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UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
Alaska Fisheries Science Center 
7600 Sand Point Way NE, Bldg. 4 
Seattle, Washington 98115-0070 
(206) 526-4000 

 
24 May 2013 

 
MEMORANDUM FOR: Jon Kurland, Asst. Regional Administrator 

Brandee Gerke, Fishery Management Specialist 
Protected Resources Division, Alaska Region 
 

    FROM: Douglas DeMaster 
  Science and Research Director, Alaska Fisheries Science Center 
 
SUBJECT: Steller sea lion information provided in support of the Steller sea 

lion/Groundfish Biological Opinion 
 
In this memo the Alaska Fisheries Science Center’s National Marine Mammal Laboratory is 
providing information to the Alaska Region Protected Resources Division, as requested by 
Brandee Gerke.  This information will support the Steller sea lion/groundfish fishery Biological 
Opinion and a presentation that PRD staff will make to the North Pacific Fishery Management 
Council in June 2013. This memo provides: 
 
1) Results of forecasting regional western Steller sea lion counts and estimating pseudo-

extinction probabilities using agTrend; 

2) A description of the method to evaluate the reliability of the ratio of pup to non-pup counts as 
an index of sea lion reproductive rate; 

3) An update on an analysis to detect competition in simulated populations (for review of sea 
lion-fishery competitive interaction studies); and 

4) A description of the method to analyze telemetry data for sea lion foraging ecology (at-sea 
habitat use). 

As requested, on 21 May 2013 L. Fritz sent to B. Gerke a copy of a manuscript describing the 
method used to estimate regional trends in counts of Steller sea lion pups and non-pups. That 
manuscript has been submitted to Methods in Ecology and Evolution (Johnson and Fritz. 
“agTrend: an R package for estimating trends of aggregated abundance”).   

It should also be noted that the technical memorandum summarizing new information about 
Steller sea lion diets: Sinclair et al. 2013, “Decadal variation in the diet of western stock Steller 
sea lions” has been published and is available at: http://www.afsc.noaa.gov/Publications/AFSC-
TM/NOAA-TM-AFSC-248.pdf 
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1) Forecasting regional western Steller sea lion counts and estimating pseudo-extinction 
probabilities:  This analysis uses the same method described in the Johnson and Fritz 
“agTrend” manuscript that was developed to estimate trends in counts of pups and non-pups 
for regions and years of interest. An integral part of agTrend is estimating counts for years and 
sites that were not surveyed, so it was a logical extension to use this method to forecast counts 
for years and sites in the future.  In addition, agTrend uses data from all sites with at least 2 
non-zero counts since 1990 to estimate trends in periods of interest, rather than only counts 
from ‘trend’ sites. 

 
To forecast regional sums of counts, estimated population sizes, and pseudo-extinction 
probabilities into the future, the following data and assumptions were used: 
1) A pseudo-extinction threshold for the western DPS in Alaska of 4,743 non-pups. This 

number comes from Goodman’s Population Viability Analysis that was part of the Steller 
Sea Lion Recovery Plan. It is based on a minimum viable breeding population of 1,000 
and takes into account the juvenile proportion of the total population and the sex ratio of 
reproductively active animals. A western DPS population of Steller sea lions in Alaska 
with fewer than 4,743 non-pups is considered functionally extinct; 

2) An average haul-out rate during the summer for all age-sex classes of non-pups of 50% 
(i.e., we count half of all non-pups during aerial surveys). Thus, the pseudo-extinction 
threshold of 4,743 non-pups would be reached with a western DPS non-pup count in 
Alaska of < 2,372; 

3) Pseudo-extinction thresholds and minimum non-pup counts for the western DPS in 
Alaska were allocated to each region based on the relative number of rookeries (Table 1). 
There are 37 rookeries within the western DPS in Alaska, which equates to average 
pseudo-extinction and count thresholds of 128 and 64, respectively, per rookery. 

4) agTrend was run for 50 years beyond 2012 (most recent count data) for non-pup counts 
in each of the six western DPS Alaska regions identified in the Recovery Plan, and the 
probability that the forecasted regional count was less than that associated with the 
regional pseudo-extinction threshold was assessed. 

 
Results of the regional Steller sea lion population forecasts are shown in Table 1 and Figure 1. 
For the western Aleutian population, 30% of the count projections went below the threshold 
associated with pseudo-extinction within 20 years, and 50% went below within 50 years. 
None of the count projections in any of the other regions went below threshold levels within 
20 or 50 years.   

 
2) Evaluation of the reliability of pup:non-pup ratios as indices of sea lion reproductive 

rate:  The use of pup:non-pup (P:NP) ratios as a proxy for natality will be investigated by 
sampling simulated populations with known demographics. Population time series (numbers-
at-age by sex in 2-3 adjoining regions) with known underlying changes in survival, natality, 
trend, and regional movement will be constructed. Populations in each region will be sampled 
in simulated aerial surveys using literature values of the proportions of different age/sex 
classes hauled out to construct corresponding time series of pup and non-pup counts. P:NP 
ratios from the time series of counts will be calculated to determine how well they track 
known changes in natality given changes in other population parameters (e.g., rates and 
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age/sex classes of movement, juvenile survival, adult survival, population trends, proportions 
hauled out). 
 
Time series of P:NP ratios will be evaluated within the following framework (summarized in 
Table 2), which details how counts of pups and non-pups (and the P:NP ratio) will change 
with variation in reproductive rate, survival, movement and proportion hauled out: 
1) Pups 

a. Reproductive rate (aka natality: number of pups produced per non-pup): this is 
what we want to measure and P:NP will vary directly with natality if all other 
things are static. 

b. Neonate survival differences between year and region: if neonate survival 
increases, P:NP will increase (and vice versa). Neonate survival is defined for the 
period between birth and the pup survey. 

2) Non-Pups 
a. Reproductive rate: this is what we want to measure and P:NP will vary directly 

with natality if all other things are static. 
b. Survival: if survival increases with no change in natality, P:NP will decrease; if 

survival decreases with no change in natality, P:NP will increase. 
c. Movement: if juveniles and non-reproducing animals move into the region (with 

no changes in survival or natality), P:NP will decrease. If juveniles and non-
reproducing animals move out of the region (with no changes in survival or 
natality), P:NP will increase. 

d. Proportion hauled out: if the proportion of non-pups on land during the day during 
the breeding season increases and all other factors are static, P:NP will decrease; 
if the proportion hauled out decreases, P:NP will increase. 

 
NMML will use the following data to construct simulated sea lion populations: 
1) Survival-at-age by sex through age 11 for western DPS populations east of Samalga Pass 

(Fritz et al., submitted to Endangered Species Research); 
2) Reproductive rate by age for females in the central Gulf of Alaska in the 1970s (Holmes 

et al. 2007); and 
3) Proportions hauled out in summer by age/sex class (reviewed by Holmes et al. 2007). 

 
3) Detection of competition in simulated populations (for review of sea lion-fishery 

competitive interaction studies):  As this analysis was assigned a lower priority than the 
others, methods development is in the initial development stage. Formulation of a simulation 
structure for the analysis, including population dynamics equations and notation, has begun. 
Once a blueprint of the simulation study is complete, it will be reviewed within NMML and 
adjustments incorporated prior to the coding of simulation and analysis routines. 

 
4) Analysis of telemetry data to quantify at-sea habitat use in the Aleutian Islands:  In the 

central and western Aleutian Islands 46 sea lions (6 adult females; 40 juveniles, primarily 9-
13 months-old) have been tagged and tracked using satellite telemetry during 2000-2012. The 
analytical approach will model travel paths using the continuous-time correlated random walk 
model (CTCRW; Johnson et al. 2008, “Continuous-time correlated random walk model for 
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animal telemetry data.” Ecology 89:1208-1215 – see Attachment 1), which incorporates the 
wet/dry sensor data as a single covariate to more rigorously estimate location error. The 
CTCRW model output will be used to show habitat use on an individual basis (stratified by 
season and critical habitat zone) to indicate intra-animal variation, then aggregated in a 
weighted ANOVA with age-class, season, critical habitat zone (<3 nm, 3-10 nm, 10-20 nm, 
>20 nm), or occurrence inside/outside of the 200 m isobath contour as possible factors. 
Predicted paths will be merged with measures of diving activity to spatially identify potential 
foraging areas.
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Table 1.  Probability of western Steller sea lion populations in six Alaska regions going below 
the pseudo-extinction threshold within 20 and 50 years. 

 

Region Rookeries 
Pseudo-

extinction  Count 
20 

Years 
50 

Years 
W ALEU 4 513 256 0.3 0.5 
C ALEU 12 1538 769 0 0 
E ALEU 7 897 449 0 0 
W GULF 5 641 320 0 0 
C GULF 6 769 385 0 0 
E GULF 3 385 192 0 0 

 
 
 
Table 2.  Summary of the effect on the ratio of pups to non-pups (P:NP) of each of five factors, 

assuming all other factors are constant. 
 

Factor 
Factor 
Increases

Factor 
Decreases

Natality Up Down 
Pup (neonate) survival Up Down 
NP Survival Down Up 
NP Movement Into Region Down Up 
NP Haulout % Down Up 
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Figure 1.  Estimated counts of western DPS Steller sea lion by region in Alaska, 1990-2012, and 
forecasted for 50 years through 2062 (median ± 95% credible interval) using methods of 
Johnson and Fritz (in review). 
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Attachment 1. Johnson, D.V., J.M. London, M.A. Lea, and J.W. Durban.  2008.  Continuous-
time correlated random walk model for animal telemetry data.  Ecology 89(5):1208-1215. 
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