𝑎𝑎 𝑅𝑅𝑆𝑆(𝑡𝑡) = � 𝐴𝐴𝑡𝑡+𝑎𝑎,𝑎𝑎 + 𝑀𝑀𝑡𝑡+𝑎𝑎 .1 − 𝑝𝑝𝑅𝑅𝑡𝑡+𝑎𝑎 𝑎𝑎=1 

Age composition Harvest rate Mortality from 
(some fish get caught 

Year Spawn Age1 Age2 Age2 Age4 Age5 Age6 
1 1000 0 100 200 400 200 100 
2 2000 0 200 400 800 400 200 
3 1500 0 150 300 600 300 150 
4 800 0 80 160 320 160 80 
5 3000 0 300 600 1200 600 300 
6 2500 0 250 500 1000 500 250 
7 3000 0 300 600 1200 600 300 

pinnipeds 
before returning). 
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Population Dynamics 
• Density-dependence 
• Sea lion predation and fishing mort are additive 
• Multi-model inference 

Bayesian analysis 
• Yields probability-based inference for 

parameters. 

• MCMC provides random draws of 
parameters that include covariance. 

• WAIC has cross-validation properties: 
get density at each datum within the MCMC, then 
compute over MCMC instead of conditioning on a 
point estimate (AIC, DIC). 

Ricker Models WAIC 
Model  1:  Each  pop  separate                 

𝑅𝑅 = 𝛼𝛼 𝑆𝑆 𝑒𝑒−𝛽𝛽𝑝𝑝𝑆𝑆𝑡𝑡,𝑝𝑝+𝜀𝜀𝑡𝑡,𝑝𝑝 𝑡𝑡,𝑝𝑝 𝑝𝑝 𝑡𝑡,𝑝𝑝 ,where 𝜀𝜀~𝑁𝑁(0, 𝜎𝜎𝑝𝑝) 225 

Model 2: Shared error  variance  
𝑅𝑅 −𝛽𝛽𝑝𝑝𝑆𝑆𝑡𝑡,𝑝𝑝+𝜀𝜀𝑡𝑡,𝑝𝑝 𝑡𝑡,𝑝𝑝 = 𝛼𝛼𝑝𝑝𝑆𝑆𝑡𝑡,𝑝𝑝𝑒𝑒 ,where 𝜀𝜀~𝑁𝑁(0, 𝜎𝜎) 249 

Model 3:  Shared  productivity  
𝑅𝑅 = 𝛼𝛼𝑆𝑆 𝑒𝑒−𝛽𝛽𝑝𝑝𝑆𝑆𝑡𝑡,𝑝𝑝+𝜀𝜀𝑡𝑡,𝑝𝑝 𝑡𝑡,𝑝𝑝 𝑡𝑡,𝑝𝑝 ,where 𝜀𝜀~𝑁𝑁(0, 𝜎𝜎𝑝𝑝) 218 



 

 

  
 

  
    

   
 

Population Dynamics 
• Density-dependence 
• Sea lion predation and fishing mort are additive 
• Multi-model inference 

Bayesian analysis 
• Yields probability-based inference for 

parameters. 

• MCMC provides random draws of 
parameters that include covariance. 

• WAIC has cross-validation properties: 
get density at each datum within the MCMC, then 
compute over MCMC instead of conditioning on a 
point estimate (AIC, DIC). 

math model 
model uncertainty 

1:1 (replacement) 
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Population Simulator 

Parameters 
inferential statistics 

simulation 

Model Reality 

Data 

� 
𝑖𝑖=1 

𝑛𝑛 

𝑦𝑦𝑖𝑖 − �𝑦𝑦 2 

for i=1:length(X) 
y(i,:)=normrnd(X(i,1),X(i,2),[1,50]); 
end 

( ) 



  
       

  

 

  
   

  

 

Population Simulator 
Replication 

1000 random draws of parameters per population. 
• For each draw, magnitude of error (variance of residuals) and autocorrelation are recomputed. 
• Each draw used to simulate 100 years. 

+ 100 replications of the process described above. 
= 100,000 simulations of 100 years per population 

Allee effects (negative density dependence) 
• If Nt < 100, then no reproduction 
• If Nt:t+3 < 100 (4 consecutive years), then functionally extirpated 

Pr[extirpation] = #extirpations/100,000 



Population Simulator 
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Goal:  Quantify threat of extirpation posed by sea lions 
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Probability of Extirpation 

Scenario Population 
North 

Santiam 
South 

Santiam Molalla Calapooia 

Without Sea Lions: 2% 5% 0% 99% 

With Sea Lions: 

lowest observed 
predation (2015) 8% 16% 0% 99% 

average predation 
(2016) 27% 34% 2% 99% 

highest observed 
predation (2017) 64% 60% 21% 99% 





  

      
     

    
    

    
    

 Spring Chinook Assessment 

• Uses same PVA method as steelhead. 

• However, abundance time series begins in 2002 because the proportion of 
hatchery-origin spawners in the McKenzie is unknown prior to 2002. 

• Short time series complicates assessment. 

• Comparison among three populations of spring Chinook: 
- McKenzie (exposed to pinnipeds at Willamette Falls) 
- Clackamas (not exposed to pinnipeds at Willamette Falls) 
- Sandy (not exposed to pinnipeds at Willamette Falls) 



Trends in abundance 
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Recruits per Spawner 

RRS: Relative Reproductive Success of hatchery-origin fish. 
If low, then recruits are progeny of natural-origin fish. 



   
   

Probability of Extirpation 

RRS: Relative Reproductive Success of hatchery-origin fish. 
If low, then recruits are progeny of natural-origin fish. 



Caveat: no  sign of density-dependence
• A density-independent model would have 

produced more pessimistic results. 

• Regardless of PVA mechanics, the McKenzie 
is clearly performing worse. 
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California sea lion Population Growth and Status* 

Achieving the goals of the Marine
Mammal Protection Act 

*Laake, J.L., M.S. Lowry, R.L. DeLong, S.R. Melin and 
J.V. Carretta 2018. 

Journal of Wildlife Management
DOI:10.1002/jwmg.21405 



  Distribution of California Sea Lion 



   

  
     

  
  

 
   

  

   
  

A novel method to assess population growth and status 

• Conceptually simple but requires extensive population data 
• Time series of 39 years of pup counts for all rookeries ( 6) in 

California waters 1975 – 2014 (Lowry et al 2017) 
• Sex and age- Specific Survival Rates (28 years) 1975 to 2013 

(DeLong et al 2017. MM Sci.) 
• Use annual pup counts and survival estimates to reconstruct 

abundance of all age and sex components of population for each 
year 

• Fit generalized logistic growth curve to time series of population 
size at each year to estimate MNPL ,K and population status 



                                                     California sea lion Population Structure 
Population estimate 

Year Pup count F M Total 

1975 12,499 49,136 39,788 88,924 
1976 14,749 51,944 42,226 94,170 
1977 11,712 50,784 40,415 91,199 
1978a 13,449 50,942 39,971 90,913 
1979a 14,145 52,151 40,661 92,812 
1980a 14,878 53,180 41,153 94,333 
1981 16,701 54,748 42,249 96,997 
1982 20,540 58,881 45,899 104,780 
1983 11,595 55,342 41,465 96,807 
1984 13,550 53,657 39,354 93,011 
1985 15,224 53,753 39,259 93,012 

. . . . . . 

. . . . . . 

. . . . . . 
2004 43,490 114,985 85,342 200,327 
2005 48,331 122,423 92,825 215,248 
2006 56,144 135,829 106,364 242,193 
2007 54,088 144,443 114,561 259,004 
2008 59,774 156,091 125,359 281,450 
2009 35,914 154,229 121,926 276,155 
2010 33,873 139,983 106,348 246,331 
2011 62,109 155,174 120,315 275,489 
2012 67,396 171,149 135,071 306,220 
2013 42,913 146,010 107,652 253,662 
2014 47,691 148,499 109,107 257,606 



 California sea lion Population Growth 



     

       
   

    
       

Result 

• MNPL (183,481), K (275,631) and population status 
N2014/MNPL 

• Annual Growth rate = 0.07, N2014/MNPL = 1.2 , 
N2014/K = 0. 94 

• Increase of 1° C SST results in 7% decline in annual 
growth rate, bringing it to zero; 2° C SST > 14% 
decline in growth rate and a population decline of 
7 % 



 

 

    
  

Relative Abundance of Females and Males in the U.S. California 
sea Lion population 1975 to 2014 

Model Estimates: 
Males 4-7 yr ~ 29,000 
Males ≥ 8 yr ~ 38,500 
Potential Migrant Males 
in 2014 was ~67,500 
animals; its fewer today. 



      
    

   

      
    

   

  

       
   

       
    

      
    

Potential Biological Removals (PBR) 

MMPA definition “the maximum number of animals, not including natural 
mortality, that may be removed from a marine mammal stock while allowing that 
stock to reach or maintain its optimum sustainable population.” 

PBR is product of 3 elements: the minimum population estimate (Nmin); half 
the maximum net productivity rate (0.5 Rmax); a recovery factor (Fr) 

Current PBR: (Nmin) 153,337 X 0.06 (1/2 Rmax) X 1.0 Fr = 9,200 

Pacific Scientific Review Group (SRG) Recommended PBR (Draft): 7,823 

Task Force should consider male only PBR for Section 120 removals in Columbia 
River as all removals are from male component of the population 

PBR calculated for males > 4 years is Nmin (52,311) X ½ of Rmax of 0.12 and 
recovery factor of 1.0: 52,311 X 0.06 X 1 = 3,139. 

PBR for males 8 years and older: Nmin is (27,451) X ½ of Rmax ( 0.12) and 
recovery factor of 1.0: 27,451 X 0.06 X 1.0 = 1,647 



      
     

        
 

Steller Sea Lions in Oregon and Washington 
 Population of ~8,000 breed on 1 Washington and 2 Oregon locations 
 Adult and Subadult males occur in the Columbia River and have become major salmon 

predators at Bonneville Dam 
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Figure 1. Maximum single-day CSL count at \Villamette FaUs by year. Monitoring from 1995.-2003 and. 
2014-2017 \r\fM conducted by ODF\\ ; moru.tLOrmg from 2009-2012 l<vas oondocted by PSU. 



Table 1. Observed eredation by Califonlia sea lions at Willan1ette Falls, 2014-2017. 

Observed predation % of observations 

Prey 20 14 2015 2016 2017 Total 20 14 2015 2016 2017 Total 

Sahnonids 959 1139 1001 753 3852 86.7% 85.2% 83 .8% 82.7% 84.7% 

La1nprey 126 175 182 145 628 11.4% 13.1% 15.2% 15.9% 13.8% 

Other/unk. 18 2 1 11 12 62 1.6% 1.6% 0.9% 1.3% 1.4% 

Sturgeon 3 2 0 0 5 0.3% 0.1% 0.0% 0.0% 0.1% 

Total 1,106 1,337 1,194 910 4547 100% 100% 100% 100% 100% 



Figure I. Illustration of the spatial component of the sampling frame for 2017. Sites 1-6 (''Falls" 
stratum) were each approximately 0.9-ha in are.a. 
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Figure 4. Esti1nated daily California sea lion abundance at Willa1nette Falls in 2016 based on loess 1nodel 
fit to weekly 1naxinu11n count data (Wright et al. 2016).1 
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Figure 6. Weekly residency of branded California sea lions (n = 48 total) at \Villamette Falls sorted by year and week of first 
detection (darker hue = more days detected). Capture location at branding denoted by 'A' (Astoria) or 'B' (Bonneville Dani); X 
denotes animal was removed under MMPA Section 120; * indicates aninial documented at Bonneville Dani; ** indicates animal on 
MMPA Section 120 list for removal. Brands recorded less than three days per year were considered tmconfinned and are not induded 
unless photographed. [Note that this graphic will be updated once image processing from automated cameras is competed.] 



Hazing / non-lethal detternts 

Table 4. Sununary ofODFW hazing effo1ts at Willa1nette Falls fro1n 2010-2013. 

Effort Dete1Tents 
Ani1nals Exposed 

to Hazing 

Year Sta1t End Days 
Shell 

Crackers 
Rubber 

projectiles 
Seal 

bornbs 
CSLs SSLs 

2010 3/26 4/30 8 ~800 ~30 ~400 NA 0 
2011 2/7 4/26 49 6,863 135 2,771 860 0 
2013 2/4 4/29 81 10,976 601 8,042 1,871 45 



Table 5. Esti1nated sahnonid predation by Califon1ia sea lions at Willan1ette Falls, 2014-2017. 
Estin1ated predation % of potential escape1nent 

Run* 2014 2015 2016 2017 2014 2015 2016 2017 

\.VSTH 780 557 915 270 13% 11% 14% 25% 
n1nCH 496 899 650 399 7% 9% 9% 6% 
sSTH 712 172 768 181 3% 4% 3% 8%*':' 
n1CH 1,703 4,149 2,252 1,824 7% 9% 9% 6% 

,:,wSTH = winter steelhead; nrnCH = spring Chinook salrnon (not 1narked); sSTH = sun1111er 
steelhead; 1nCH = spring Chinook saln1on (rnarked) 
,:'*As of 8/15/2017 



Expected benefits 



    

    

 

  

Expected benefits 

Probabilities of extirpation (100 year PVA) 
Scenario Winter steelhead population 

Sea lion 
predation 

N. 
Santiam 

S. 
Santiam Molalla Calapooia 

At least 
one 

extirpated* 

None 2% 5% 0% 99% 6% 

Low (2015) 8% 16% 0% 99% 23% 

Average (2016) 27% 34% 2% 99% 53% 

High (2017) 64% 60% 21% 99% 89% 

* Excluding Calapooia and assuming independence 

Reproducible results (data and code): www.falcy.weebly.com/pva 

www.falcy.weebly.com/pva


 

  
  

   
   

     

Expected benefits 
CSLs 

removed 
Winter 

steelhead 
Summer 

steelhead 

Spring 
Chinook-

unmarked 

Spring 
Chinook-
marked 

Total 

46 431-
913 

496-
1052 

495-
1049 

2204-
4672 

3626-
7686 

92 1000-
1665 

1152-
1918 

1148-
1913 

5114-
8518 

8414-
14014 

Monte Carlo simulation assumptions 
• Predation rate: 2 salmonids/d (conservative) 
• CSL Residency: 1-21 weeks 
• Salmonid run proportions: 60.8% hatchery Chinook, 13.6% 

wild Chinook, 13.7% summer steelhead, 11.9% winter 
steelhead 



Table 5. Sunu.nary of Cali onlia sea lion preda·tion on sahnonids. extrapolated to river h1Ita m 
2 01 b ased. on :relative amon:nu of ptiedation obse!r\ ed b etween the ra o m-ata m 20 14-2.015 . 
. · ote~ hoive"ilEf'3 that the 2014--1015 estimates tihemseb.;-es represenrt le~s tempo.rall co1.lerage than 

... 016-201 (see Figures ]-3 and App en dix A). 

Year Strahim 
E im.ated 

California ~ a lion 
sabno.nidl take 

% Califumiai sea lion 
s itlmonid ·take 

Site~adjusted 
,'o California 

ea lion 
sru.monid take 

2014 Falls 13842 50% 
Ri, er l ,&48 50% 

33690 100% 100% 

2015 Falls 
River 

33620 
23156 

63 ~/o 
.., .... o/c .:, J 0 

5 7 5 100% 

2016 Falls 43585 
River .,rr O* 

455.* . . 

201 Falls 2 67,j, 3

River 1,615* 

*Tu..1-rapolaif ns based on 2014 and 2015 e stitnare . 



Compensatory Pinniped 
Immigration 

Presenter: Bryan Wright 

Corresponding Summary 
Page(s): 23-25 



  
  

 
  

  

Replacement critique 

Compensatory immigration? 

“Attempts to control predator 
numbers through spatially restricted 
culling typically faces a 
compensation process via immigration 
from surrounding source populations.” 







    

 
    

  

California sea lions ≠ terrestrial carnivore 
(e.g., fox, coyote, wolf) 

• Seasonal, migratory males—not breeding 
pairs such as wolf pack 

• Not territorially (outside rookeries) 
• Little or no evidence carrying  capacity 

reached at  WF  or  BD (sea lions not queued 
up  waiting  to get  in) 

• Nearest  “source” population  over 100  miles  
away 

• Ecologically  valid  concept does  not  apply  in 
this situation 
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Socially transmitted wildlife behaviours that create human-wildlife conflict 
are an emerging problem for conservation efforts, but also provide a unique 
opportunity to apply principles of infectious disease control to wildlife man
agement. As an example, California sea lions (Zalophus ca/ifornianus) have 
learned to exploit concentrations of migratory adult salmonids below the 
fish ladders at Bonneville Dam, impeding endangered salmonid recovery. 
Proliferation of this foraging behaviour in the sea lion population has resulted 
in a controversial culling programme of individual sea lions at the dam, but the 
impact of such culling remains unclear. To evaluate the effectiveness of current 
and alternative culling strategies, we used network-based diffusion analysis 
on a long-term dataset to demonstrate that social transmission is implicated 
in the increase in dam-foraging behaviour and then studied different culling 
strate.,-ies within an enidemiolo.,-ical model of the behavioural transmission 

data. We show that current levels of lethal control have substantially reduced 
the rate of social transmission, but failed to effectively reduce overall sea lion 
recruitment. Earlier implementation of culling could have substantially 
reduced the extent of behavioural transmission and, ultimately, resulted in 
fewer animals being culled. Epidemiological analyses offer a promising tool 
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new recruitment 

  
  

High Social 
component 

Asocial 
base rate 

Low 

# of existing recruits 
(i.e., habituated sea lions) 





    

      
      

           
  

     

     
   

     
 

• P(travel from EMB to Bonneville and/or WF) = ~0.07 

• Recruitment = function of social and/or asocial process 
(i.e., follow others, follow fish, explore) 

• P(stay upon first arrival) = f(# sea lions, # fish, age, haul-
out space?, hazing/disturbance?,…) 

• P(return next year) = f(previous experience, age,…) 

• Within-year new recruitment likely independent of 
removals (i.e., no compensatory immigration) 

• Next-year recruitment likely reduced due to reduced 
opportunity for social transmission 



   
         

      

     
   

    
     

U253 

• Branded in Astoria 8/21/2012 
• First seen at Willamette Falls 2013 and seen every year since 
• Relocated to coast March 13, 2018—returned 5 days later 
• Returned last week—earliest return on record 
• 2019 will be 7th year (C742 headed into 11th year) 
• Behavior has been growing over time 
• Removing U253 next week would not result in a “replacement” 

the following week and probably not for several years, if ever 



    

    

 

  

Expected benefits 

Probabilities of extirpation (100 year PVA) 
Scenario Winter steelhead population 

Sea lion 
predation 

N. 
Santiam 

S. 
Santiam Molalla Calapooia 

At least 
one 

extirpated* 

None 2% 5% 0% 99% 6% 

Low (2015) 8% 16% 0% 99% 23% 

Average (2016) 27% 34% 2% 99% 53% 

High (2017) 64% 60% 21% 99% 89% 

* Excluding Calapooia and assuming independence 

Reproducible results (data and code): www.falcy.weebly.com/pva 

www.falcy.weebly.com/pva
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Figure 6. Weekly residency of branded California sea lions (n = 48 total) at \Villamette Falls sorted by year and week of first 
detection (darker hue = more days detected). Capture location at branding denoted by 'A' (Astoria) or 'B' (Bonneville Dani); X 
denotes animal was removed under MMPA Section 120; * indicates aninial documented at Bonneville Dani; ** indicates animal on 
MMPA Section 120 list for removal. Brands recorded less than three days per year were considered tmconfinned and are not induded 
unless photographed. [Note that this graphic will be updated once image processing from automated cameras is competed.] 



 Columbia River estuary 







Are California Sea Lions Causing Undue 
Injury to Salmonids or Humans? 

Presenter: Shaun Clements 

Corresponding Summary Page(s): 25-27 



      Are CSL causing undue injury to UWR steelhead and Chinook? 



WILLAMETTE WINTER STEELHEAD 
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WILLAMETTE SPRING CHINOOK 
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WILLAMETTE SPRING CHINOOK     PREDATION RATE 



WILLAMETTE WINTER STEELHEAD       EXTINCTION RISK 

Scenario Single Population 

North  
Santiam 

 South 
Santiam 

Molalla 

Without Sea Lions 2% 5% 0% 

With Sea lions 

lowest observed predation (2015) 8% 16% 0% 

average predation (2016) 27% 34% 2% 

 highest observed predation (2017) 64% 60% 21% 



MCKENZIE  SPRING  CHINOOK             EXTINCTION RISK 

Scenario Single Population 

McKenzie 

Without Sea Lions 20-30% 

With Sea lions 
  highest observed predation 

(2015/16) 
33-45% 



Do  CSL pose a risk  to human  safety? 



  

Per Year

Sea lions 

250-300,000
Population abundance 

Sea lions 

40+ 
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SUMMARY CSL 
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4H’s 

0-5% 
Probability of Extinction 

Predation 

11-25% 
Rate 

Increase in 

0-62% 
Probability of Extinction  

 

4H’s 

20-30% 
Probability of Extinction 

Predation 

7-9% 
Rate 

Increase in 

13-15%*
Probability of Extinction 

SUMMARY IMPACT  TO FISH 
Winter Steelhead Spring Chinook 



  
  

  

 

SUMMARY HOW TO MANAGE THREAT 

Non lethal? 
Lethal? 
• Replacement? 

• Are we at carrying capacity? 
• Early arriving animals (Aug-Mar) 
• Peak period (Apr-May) 

o 7% of animals exhibit behavior 
o Animal behavior/transmission 

• What we don’t know? 
o Replacement rate at low occupancy 

Non lethal as part of mgmt. portfolio? 
• Naïve animals? 

• Evidence 
• Practicability 



   
 

  
 

   

 

SUMMARY HOW TO EVALUATE  EFFECTIVENESS? 
Nov-Mar 

1) Have we reduced predator presence prior to 
April (metric: number of sea lions present or 
predator days) 

Apr-May 

1) Have we reduced the single day maximum 
count (metric: single day maximum) 

2) Have we reduced predation rate @ falls 
(stratified sampling) 

PVA-reduce extinction risk 
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